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Epidemiology of Cardiovascular Disease 


Overview 

Women and Cardiovascular Disease 

Ethnicity and Cardiovascular Disease 

Diabetes Mellitus and Cardiovascular Disease 

Metabolic Syndrome and Cardiovascular Disease 

Cancer and Cardiovascular Disease 

Systemic Inflammatory Conditions and Cardiovascular Disease 


Lifestyle Factors and Cardiovascular Disease 


Key Points 


Cardiovascular disease is the leading cause of death in the United States, and among 
persons 75 years and older, more than twice as many die from cardiovascular disease 
than from cancer-related causes. 

More women than men die of cardiovascular disease each year, and the number of 
women dying of cardiovascular disease has not decreased over time. 

The prevalence of cardiovascular disease and the death rate due to cardiovascular disease 
are 2 to 4 times higher among persons with diabetes than those without diabetes. 
Microalbuminuria in persons with diabetes is strongly associated with cardiovascular 
disease and poorer cardiovascular disease outcomes. 

Patients treated with radiation therapy have higher than expected rates of valvular and 
coronary artery disease. 

Cardiomyopathy occurs in approximately 2% of patients treated with anthracyclines; it is 
directly related to the cumulative dose and is associated with a mortality rate of nearly 
50%. 

Trastuzumab is associated with a high risk of cardiotoxicity, and cardiac function should 
be closely monitored during and after treatment. 
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Overview 


More than 80 million adult Americans (1 in 3) have cardiovascular disease, with approximately 
47% of these persons older than 60 years. If high blood pressure is excluded, approximately 10% 
of the adult U.S. population has cardiovascular disease (coronary artery disease, heart failure, 


stroke). 


The incidence of a first cardiovascular event increases directly with age, occurring in 10 per 
1000 men between ages 45 and 54 years and increasing to 59 per 1000 men for ages 75 to 84 


years (Figure 1). The incidence of a first cardiovascular event for women also increases 
substantially with age, with a delay of approximately one decade in rates compared with men. 


Cardiovascular disease is the most common cause of death in the United States; although cancer- 
related deaths slightly exceed deaths related to cardiovascular disease for persons ages 45 to 74 
years, deaths due to cardiovascular disease are more than twice as frequent as cancer-related 
deaths for persons older than 74 years. 
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Figure 1. Incidence of Cardiovascular Disease by Age and 
Sex. 


Cardiovascular disease consists of coronary artery disease, heart failure, cerebrovascular 
accident, or intermittent claudication. Framingham Heart Study 1980-2003. 


Data from National Heart, Lung, and Blood Institute. Incidence and Prevalence: 2006 Chartbook 


on Cardiovascular and Lung Diseases. www.nhlbi.nih.gov/resources/docs/cht-book_ip.htm. 
Published May, 2006. Accessed February 2, 2009. Chart 2-1. 
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Women and Cardiovascular Disease 


Women develop cardiovascular disease at later ages than men, but the prevalence of 
cardiovascular disease is similar for both sexes. The average lifetime risk for a woman to 
develop cardiovascular disease is approximately | in 2. Cardiovascular disease is the leading 
cause of death among women; 1 of 3 women die of cardiovascular disease, compared with 1 of 5 
women dying from cancer-related causes. More women than men in the United States die of 
cardiovascular disease each year. Over the past 25 years, the number of cardiovascular deaths 
among men has declined significantly, but the number among women has remained essentially 
unchanged. 
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Ethnicity and Cardiovascular Disease 


In 2005 in the United States, the prevalence of myocardial infarction or coronary heart 
disease/angina was approximately 5% for Asians, 6% for whites and blacks, 7% for Hispanics, 
and 11% for American Indian/Alaskan natives. This variable prevalence is largely attributable to 
the presence of risk factors in these ethnic groups: two or more risk factors for heart disease and 
stroke are found in nearly 50% of blacks and American Indian/Alaskan natives but in 25% of 
Asian adults. The prevalence of hypertension and stroke also has significant ethnic variability. 
Approximately 30% of the adult American population have high blood pressure: 16% of Asians, 
19% of Hispanics or Latinos, 32% of whites, and 41% of blacks. The prevalence in American 
blacks is among the highest in the world. Compared with whites, blacks develop high blood 
pressure at a younger age, have higher average blood pressure measurements, and carry a much 
greater risk of end-organ complications such as stroke and end-stage kidney disease. 
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Diabetes Mellitus and Cardiovascular Disease 


Approximately 10% of the U.S. adult population has diabetes mellitus, 95% of whom have type 
2 diabetes. Since 1990, the prevalence of diabetes has increased 61%. The prevalence is 
approximately 1.5- to 2-fold higher in blacks, Hispanic Americans, and American Indian/native 
Alaskan adults than in whites. Diabetes is a risk factor for coronary artery disease, heart failure, 
and stroke, and adults with diabetes are 2 to 4 times more likely to have heart disease or 
experience a stroke than persons without diabetes. In 2000, the prevalence of any self-reported 
cardiovascular condition among persons with diabetes older than 35 years was greater than 30%. 
At least 65% of people with diabetes eventually die of cardiovascular disease, which is the 
leading cause of premature death among patients with diabetes. Although the cardiovascular 
disease mortality rate has declined in the United States, the relative reduction in mortality is 
much lower in persons with diabetes than in those without. 


Among persons with diabetes, the presence of microalbuminuria is strongly associated with 
coronary artery disease, left ventricular hypertrophy, and peripheral vascular disease. 


Microalbuminuria is an adverse prognostic indicator for cardiovascular disease outcomes and all- 
cause mortality in persons with diabetes. 
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Metabolic Syndrome and Cardiovascular Disease 


The term metabolic syndrome refers to the clustering of risk factors for cardiovascular disease 
and type 2 diabetes. The most commonly utilized definition in the United States is the presence 
of at least three of the following five risk factors: 


1. Fasting plasma glucose level >110 mg/dL (6.11 mmol/L) 

2. HDL cholesterol level <40 mg/dL (1.0 mmol/L) in men or <50 mg/dL (1.3 mmol/L) in 
women 

Triglyceride level >150 mg/dL (1.7 mmol/L) 

Waist circumference >102 cm (40 in) in men or >88 cm (35 in) in women 

Blood pressure >130 mm Hg systolic or >85 mm Hg diastolic or drug treatment for 
hypertension 


eS 


An estimated 47 million U.S. residents have metabolic syndrome, with the highest prevalence in 
Mexican Americans (32%) and the lowest prevalence in whites (24%). Persons with metabolic 
syndrome have a higher risk of developing diabetes and cardiovascular disease and have a higher 
risk of death from cardiovascular disease. 
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Cancer and Cardiovascular Disease 


Radiation therapy or chemotherapy for cancer may predispose the patient to cardiovascular 
disease. In a recent study of long-term survivors of childhood cancer, nearly 75% of patients had 
at least one long-term adverse event as a result of therapy for their primary malignancy, 
including 175 cardiovascular events among 1362 patients (predominantly cardiomyopathy). 
Radiation therapy was associated with the highest risk of adverse event, and patients treated with 
mediastinal radiation for lymphoma were predisposed to coronary artery disease, thickening and 
fibrosis of the aortic and mitral valve leaflets resulting in stenosis or regurgitation, pericardial 
adhesions and constriction, conduction defects, and ventricular diastolic dysfunction due to 
myocardial fibrosis. Radiation therapy also increases the procedural complexity and potentially 
affects the results of cardiac surgery for these patients. 


Specific types of cardiovascular disease associated with previous radiation therapy are more 
likely to develop or manifest at certain time intervals from the exposure. In a study of 415 
patients treated with radiation therapy for Hodgkin lymphoma, 10.4% of patients developed 
coronary artery disease at a median of 9 years after treatment, 7.4% developed carotid and/or 


subclavian artery disease at a median of 17 years, and 6.2% developed clinically significant 
valvular dysfunction (most commonly, aortic stenosis) at a median of 22 years. The observed-to- 
expected ratios for interventions for these valvular and coronary lesions were increased, 
particularly for valve surgery. 


Previous chemotherapy, most notably with anthracyclines such as doxorubicin, is associated with 
an increased risk of cardiomyopathy. These agents are used for the treatment of acute leukemia, 
Hodgkin and non-Hodgkin lymphoma, and breast cancer. The overall incidence of 
cardiomyopathy in patients who have been treated with doxorubicin is estimated to be 1.7%. The 
strongest risk factor for the development of cardiomyopathy is the cumulative dosage 
administered—among patients who receive greater than 500 mg/m’, the risk of cardiomyopathy 
is more than 18%. Other risk factors for doxorubicin cardiomyopathy include peak serum levels 
of the drug; very young or very advanced age; mediastinal radiotherapy; treatment with other 
cardiotoxic chemotherapy, such as cyclophosphamide; and a history of other cardiovascular 
disease, including hypertension. The onset of cardiomyopathy may occur as early as 30 days 
after last administration of the drug, and the mortality rate is nearly 50%. In long-term survivors 
of childhood cancer (mostly leukemia), anthracycline cardiotoxicity occurs in approximately 5%. 
Risk factors include younger age at treatment, female sex, and repeat treatment for secondary 
malignancies. It appears that the dose limit for cardiotoxicity is lower in children. Trastuzumab, 
a monoclonal antibody against the HER2 receptor protein on breast cancer cells, has been 
associated with an up to 28% incidence of cardiac dysfunction. Age and concomitant 
anthracycline therapy have been associated with developing cardiotoxicity with trastuzumab. 
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Systemic Inflammatory Conditions and Cardiovascular 
Disease 


Patients with systemic inflammatory conditions are at greater risk of coronary artery disease, 
pericarditis, myocarditis or myocardial fibrosis, endocardial involvement causing valvular 
dysfunction or thrombus formation, coronary arteritis, pulmonary arterial hypertension, 
conduction abnormalities, and systemic hypertension (Table 1). These complications may result 
from organ-specific effects of these diseases on heart and vascular structures as well as from a 
less direct effect of chronic systemic inflammation. For example, patients with rheumatoid 
arthritis have a 2- to 3-fold increased risk of coronary artery disease and those with systemic 
lupus erythematosus may have up to a 50-fold increased risk of myocardial infarction. 


Table 1. Systemic Inflammatory Conditions and Associated 
Cardiovascular Diseases 


Systemic Cardiac Involvement and Prevalence 
Inflammatory 
Condition 


Systemic lupus 
erythematosus 


Rheumatoid arthritis 


Ankylosing 
spondylitis 


Systemic sclerosis 
Takayasu arteritis 
Giant cell arteritis 
Polyarteritis nodosa 


Kawasaki disease 
Behcet disease 


Sarcoidosis 
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Pericarditis (25%-50%), noninfective endocarditis (22%-61%), moderate 
or severe valvular regurgitation (up to 20%), premature coronary artery 
disease 


Pericardial effusion (30%-40%), coronary artery disease, leaflet fibrosis 
(up to 30%), left ventricular diastolic dysfunction (up to 15%) 


Proximal aortitis/valvulitis (25%-60%), moderate or severe aortic 
regurgitation (up to 40%), conduction system disease (2%-20%), left 
ventricular diastolic dysfunction 


Systemic hypertension, including scleroderma renal crisis; pulmonary 
arterial hypertension; myocardial fibrosis; pericardial disease 


Arteritis, predominantly aortic (aneurysms, stenosis, occlusion); coronary 
arteritis (15%-25%); aortic regurgitation; pulmonary artery stenosis or 
aneurysm; malignant hypertension due to renovascular involvement 


Peripheral artery disease, stroke, myocardial infarction 
Cardiomyopathy 

Coronary artery aneurysms, occlusion 

Aortic valve regurgitation, myocarditis, pericarditis, conduction 
abnormalities 

Cardiomyopathy (dilated or restrictive); conduction abnormalities; 
ventricular arrhythmias, including sudden death 


Lifestyle Factors and Cardiovascular Disease 


Approximately 41% of the adult U.S. population has a history of smoking cigarettes, and nearly 
22% currently smoke. Cigarette smoking is a risk factor for coronary artery disease, myocardial 
infarction, stroke, and peripheral artery disease. A dose-response relationship between cigarettes 
smoked and cardiovascular disease risk has been established, with heavy smokers having a 
relative risk of nearly 5.5 for fatal cardiovascular disease events compared with nonsmokers. 
Notably, the risk of cardiovascular events decreases rapidly after cessation of smoking, with 
previous smokers having the same risk as persons who never smoked at 5 to 10 years after 


stopping smoking. 


Although moderate alcohol consumption (approximately one to three drinks daily) is associated 
with a lower risk of coronary artery disease, excessive alcohol intake accounts for approximately 
4% of cases of dilated cardiomyopathy. The level of ingestion has been estimated to be 8 to 21 
drinks per day for at least 5 years before abnormalities in cardiac structure and function occur. 


Cocaine use is associated with chest pain, myocardial infarction, left ventricular hypertrophy, 
cardiomyopathy, aortic dissection, and cardiac arrhythmias. The adverse cardiac effects of 
cocaine seem to be exacerbated by concomitant use of tobacco or alcohol. The use of 


methamphetamine has been associated with cardiovascular complications similar to those 
associated with cocaine use. 


For physically inactive adults, the relative risk of a cardiovascular event is 1.5 to 2.4, an increase 
in risk comparable to other major risk factors such as smoking, high blood pressure, or high 
cholesterol levels. Only about 60% of adults report engaging in at least some physical activity for 
10 minutes or longer per session, and this percentage decreases with older age. 


The intravenous injection of any illicit drug is associated with a risk of infective endocarditis, 
particularly Staphylococcus aureus infection of the tricuspid valve resulting in tricuspid valve 
regurgitation. Although infection of the tricuspid valve is the most common site of involvement 
for endocarditis associated with injection drug use, infection of the mitral and aortic valves has 
been reported in 32% and 19%, respectively, of cases. 
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Extensions of the Physical Examination 


Introduction 
Structural Heart Disease 


Coronary Artery Disease 
Cardiac Arrhythmias 


Key Points 


Transthoracic echocardiography is the initial diagnostic test for suspected or known 
structural heart disease. 

Hand-held echocardiographic instruments may be helpful for triage when used by an 
appropriately trained and experienced individual. 

The appropriate diagnostic test for coronary artery disease is based on symptoms and an 
estimate of cardiovascular risk. 

Exercise and pharmacologic stress testing, using electrocardiography, echocardiography, 
or radionuclide myocardial perfusion imaging, remains the standard initial approach 
when coronary artery disease is suspected. 

Coronary angiography provides a definitive diagnosis of coronary artery disease severity 
and allows simultaneous intervention. 

The key to diagnosis of a cardiac arrhythmia is an ECG recorded during the event. 

Event monitors allow recording of infrequent but symptomatic arrhythmias. 

Syncope due to a cardiac arrhythmia is best evaluated with a loop recorder. 
Asymptomatic arrhythmias are best evaluated with a continuously monitored ECG, such 
as a 24-hour ambulatory ECG (frequent arrhythmias) or an implanted recorder 
(infrequent arrhythmias). 
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Introduction 


Although a clinical history and physical examination are essential for identification of cardiac 
disease, additional diagnostic testing is needed in most patients. An overview of the available 
diagnostic modalities is presented here. The appropriate diagnostic sequence in various clinical 
situations is presented in other sections. 
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Structural Heart Disease 


Structural heart disease is defined as any anatomic abnormality of the heart other than coronary 
artery disease. It usually is suspected based on clinical history or physical examination findings 
of a murmur or of heart failure. In adults with a murmur, cardiac auscultation is not sufficiently 
reliable to be the sole diagnostic modality for identifying the cause of a murmur, and it rarely 
provides information on disease severity. Electronic stethoscopes provide better sound quality 
than acoustic models and also allow recording and visual displays of the audio data, thus serving 
as a useful teaching tool. However, agreement among physicians for the identification of cardiac 
murmurs by auscultation is low and is not improved by either the use of an electronic 
stethoscope or clinical experience. Whereas a completely normal cardiac examination is 
reassuring and, conversely, a very loud murmur is clearly abnormal, the reliability of other 
findings is low for detection of structural heart disease. 


Transthoracic echocardiography typically is the initial diagnostic test in patients who present 
with evidence of a structural abnormality, such as a pathologic heart murmur or evidence of heart 
failure (Table 2). This test provides detailed information on left and right ventricular size and 
systolic function, valve anatomy and function, pulmonary pressures, the presence of pericardial 
disease, and the proximal great vessels. Transthoracic echocardiography is indicated for the 
following murmurs: 


e Any diastolic murmur 

e A systolic murmur grade 3/6 or louder 

e A murmur of any grade if associated with possible cardiac symptoms or a history of 
cardiac disease 


A normal flow murmur occurs with increased cardiac output, for example, in a patient with fever 
or anemia. A flow murmur also is present in more than 80% of normal pregnant women. 
Echocardiography is not needed for evaluation of these soft midsystolic murmurs in the absence 
of symptoms or other signs of cardiac disease. In addition, current guidelines do not recommend 
endocarditis prophylaxis in patients with native cardiac valve disease; therefore, even if mild 
valve disease were present, echocardiography would not change clinical management. 


In patients with heart failure symptoms, some physical examination findings are useful when 
present; for example, an S3 has a 95% specificity for a left-ventricular ejection fraction below 
50% or a filling pressure greater than 15 mm Hg. However, heart failure cannot be excluded in 
the absence of an S; because sensitivity is only 30% to 50%. In addition, physical examination 
does not provide quantitative measures of ventricular function. In contrast, echocardiography 
provides quantitation of ventricular systolic function, assessment of other hemodynamic 
consequences (such as mitral regurgitation and pulmonary hypertension), and often provides 
clues to the cause of heart failure. 


Smaller, hand-held echocardiographic instruments can be used for limited bedside imaging in 
patients with chest pain, dyspnea, or other cardiac symptoms. This approach can assist in triage; 


for example, differentiating the chest pain patient with a large anterior myocardial infarction 
from the one with a pericardial effusion. However, these instruments must be used by trained 
providers and in appropriate clinical situations. When in doubt, a standard echocardiographic 
study should be requested as well. 


Transesophageal echocardiography is appropriate when transthoracic images are nondiagnostic 
and as the initial imaging test in some clinical situations, such as detection of left atrial thrombus, 
evaluation of prosthetic mitral valve dysfunction, evaluation of suspected aortic dissection, and 
in patients with a moderate to high pretest probability of endocarditis. Advanced cardiac imaging 
procedures for structural heart disease include radionuclide angiography, cardiac catheterization, 
CT scanning, and cardiac magnetic resonance (CMR) imaging (see Table 2). Typically, these 
tests are considered only after echocardiographic evaluation and in consultation with a 
cardiologist. 


Table 2. Diagnostic Tests for Suspected or Known Structural 
Heart Disease 


Diagnostic Test | Major Indications Advantages Limitations 


Transthoracic Heart failure Accurate diagnosis of the Operator-dependent 
echocardiography presence and severity of data acquisition 
Cardiomyopathy structural heart disease 
Interpretation requires 
Valve disease Quantitation of left expertise 
ventricular size and function, 
Congenital heart pulmonary pressures, Variability in 
disease valvular stenosis and instrumentation 
regurgitation, and 
Pulmonary intracardiac shunts Image quality limits 
hypertension diagnosis in some 
No known adverse effects patients 
Aortic disease 
Widely available, portable, 
Pericardial disease fast 
Transesophageal Endocarditis High-quality images, Requires esophageal 
echocardiography especially of posterior intubation, typically 
Prosthetic valve cardiac structures with conscious 
dysfunction sedation 
Most accurate test for 
Aortic disease evaluation of endocarditis, 
prosthetic valves, and left 
Left atrial thrombus atrial thrombus 
Radionuclide Evaluation of left Quantitative ejection fraction Less accurate with 
angiography ventricular systolic measurements atrial fibrillation 


function 


Cardiac 
catheterization 


CMR imaging 


Chest CT 


Congenital heart 
disease 


Coronary angiography 


for coronary disease 
(see Table 3) 


Congenital heart 
disease 


Aortic disease 
Myocardial viability 


Myocardial disease 
(infiltrative, 
myocarditis, 
hypertrophic 
cardiomyopathy) 


Right ventricular 
cardiomyopathy 
(ARVC) 


Quantitation of left 


ventricular mass and 
function 


Aortic disease 


Coronary disease (see 
Table 3) 


Cardiac masses 


Pericardial disease 


Radiation exposure 


No data on other 
cardiac structures 


Direct measurement of Invasive 
intracardiac pressures 
Radiation exposure 
Contrast angiography 
provides visualization of Images are not 
complex cardiac anatomy tomographic, limiting 
evaluation of complex 
Allows percutaneous 3-D anatomy 
intervention for structural 
heart disease, often with 
intracardiac 
echocardiographic guidance 


High-resolution tomographic Limited availability 
imaging and blood-flow data and expertise 


Quantitative right ventricular Some patients 

volumes and ejection fraction experience 
claustrophobia 

No ionizing radiation or 

contrast May not be 
appropriate for 

Enables 3-D reconstruction patients with 


of aortic and coronary pacemaker, ICD, or 
anatomy other implanted 
devices 


High-resolution tomographic Contrast injection 
images 

Radiation exposure 
Enables 3-D reconstructions 
of aortic and coronary 
anatomy 


ARVC = arrhythmogenic right ventricular cardiomyopathy; CMR = cardiac magnetic resonance; 
ICD = implantable cardioverter-defibrillator. 
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Coronary Artery Disease 


The goals of physical examination in patients with suspected or known coronary artery disease 
(CAD) are to exclude noncoronary causes of chest pain, including aortic stenosis, hypertrophic 
cardiomyopathy, and aortic dissection; and to detect any signs of heart failure. Then, the most 
appropriate diagnostic test (Table 3) depends on the pretest probability of disease, estimated 
from the description of symptoms, age, and sex. 


The standard diagnostic approach in patients with suspected or known coronary artery disease 
continues to be history and physical examination followed by stress testing when appropriate. 
Exercise stress testing is preferred because it provides an objective measure of functional status 
in addition to detection of ischemia. In patients who cannot exercise, stress testing with 
pharmacologic agents that increase the heart rate—blood pressure product (such as dobutamine) 
or result in relative inequality in myocardial blood flow (such as adenosine) are appropriate. 
Exercise electrocardiographic (ECG) stress testing with ECG monitoring alone is appropriate 
when the resting ECG is normal. Any resting ST-segment changes reduce diagnostic accuracy, 
and ECG stress testing is not useful with conditions such as pre-excitation (Wolff-Parkinson- 
White syndrome), greater than 1-mm ST-segment depression, and left bundle branch block. 
Following an abnormal resting ECG or with pharmacologic stress testing, echocardiographic or 
nuclear imaging is needed. Based on a recent meta-analysis, echocardiographic and nuclear 
stress imaging are equivalent for the diagnosis of ischemia with a negative predictive value of 
98% for adverse cardiovascular outcomes over the next 3 years. 


Coronary angiography is appropriate when the stress test is consistent with CAD, particularly if 
there is a large area of myocardium at risk. In patients with a very high pretest probability of 
disease, coronary angiography is an appropriate initial diagnostic test. 


Newer diagnostic approaches for coronary disease include CT imaging, CMR imaging, and 
positron emission tomography (PET). CT can be used for measuring coronary artery calcium 
(CAC) and for noninvasive coronary angiographic imaging. CAC scores are measured from 
noncontrast CT images, whereas CT coronary angiography requires a radiocontrast agent and use 
of a high-resolution scanner, necessitating a higher radiation dose to the patient. 


The CAC score correlates with cardiovascular risk but is not a direct measure of the severity of 
luminal coronary disease, and CAC scores are not indicated for routine screening. CAC 
measurement may be considered in asymptomatic patients with an intermediate risk of CAD 
(10%-20% 10-year risk), because a high CAC score (>400) is an indication for more intensive 
preventive medical treatment. However, a low CAC score (score = 0) should not change intensity 
of treatment for cardiac risk factors. CAC scoring is not recommended in patients with low CAD 


risk (<10% 10-year risk of coronary events). In addition, CAC scores are not recommended in 
asymptomatic patients at high risk for CAD; these patients should receive appropriate risk factor 
reduction therapy. 


In symptomatic patients, CAC testing has a high negative predictive value (96%- 100%); 
therefore, a patient with a CAC score of zero is highly unlikely to have obstructive CAD. A CAC 
score below 100 confers a low probability of abnormal perfusion (<2%) or significant 
obstruction (<3%). CAC testing, therefore, may benefit patients with atypical cardiac symptoms 
to help rule out obstructive CAD, although there are no direct comparisons to other diagnostic 
approaches in this clinical setting. 


CT or CMR coronary angiography is appropriate for identification of anomalous coronary 
arteries. CT coronary angiography also is appropriate to evaluate coronary anatomy in a patient 
with new-onset heart failure and in patients with acute chest pain syndromes when the risk of 
CAD is intermediate but cardiac enzyme results are negative. CT coronary angiography or CMR 
pharmacologic stress testing may be considered in symptomatic patients with an intermediate 
probability of CAD when the ECG is abnormal at baseline, the patient is unable to exercise, or 
previous test results are equivocal. During CT angiography, additional noncardiac structures are 
also imaged, and significant noncardiac findings (for example, lung nodules and infiltrates, 
pulmonary embolism, hiatal hernia, and aortic dissection) are present in approximately 20% of 
patients. PET scanning has several advantages compared with conventional pharmacologic 
nuclear perfusion imaging using single-photon emission computed tomography (SPECT). 
Compared with SPECT, a PET study is shorter for the patient (45-90 minutes), results in a lower 
radiation dose, provides evaluation of both myocardial perfusion and function, and reduces 
interpretive uncertainty, particularly in obese patients. In addition, PET provides the option of 
quantification of absolute myocardial blood flow and can be combined with CAC scoring. 
Guidelines for diagnostic use of PET have not yet been established, but it is a reasonable option 
when other tests are not diagnostic. 


The risks in diagnostic evaluation for CAD include exposure to radiation (angiography, CT, and 
nuclear imaging) and to radiocontrast agents (angiography and CT imaging). The major risk of 
radiocontrast exposure is acute renal failure, which occurs in approximately 3% of patients 
undergoing coronary interventions but up to 25% of those with a baseline serum creatinine 
concentration greater than 2.0 mg/dL. 


Radiation exposure depends on patient body habitus, operator technique, procedure length, and 
the imaging system. Relative radiation exposure for coronary diagnostic imaging procedures is 
shown in Table 4. It is likely that radiation exposure with CT coronary angiography will 
decrease substantially with refinements in instrumentation and imaging protocols. 


Table 3. Diagnostic Tests for Suspected or Known Coronary 
Artery Disease 


Diagnostic Test Utility Advantages Limitations 
Exercise Testing 


ECG 


Echocardiography 


Nuclear myocardial 
perfusion 


Dobutamine 
echocardiography 


Initial test in most 
patients with suspected 
coronary disease 


Recommended when 
baseline ECG is 
abnormal or when 
information on the area 
of myocardium at risk 
is needed 


Recommended when 
baseline ECG is 
abnormal or when 
information on the area 
of myocardium at risk 
is needed 


Exercise testing provides 


Not useful when the 


data on exercise capacity, baseline ECG is 


blood pressure and heart 
rate response, and 
possible provoked 
symptoms 


Exercise data are 
acquired along with 
imaging for wall motion 
abnormalities that 
indicate ischemia 


Entire study is complete 
in <1 hour 


Technetium scanning 
provides improved 
specificity compared 
with thallium scanning 


Dual isotope studies can 
be completed in about 3 
hours 


Pharmacologic Stress Testing 


Recommended in 
patients who cannot 
exercise (e.g., due to 
arthritis, pulmonary 
disease) 


Dobutamine nuclear Recommended in 


perfusion 


Adenosine or 
dipyridamole 


patients who cannot 
exercise 


Recommended in 
patients who cannot 


Images are acquired 
continuously, allowing 
the test to be stopped as 
soon as ischemia is 
evident by 
echocardiography 


Diagnostic accuracy 
equivalent to 
echocardiography 


Nuclear perfusion 
preferred when echo 
image quality is 
suboptimal 

Late reperfusion imaging 
allows evaluation of 


abnormal 


Accuracy depends on 
pretest probability of 
disease 

Image quality is 
suboptimal in some 
patients but can be 
improved by use of 
echo-contrast 


Attenuation artifacts due 
to breast or diaphragm 


Radiation exposure 


Repeat imaging after 
several hours is needed 
for most nuclear 
perfusion studies unless 
a dual isotope protocol is 
used 


Contraindications to 
dobutamine stress are 
severe baseline 
hypertension and history 
of arrhythmias 


B-Blockers must be 
withheld before the test 


Contraindications to 
dobutamine stress are 
severe baseline 
hypertension and history 
of arrhythmias 


B-Blockers must be 
withheld before the test 
Contraindications 
include bronchospastic 


nuclear perfusion 


exercise and have 
contraindications to 
dobutamine 


Adenosine positron Provide best perfusion 


emission 
tomography 


Coronary 
angiography 


CAC testing 


Coronary CT 
imaging 


images in larger 
patients 


Provides data on 
myocardial perfusion 
and function 


myocardial viability 


Study duration is shorter 
and radiation dose is 
lower than conventional 
nuclear perfusion 
imaging 

Absolute myocardial 
blood flow can be 


measured 


Can be combined with 


coronary calcium scoring 


Other Tests 
Definitive diagnosis of Percutaneous 


the presence and 
severity of CAD 


CAC testing is 
reasonable in 
asymptomatic patients 
at intermediate risk of 
CAD 


Identifies anomalous 
coronary arteries 


Useful in selected 
patients with an 
intermediate risk of 
CAD 


revascularization can be 
performed following the 
diagnostic study 


CAC scores are 
predictive of 
cardiovascular risk 


Coronary artery vessel 


lumen and atherosclerotic 


airway disease and 
theophylline use 


Caffeine must be 
withheld before the test 


Baseline 2nd-degree 
heart block is a 
contraindication to 
adenosine 


Not widely available 
More expensive 


Pharmacologic stress 
only (no exercise) 


Invasive 
Radiation exposure 


Risks of contrast dye 
(renal dysfunction, 
allergy) 


Radiation exposure 


Does not provide data on 
coronary luminal 
narrowing 


Radiation exposure 


lesions can be visualized Risks of contrast agent 


in detail 


Requires high-resolution 
(64-slice) CT 
instruments 


Does not provide 
detailed images of distal 


vessel anatomy 


Catheterization still 
needed for intervention 
when disease is present 


CMR imaging Gadolinium-enhanced More accurate test for Some patients 
images accurately myocardial viability experience 
identify viable and claustrophobia 


infarcted myocardium 
May not be appropriate 


Identification of for patients with 
anomalous coronary pacemaker, ICD, or 
arteries other implanted devices 


CAC = coronary artery calcium; CAD = coronary artery disease; CMR = cardiac magnetic 
resonance; ECG = electrocardiography; ICD = implantable cardioverter-defibrillator. 


Table 4. Relative Radiation Exposure for Diagnostic 
Imaging for Coronary Artery Disease 


Procedure Relative Exposure" 
Stress echocardiography 0 
Cardiac magnetic resonance coronary angiography 0 
Coronary artery calcium score 20-40 
Coronary angiography (diagnostic) 200-500 
Nuclear perfusion imaging 100-500 


Positron emission tomographic perfusion imaging 100-400 
CT coronary angiography 700-2100 


“Compared with the exposure with a chest radiograph (set at 1). 
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Cardiac Arrhythmias 


In a patient with palpitations, dizziness, syncope, or a known arrhythmia, clinical history is the 
primary determinant of the diagnostic approach. Physical examination is directed toward 
detection of underlying structural heart disease. For patients whose history suggests a cardiac 
cause of syncope, after echocardiography is performed to evaluate for underlying structural heart 
disease, the key diagnostic test is an ECG recorded during the clinical event. In most patients, a 
resting ECG is not helpful; however, there are exceptions, such as the presence of a delta wave 


or a long QT interval. There are several approaches to recording an intermittent arrhythmia; the 
most appropriate test is based on the frequency and duration of symptoms (Table 5). For 
infrequent arrhythmias that are brief or that prevent the patient from activating the monitoring 
device (such as syncope), a loop recorder is helpful. Some loop recorders can be set to save data 
based on heart rate parameters. 


If an arrhythmia cannot be captured on ECG during an event using standard event monitors or 
loop recorders, an implantable recorder can be used. This small device is surgically placed 
subcutaneously, similarly to a pacemaker, but there are no leads in the heart chambers. 
Recording parameters are set based on heart rate and QRS width, and, like a pacemaker, the 
device can be interrogated noninvasively. 


Table 5. Diagnostic Tests for Suspected or Known Cardiac 
Arrhythmias 


Diagnostic Test Utility Advantages Limitations 
Resting ECG Initial diagnostic test 12-lead ECG recorded Most arrhythmias are 
in all patients during the arrhythmia often intermittent and not 
identifies the specific recorded on a resting 
arrhythmia ECG 
Ambulatory (24- Frequent (at least Records every heart beat Not helpful when 
hour) ECG daily) asymptomatic during a 24-hour period for arrhythmia occurs less 
or symptomatic later analysis frequently 
arrhythmias 
Patient log allows ECG leads limit patient 


correlation with symptoms activities 


Exercise ECG Arrhythmias Allows diagnosis of Physician supervision 
provoked by exercise exercise-related arrhythmias needed in case a serious 
arrhythmia occurs 
Allows correlation with 
exercise response Most arrhythmias are 
not exercise related 


Event monitor Infrequent Small, pocket-sized recorder Only useful for 
symptomatic is held to the chest when symptomatic 
arrhythmias that last symptoms are present arrhythmias that persist 
more than 1-2 long enough for patient 
minutes Recorded data are sent by to activate the device 


phone to physician’s office 
Arrhythmia onset not 
recorded 


Not useful for syncope 


Loop recorder Infrequent Continuous ECG signal is ECG leads limit patient 
symptomatic brief recorded with the previous activities 


arrhythmias 30 seconds to 2 minutes 


saved when the patient Device records only 
Syncope activates the recording mode when activated by 
patient 
Arrhythmia onset is 
recorded 
Implanted recorder Infrequent Long-term continuous ECG Invasive procedure with 
asymptomatic or monitoring some risk 
symptomatic 
arrhythmias Specific heart rate or QRS Device must be 
parameters can be set to explanted later 


initiate recording of data 


Electrophysiology Primarily used for The origin and mechanism Invasive procedure with 


study 


treatment (e.g. of an arrhythmia can be some risk 

catheter ablation), precisely defined 

not for diagnosis Time consuming and 
expensive 


ECG = electrocardiogram. 
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Coronary Artery Disease 


Risk Factors for Coronary Artery Disease 
Chronic Stable Coronary Artery Disease 


Acute Coronary Syndromes 
Coronary Artery Disease in Women 


Coronary Artery Disease in Patients with Diabetes Mellitus 


Key Points 


Risk factors for developing coronary artery disease include older age, male sex, elevated 
blood pressure, high serum cholesterol, cigarette smoking, and diabetes mellitus. 

The Framingham risk score is useful to evaluate whether a patient is at low, intermediate, 
or high risk of a coronary artery disease event in a 10-year period 
(http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=prof). 

The benefit of assessing conditional risk factors for coronary artery disease (CAD), such 
as high-sensitivity C-reactive protein level, LDL particle size, lipoprotein(a), and 
homocysteine level in risk evaluation, has not been determined, and these tests are not 
recommended for routine screening for determining CAD risk. 


Noninvasive stress testing is most useful in patients with an intermediate pretest 
probability of coronary artery disease as determined by the patient’s age, sex, and 
description of the chest pain. 

Exercise electrocardiogram (ECG) is the preferred noninvasive test for patients who can 
exercise and have a normal resting ECG (that is, absence of left bundle branch block, <1 
mm ST-segment depression, and no evidence of preexcitation). 

B-Blockers are first-line therapy for patients with chronic stable angina as well as those 
with a history of myocardial infarction. 

Patients with chronic stable coronary artery disease and without contraindications should 
take aspirin. 

Patients with reduced left ventricular ejection fraction (<35%) should be treated with an 
angiotensin-converting enzyme inhibitor. 

Statins should be given to most patients with established coronary artery disease. 
Percutaneous coronary intervention reduces the frequency and severity of angina but not 
future cardiovascular events; it should be reserved for patients with continued symptoms 
despite optimal medical therapy. 

Surgical revascularization is indicated for left main coronary artery disease and 
multivessel coronary artery disease with involvement of the left anterior descending 
coronary artery and reduced ejection fraction. 

Patients with medically refractory angina may benefit from external enhanced 
counterpulsation or spinal cord stimulation. 

Clopidogrel should be continued for a minimum of | year following drug-eluting stent 
placement and for a minimum of 1 month following bare metal stent placement. 

The risk of coronary stent thrombosis is approximately 0.7% and is increased with the 
premature discontinuation of dual antiplatelet therapy (aspirin and clopidogrel). 

Patients who must undergo noncardiac surgery that cannot be delayed to allow 
completion of dual antiplatelet therapy should continue aspirin during the perioperative 
period and restart clopidogrel as soon as possible following the procedure. 

All unstable angina/non-ST-elevation myocardial infarction patients without 
contraindications should be treated initially with aspirin, B-blockers, and nitrates. 
Unstable angina or non—ST-elevation myocardial infarction patients with TIMI risk 
scores of 3 or more generally benefit from an early invasive approach. 

All unstable angina/non-ST-elevation myocardial infarction patients without 
contraindications should be given antiplatelet therapy with aspirin and clopidogrel. 
Unstable angina/non—ST-elevation myocardial infarction patients should receive early 
treatment with high-dose statins to achieve a target LDL cholesterol of less than 100 
mg/dL (2.6 mmol/L) (optional goal <70 mg/dL [1.8 mmol/L]). 

ST-elevation myocardial infarction patients presenting to a hospital with percutaneous 
coronary intervention (PCI) capability should be treated with primary PCI within 90 
minutes of first medical contact; those presenting to a hospital without PCI capability and 
who cannot be transferred to a PCI center and undergo PCI within 90 minutes should be 
treated with fibrinolytic therapy. 

Initial medical therapy for ST-elevation myocardial infarction includes general treatment 
measures (aspirin, analgesics, nitrates, and oxygen), therapy to reduce infarct size (B- 
blockers and angiotensin-converting enzyme inhibitors), antithrombotic therapy 


(unfractionated or low-molecular-weight heparin), and antiplatelet therapy (clopidogrel 
and glycoprotein IIb/IIIa inhibitors). 

e Clopidogrel should be added to standard medical and thrombolytic therapy, as it further 
reduces cardiovascular events without a significant increase in bleeding. 

e Early complications after ST-elevation myocardial infarction include failure of 
thrombolytic therapy. 

e Treadmill exercise electrocardiographic testing has a higher false-positive rate in women 
than men but remains the first-line noninvasive test for women with suspected coronary 
artery disease because of the low false-negative rate. 

e Women with myocardial infarction treated with fibrinolytic, antiplatelet, and/or 
antithrombotic therapies have a higher rate of bleeding complications compared with 
men, and appropriate dosing of these medications should be based on patient weight and 
estimated glomerular filtration rate. 

e An early invasive strategy in women with unstable angina or non—ST-elevation 
myocardial infarction and high-risk features reduces major adverse cardiac events, but 
this approach in women with low risk features may be associated with an early excess 
risk. 

e In patients with diabetes who experience angina, exercise electrocardiographic testing has 
similar diagnostic sensitivity and specificity as for nondiabetic patients. 

e Although patients with diabetes mellitus are more likely to have coronary artery disease 
without symptoms (silent ischemia), outcome data do not support routine stress testing in 
asymptomatic patients. 
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Risk Factors for Coronary Artery Disease 


Between 1980 and 2000, the age-adjusted death rate for coronary artery disease (CAD) 
decreased, and based on changes in mortality and estimated treatment effects, approximately 
44% of this decrease was attributed to changes in risk factors. 
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Conventional Risk Factors 


The Framingham risk score was derived from a 30-year prospective, population-based study of 
5209 men and women who were between 30 and 59 years of age at study entry. This study found 
that the risk of developing CAD is associated with older age, male sex, elevated blood pressure, 
high serum cholesterol levels, cigarette smoking, and diabetes mellitus. One or more of these risk 
factors is present in more than 90% of persons who experience a coronary disease event. This 
risk score was modified by the National Cholesterol Education Program Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP IID) by defining 
diabetes, atherosclerosis in other vascular beds, or prior stroke as CAD equivalents, rather than 


risk factors. The updated score encompasses a greater age range (20-79 years) than the original 
Framingham score and incorporates smoking and total serum cholesterol levels as well as 
treatment for hypertension. A Framingham risk calculator can be accessed at the National 
Cholesterol Education Program web site 
(http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=prof). A family history of premature 
CAD (defined as CAD in a first-degree male relative <55 years of age or female relative <65 
years of age) augments the risk of these other factors. 


The Framingham risk score was derived in a predominantly white cohort, and thus may not 
extrapolate to other populations. For some sex-age groups in the Framingham study, the number 
of events was low, resulting in imprecise estimation of risk in those groups. The risk score 
estimates the probability of developing CAD within a 10-year period but may not accurately 
reflect the long-term risk of disease in young patients. The Framingham/ATP III score also has 
limited predictive accuracy for patients with chronic kidney disease, and the American Heart 
Association has proposed that patients with estimated glomerular filtration rate below 60 
mL/min/1.73 m? or any proteinuria detected by dipstick be considered among the highest risk 
groups for cardiovascular disease. 


The metabolic syndrome, which consists of insulin resistance, hypertension, elevated 
triglycerides, low HDL cholesterol, and obesity, has been found to confer an approximately two- 
fold greater risk of CAD—even in persons without diabetes—and emphasizes the detrimental 
effects of obesity on CAD risk. However, it appears that the metabolic syndrome in itself does 
not confer an independent risk beyond that associated with the specific individual risk factors 
that comprise this syndrome. 
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Conditional Risk Factors 


Factors that have an association with an increased risk of CAD but have not been confirmed to 
be causative or independent have been termed emerging or conditional risk factors and are 
broadly characterized as potential promoters of atherosclerosis, arterial vessel injury, and 
thrombosis. One conditional risk factor is homocysteine, an intermediate amino acid in 
methionine metabolism, which may be elevated owing to genetic variation in metabolic 
enzymes. Although studies have found an association between serum homocysteine level and 
risk of CAD, large randomized studies of folic acid supplementation, which can reduce 
homocysteine levels, have not demonstrated a reduction in CAD events. Lipoprotein(a) [Lp(a)] is 
a circulating lipoprotein that resembles LDL cholesterol with the addition of a glycoprotein, 
apolipoprotein A. Plasma Lp(a) levels vary widely in the general population and have been 
associated with an increased risk of CAD in many observational studies. However, measurement 
of Lp(a) is not standardized, few pharmacologic agents lower its level, and no outcome studies 
have shown that lowering Lp(a) level reduces risk of CAD events. 


The use of conditional risk factors for risk assessment is currently based on clinical judgment 
rather than validated risk estimates and includes markers of inflammation and LDL cholesterol 


particle size. The most widely studied inflammatory marker is C-reactive protein (CRP), an 
acute-phase reactant that is present in low concentrations in healthy persons. Cohort studies of 
healthy persons have shown that the concentration of CRP measured by high-sensitivity assay 
(hs-CRP) directly correlates with future risk of CAD independent of conventional risk factors 
(low risk <0.1 mg/dL [1.0 mg/L]; average risk 0.1-0.3 mg/dL [1.0-3.0 mg/L]; high risk >0.3 
mg/dL [3.0 mg/L]). Recent studies suggest that patients with high hs-CRP levels have only a 
modestly increased risk for CAD events after adjusting for multiple other risk factors. The 
American Heart Association and Centers for Disease Control and Prevention do not recommend 
routine measurement of hs-CRP. It may help to guide primary preventive interventions in 
patients with an intermediate (10%-20%) risk of future CAD events based on the Framingham 
risk score. Measurement of hs-CRP has been found to reclassify up to 30% of intermediate-risk 
patients as either low- or high-risk. 


In JUPITER, a primary prevention study, patients with hs-CRP greater than or equal to 0.2 
mg/dL (2.0 mg/L) but LDL cholesterol below 130 mg/dL (3.4 mmol/L) and few other CAD risk 
factors (for example, diabetes was an exclusion criterion) were randomized to high-dose 
rosuvastatin therapy. The median age of the study population was 66 years. After less than 2 
years, the results demonstrated a significant reduction in first cardiovascular events in the statin 
arm (hazard ratio for rosuvastatin, 0.56). However, because an elevated hs-CRP level was the 
main inclusion criterion, this study did not evaluate whether routine evaluation of hs-CRP level 
improved outcome. 


Increased LDL cholesterol levels are an accepted risk factor for CAD, with an approximate 2% 
to 3% increase in risk for CAD events for every 1% increase in LDL cholesterol level. Working 
from the hypothesis that direct measurement of the total number of atherogenic particles may be 
superior to LDL cholesterol level alone for assessing risk, a study by Ingelsson and colleagues 
found that measurement of apolipoprotein B did not improve prediction of CAD compared with 
measurement of LDL cholesterol. 


Retrospective studies have reported an association between smaller LDL particle size and risk of 
CAD, but the association is weaker after adjustment for other lipoprotein levels. Treatment with 
fibrates and niacin increases LDL particle size, whereas statins lower the number of LDL 
particles. Additional studies are required to determine whether LDL particle size determination 
consistently improves risk stratification and whether increasing particle size results in fewer 
CAD events. 


Multiple randomized studies of antioxidant therapies, including vitamin E, vitamin C, and B- 
carotene, in patients after myocardial infarction or at high risk of cardiovascular disease, have 
found no benefit for lowering the risk of cardiovascular disease morbidity or mortality. 
Therefore, the use of these supplements for the prevention of cardiovascular disease is not 
recommended. Increased intake of omega-3 fatty acids, found in fish, has been found to be 
associated with lower risk of cardiovascular disease in observational cohorts (primary 
prevention), but the effect of supplemental intake is not well defined. Although fish or fish oil 
consumption is recommended as part of a “heart healthy” diet, the benefit of supplementation 
has not been clearly shown. 
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Cardiovascular Risk Reduction 


The U.S. Preventive Services Task Force recommends that aspirin therapy be considered in men 
ages 45-79 years for primary prevention of cardiovascular disease if the benefits of therapy 
outweigh the risks of gastrointestinal bleeding. Other therapies to reduce risk include control of 
hypertension (see MKSAP 15 Nephrology) and treatment of hyperlipidemia (see MKSAP 15 
General Internal Medicine). 


Although treatment of cardiovascular risk factors has resulted in a substantial reduction in the 
death rate from CAD, lack of physical activity and increases in BMI on a population level have 
attenuated this benefit. Lifestyle factors such as smoking cessation, a healthy diet, regular 
exercise, and weight loss (to BMI <25) are important interventions for reducing the risk of CAD 
events. A recent study of more than 54,000 persons found that the presence of behavioral 
lifestyle risk factors contribute to the risk of acute coronary syndromes in an additive manner. 
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Cardiovascular Disease and Depression 


The prevalence of depression is substantially increased in persons with cardiovascular disease, 
and the presence of depression is independently associated with worse outcomes. All CAD 
patients should be periodically screened for depression with a simple two-item screening test: 
Over the past 2 weeks, have you been bothered by any of the following problems? (1) Little 
interest or pleasure in doing things; (2) Feeling down, depressed, or hopeless. If the answer is 
“yes” to either question, the patient should be referred for more comprehensive clinical 
evaluation for depression. Selective serotonin reuptake inhibitors are safe and effective in 
patients with depression and CAD; however, whether treatment of depression in CAD reduces 
cardiovascular events or mortality is unknown. 
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Chronic Stable Coronary Artery Disease 


Diagnosis of Coronary Artery Disease 
Medical Treatment of Chronic Stable Coronary Artery Disease 


Coronary Revascularization 
Medically Refractory Angina 


Follow-Up Care 
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Diagnosis of Coronary Artery Disease 


A variety of noninvasive stress tests are available to determine whether a patient with 
cardiovascular symptoms has CAD. The decision to order a specific stress test is based upon: (1) 
the pretest probability of CAD; (2) the ability of the patient to exercise; (3) findings on the 
resting electrocardiogram (ECG); and (4) the presence of comorbid conditions such as reactive 
airways disease (Figure 2). The pretest probability of CAD can be estimated using an approach 
that incorporates the patient’s age, sex, and description of the chest pain (Table 6). For patients 
with a low pretest probability of CAD, diagnostic stress testing is not useful; noninvasive stress 
testing provides the most useful information for patients with an intermediate pretest probability 
of CAD. 


Exercise testing is preferred over pharmacologic stress testing. Absolute contraindications to 
exercise stress testing include recent myocardial infarction or unstable angina (within 48 hours), 
uncontrolled arrhythmias, symptomatic severe aortic stenosis, decompensated heart failure, acute 
pulmonary embolism, and acute aortic dissection. In addition, patients unable to exercise because 
of physical limitations such as arthritis, severe pulmonary disease, or physical deconditioning 
may undergo pharmacologic stress testing. Pharmacologic stress agents include dobutamine, 
dipyridamole, and adenosine (see Extensions of the Physical Examination). Patients with a 
markedly abnormal stress test (see Figure 2) have a higher incidence of multivessel and left main 
arterial disease, and should therefore be referred for coronary angiography. 


Patients with a high pretest probability of CAD should begin empiric medical therapy. Stress 
testing in these patients may be useful to establish the effectiveness of current medical therapy, 
to obtain an objective measure of exercise capacity, and to evaluate the extent and severity of 
ischemia. Stress testing also has a role in selected patients to aid in preoperative risk assessment 
prior to noncardiac surgery. 


Coronary angiography should be reserved for patients with chronic CAD who have lifestyle- 
limiting angina despite medical therapy, markedly positive results on noninvasive stress testing, 
successful resuscitation from sudden cardiac death, or documented ventricular tachycardia. 
Coronary angiography can also be considered in patients with nonspecific chest pain who have 
had recurrent hospitalizations, in order to completely exclude CAD as a cause for the current 
symptoms. 


Coronary calcium testing may be considered in asymptomatic persons with a 10% to 20% 
Framingham 10-year risk category (moderately high risk) and in young persons with a strong 
family history of premature cardiovascular disease. 


The diagnostic accuracy of CT angiography to detect obstructive CAD is approximately 90%; 
accuracy is reduced with distal lesions. Given that CT angiography provides no functional 
information (that is, the extent of ischemia), a markedly abnormal study should be followed by 
referral to coronary angiography or stress testing to determine the ischemic burden. Recent 


consensus guidelines suggest that the benefits of CT angiography are greatest in symptomatic 
patients with an intermediate pretest probability of CAD. 
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Criteria for Markedly Positive Test 

Significant ST segment J at low work load, ST segment 7, hypotension 

TID or lung uptake of thallium, ischemia in >2 vascular distributions, EF <35% 
EF <35% at rest, ischemia in >2 vascular distributions, fall in EF with stress 


Figure 2. Diagnosis of Coronary Artery Disease. 


CAD = coronary artery disease; ECG = electrocardiogram; EF = ejection fraction; TID = 


transient ischemic dilation. 


Table 6. Clinical Assessment of Pretest Probability of 
Coronary Artery Disease 


Pretest Probability 


Age (years) Sex Typical Chest Pain? Atypical Chest Pain? Nonanginal Chest Pain‘ 


30-39 Male 


Female Intermediate 


Intermediate 


Intermediate Low 


Low Low 


40-49 Male High Intermediate Intermediate 
Female Intermediate Low Low 

50-59 Male High Intermediate Intermediate 
Female Intermediate Intermediate Low 

60-69 Male High Intermediate Intermediate 
Female High Intermediate Intermediate 


“Typical chest pain has three components: (1) substernal chest pain or discomfort; (2) provoked 
by exertion or emotional stress; (3) relieved by rest and/or nitroglycerin. 


P Atypical chest pain has two of the above three components for typical chest pain. 
“Nonanginal chest pain has none of the above components for typical chest pain. 


Data from Diamond GA, Forrester JS. Analysis of probability as an aid in the clinical diagnosis 
of coronary-artery disease. N Engl J Med. 1979;300(24):1350-1358. [PMID: 440357] 


PreviousNext 


Medical Treatment of Chronic Stable Coronary Artery 
Disease 


Medical therapy remains the cornerstone of long-term treatment for patients with chronic stable 
angina regardless of whether coronary artery revascularization is performed (Figure 3). Medical 
therapy for chronic stable CAD can be classified as antianginal or vascular protective. 
Antianginal medications improve exercise duration until the onset of angina; reduce the severity 
and frequency of anginal episodes; and improve objective measures of ischemia, such as time to 
the onset of exercise-induced ST-segment depression. Vascular-protective medications may 
reduce the progression of atherosclerosis and may also potentially stabilize coronary plaques, 
thereby reducing plaque rupture and subsequent cardiovascular events. 


Chronic stable angina 


Aspirin (at least 75 mg/d) 
B-Blocker 

Long-acting nitrate 
Statin 


Continued symptoms 


* Increase dose of B-blocker 
= Increase dose of long-acting nitrate 
= Add calcium channel blocker (if not already receiving) 


Continued symptoms and 
impaired quality of life 


= Optimize long-acting nitrate, B-blocker, and 
calcium channel blocker 


* Consider ranolazine 
* Referral for coronary angiography 


Coronary anatomy suitable for 
PCI or surgical revascularization? 


Medically refractory angina 
* External enhanced counterpulsation® 
= Spinal cord stimulation? 


Revascularize 


Figure 3. Management of Chronic Stable Angina. 


PCI = percutaneous coronary intervention. 


“Not recommended by current guidelines. 
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Antianginal Medications 


e -Blockers 


e Calcium Channel Blockers 
e Nitrates 
e Ranolazine 
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B-Blockers 


B-Blockers are first-line therapy in patients with chronic stable angina. For patients with a history 
of myocardial infarction, even if they do not have angina or have undergone coronary artery 
revascularization, Đ-blockers reduce mortality by approximately 20%. Despite concerns about 
the use of cardioselective B-blockers in patients with reactive airways disease, peripheral 
vascular disease, and diabetes mellitus, these agents are well tolerated in most patients. Absolute 
contraindications to B-blockers include severe bradycardia, advanced atrioventricular block, 
decompensated heart failure, severe depression, and severe reactive airways disease. Potential 
side effects of B-blockers include impaired sexual function, reduced exercise capacity, 
bradycardia, and generalized fatigue. 
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Calcium Channel Blockers 


For patients with absolute contraindications to B-blockers, a calcium channel blocker should be 
initiated as first-line therapy. Patients with chronic stable angina can be treated with calcium 
channel blockers if they are unable to tolerate B-blockers or if symptoms are inadequately 
controlled with B-blockers. Side effects of calcium channel blockers include peripheral edema, 
dizziness, headache, and constipation. Bradycardia and heart block can occur in patients with 
significant conduction system disease. In those with severe systolic dysfunction, calcium channel 
blockers can worsen or precipitate heart failure. Short-acting preparations of calcium channel 
blockers have been associated with an increased risk of myocardial infarction and perhaps 
mortality. Nondihydropyridine agents, such as verapamil and diltiazem, have a greater effect on 
myocardial contractility and conduction; dihydropyridine agents, such as nifedipine, amlodipine, 
felodipine, and isradipine, exert relatively more effect on vasodilation. 
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Nitrates 


Chronic nitrate therapy must be administered in such a manner as to avoid nitrate tolerance, 
which is defined as the loss of the hemodynamic and antianginal effects that occurs during 
prolonged nitrate therapy. The only accepted method to prevent nitrate tolerance is to include a 


“nitrate-free” period, with nitrates not used for 8 to 12 hours once each day, typically during the 
overnight period. All patients with chronic stable angina should carry either sublingual or a spray 
form of nitroglycerin for emergency use. Contraindications to the routine use of nitroglycerin are 
severe symptomatic aortic stenosis and hypertrophic cardiomyopathy. 


Phosphodiesterase type 5 (PDE-5) inhibitors used for erectile dysfunction (tadalafil, vardenafil 
HCI], sildenafil citrate) relax vascular smooth muscle cells and potentiate the hypotensive effects 
of nitrates. For patients using nitrates in any form, either on a daily basis or intermittently, PDE- 
5 inhibitors are therefore contraindicated. 
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Ranolazine 


Ranolazine is a novel antianginal agent that causes selective inhibition of the late sodium channel 
and was recently approved for the treatment of chronic stable angina. In randomized studies of 
patients with continued angina despite optimal doses of conventional agents, ranolazine reduced 
both the frequency of angina and the use of nitroglycerin. Ranolazine should be considered in 
patients who remain symptomatic despite optimal doses of B-blockers, calcium channel blockers, 
and nitrates. Common side effects of ranolazine include dizziness, headache, constipation, and 
nausea. Ranolazine is metabolized in the liver by the cytochrome P-450 system and its use is 
therefore contraindicated in patients with hepatic impairment, those with baseline prolongation 
of the QT interval, and those taking other drugs that inhibit the cytochrome P-450 system. 
Diltiazem and verapamil increase serum levels of ranolazine, and combined use of ranolazine 
with either of these agents is contraindicated. 


PreviousNext 


Vascular-Protective Medications 


e Aspirin 

e Clopidogrel 

e Angiotensin-Converting Enzyme Inhibitors 
e Statins 
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Aspirin 


Meta-analyses of patients with chronic stable angina have shown that the use of aspirin reduces 
the risk of stroke, myocardial infarction, sudden death, and vascular death by 33%. In the chronic 
setting, the appropriate dose of aspirin for secondary prevention should be at least 75 mg/d. 
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Clopidogrel 


Although clopidogrel is beneficial in patients with acute coronary syndromes, its role in the long- 
term management of patients with chronic stable angina is less clear. The Clopidogrel versus 
Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial included a proportion of patients 
with chronic stable angina and found clopidogrel to be superior to aspirin alone in reducing the 
composite end point of stroke, myocardial infarction, or vascular death. However, the recently 
reported Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management 
and Avoidance (CHARISMA) trial found only a possible benefit of clopidogrel in reducing 
myocardial infarction, stroke, and cardiovascular death in patients with chronic stable angina. 
Given that the clinical benefit was small and bleeding events were increased, the routine use of 
clopidogrel in patients with chronic stable angina remains controversial. 
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Angiotensin-Converting Enzyme Inhibitors 


For patients with CAD and preserved left ventricular systolic function (normal ejection fraction), 
angiotensin-converting enzyme (ACE) inhibitors have been found to reduce cardiovascular 
mortality and all-cause mortality by 17% and 13%, respectively. The same meta-analysis found 
that nonfatal myocardial infarction and revascularization rates were reduced by 16% and 7%, 
respectively. These findings translate into the need to treat 100 patients for approximately 4 
years to prevent one cardiovascular event (death, nonfatal myocardial infarction, or coronary 
revascularization procedure). For patients with reduced left ventricular systolic function, ACE 
inhibitors provide a more substantial benefit and reduce death or myocardial infarction and all- 
cause mortality by 23% and 20%, respectively. To avoid one death, 15 patients would need to be 
treated for approximately 2.5 years. 


Contraindications to ACE inhibitors include pregnancy, a history of angioedema or anuric renal 
failure during previous exposure to an ACE inhibitor, and severe hypotension. A baseline serum 
creatinine level above 2.5 mg/dL (191 umol/L) should be considered a relative contraindication 
to use of an ACE inhibitor. A nonproductive cough is the most common side effect of an ACE 
inhibitor and occasionally requires substituting an angiotensin receptor blocker. 
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Statins 


In patients with established CAD, statins reduce future cardiovascular events, including 
myocardial infarction and death, by approximately 25% to 30%. The benefits of statins are 


proportional to the level of LDL cholesterol reduction. Current guidelines specify an LDL 
cholesterol target level of less than 100 mg/dL (2.6 mmol/L) for patients with CAD or CAD- 
equivalent disease, with an optional goal of less than 70 mg/dL (1.8 mmol/L) for patients at very 
high risk. 


Statins are generally well tolerated but require monitoring of liver enzyme levels at the initiation 
of therapy and with any change in dose. A moderate elevation in liver enzyme values (>3 times 
the normal level) occurs in approximately 3% of patients treated with high-dose statins (for 
example, atorvastatin, 80 mg/d). Decisions regarding stopping a statin and switching to another 
agent are based on expert opinion and clinical circumstances. Serious side effects, such as 
myositis and rhabdomyolysis, are extremely rare. 
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Coronary Revascularization 


e Percutaneous Coronary Intervention 
e Coronary Artery Bypass Grafting 
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Percutaneous Coronary Intervention 


Although percutaneous coronary intervention (PCI) reduces both the frequency and severity of 
angina and improves overall quality of life in patients with chronic stable CAD, it does not 
reduce future cardiovascular events nor does it improve survival. The Clinical Outcomes 
Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial found that PCI 
combined with aggressive medical therapy was not superior to aggressive medical therapy alone. 
PCI should, therefore, be reserved for patients who remain symptomatic despite optimal medical 
therapy. One exception to this approach may be in patients with significant silent ischemia 
diagnosed by noninvasive stress testing. The Swiss Interventional Study on Silent Ischemia Type 
II (SWISS II) randomized patients with a recent myocardial infarction or silent myocardial 
ischemia on stress imaging and one- or two-vessel CAD by coronary angiography to receive 
either medical therapy or PCI. Although the PCI group received balloon angioplasty only (no 
coronary stents), there was a significant reduction in long-term major cardiac events (10-year 
follow-up) and an improvement in left ventricular function compared with those who received 
medical therapy. 
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Coronary Artery Bypass Grafting 


Surgical revascularization is indicated for patients with left main CAD and multivessel disease 
(two- or three-vessel) with involvement of the left anterior descending coronary artery and 
reduced systolic function (Table 7). Patients with diabetes who have multivessel CAD have a 
mortality benefit from surgery compared with PCI when they receive a left internal mammary 
artery bypass graft. 


In about 10% of patients, traditional coronary artery bypass surgery with median sternotomy and 
use of a cardiopulmonary bypass machine results in excessive pain, prolonged hospital stay, or 
postoperative neurologic dysfunction. For patients with significant comorbid conditions, off- 
pump and minimally invasive surgery may reduce operative risk and improve recovery times. 
Hybrid coronary revascularization refers to the combination of minimally invasive surgery and 
PCI and attempts to further reduce operative risk by taking advantage of both surgical and 
interventional techniques. 


Table 7. Class I Indications for CABG in Patients with 
Stable Angina* 


CABG is recommended in patients who have: 
Significant left main coronary artery stenosis 


Left main coronary artery equivalent disease: >70% stenosis of proximal LAD and proximal left 
circumflex artery 
Three-vessel disease 
Two-vessel disease with significant proximal LAD stenosis and either ejection fraction <50% or 
demonstrable ischemia on noninvasive testing 

CABG is beneficial in patients who have: 
One- or two-vessel disease without significant proximal LAD stenosis but with a large area of 
viable myocardium and high-risk criteria on noninvasive testing 
Developed disabling angina despite maximal noninvasive therapy, when surgery can be 
performed with acceptable risk (if angina is not typical, objective evidence of ischemia should be 
obtained) 


CABG = coronary artery bypass grafting; LAD = left anterior descending coronary artery. 


“Class I indications: Conditions for which there is evidence and/or general agreement that a 
given procedure or treatment is beneficial, useful, and effective. 


Recommendations from Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA 2004 guideline 
update for coronary artery bypass graft surgery: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines (Committee to 
Update the 1999 Guidelines for Coronary Artery Bypass Graft Surgery) [published errata 
appears in Circulation. 2005;111(15):2014.]. Circulation. 2004;110(15):e340-437. [PMID: 
15466654] 
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Medically Refractory Angina 


A small proportion of patients with chronic stable angina have progressive angina despite 
optimal doses of antianginal and vascular-protective medications and after achieving complete 
percutaneous or surgical revascularization. Several alternative therapies have been proposed for 
medically refractory angina, although none are recommended by current guidelines. External 
enhanced counterpulsation uses three sets of pneumatic cuffs wrapped around the lower 
extremities to achieve a hemodynamic effect similar to an intra-aortic balloon pump. Typically, 
patients undergo this therapy daily for a period of 4 to 6 weeks. The treatment is associated with 
an improvement in angina and exercise capacity that can persist for up to 2 years. The 
mechanism for this improvement is unknown. External enhanced counterpulsation does not 
decrease mortality. 


Stimulation of the spinal cord region that receives the cardiac nerve fibers was shown in a 
placebo-controlled trial to reduce angina and improve functional status. 
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Follow-Up Care 


Routine stress testing for asymptomatic patients with known CAD or following successful PCI is 
not advocated by current practice guidelines. Routine, periodic resting ECGs should not be 
performed in the absence of changes in medications, symptoms, or physical examination 
findings. 


Restenosis following successful PCI, which usually presents as recurrent angina approximately 6 
to 9 months after the index procedure, has been dramatically reduced with the use of drug-eluting 
stents. Clopidogrel should be continued without interruption for a minimum of 1 year following 
placement of a drug-eluting stent and for a minimum of | month with a bare metal stent. 
Consideration for extended use of clopidogrel (beyond 1 year) should be individualized and take 
into account the overall risk profile (extent and severity of CAD) and underlying bleeding risk. 
Aspirin should be continued at 325 mg/d during clopidogrel therapy unless bleeding events 
occur. The risk of stent thrombosis is approximately 0.7% and is increased with the premature 
discontinuation of dual antiplatelet therapy (aspirin and clopidogrel). Stent thrombosis is 
associated with a short-term mortality rate of 40%. 


Elective noncardiac surgery should be delayed for at least 6 weeks following placement of a bare 
metal stent and for at least 1 year following a drug-eluting stent to allow for completion of the 
patient’s dual antiplatelet regimen. For emergency or urgent surgery that cannot be delayed in 
order to complete the required dual antiplatelet course of therapy, a guideline of the American 
College of Cardiology and the American Heart Association (ACC/AHA) has suggested 


continuing aspirin during the perioperative period, if at all possible, and restarting clopidogrel as 
soon as possible following the procedure. 
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Acute Coronary Syndromes 


Clinical Presentation and Classification 


Initial Medical Treatment of Acute Coronary Syndromes 
Non-ST-Elevation Myocardial Infarction and Unstable Angina 


ST-Elevation Myocardial Infarction 
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Clinical Presentation and Classification 


Acute coronary syndrome (ACS) refers to a spectrum of diseases ranging from unstable angina, 
to non—ST-elevation myocardial infarction (NSTEMD), to ST-elevation myocardial infarction 
(STEMI). Patients who present with presumed ischemic chest pain can initially be classified 
based on the ECG and the results of assays for the serum biomarkers troponin and creatine 
kinase (Figure 4). 


Acute coronary syndrome 
(STEMI, NSTEMI and unstable angina) 


ST-segment elevation ST-segment depression 


Nonspecific ECG changes 


T-wave inversion 


Normal troponin 


T Troponin Normal CK-MB 


T Troponin 
T CK-MB p 


T CK-MB 


STEMI NSTEMI Unstable angina 


Figure 4. Diagnosis of Acute Coronary Syndromes. 


CK-MB = creatine kinase MB; NSTEMI = non—ST-elevation myocardial infarction; STEMI = 
ST-elevation myocardial infarction. 


Although the initial ECG is nondiagnostic in up to 50% of patients presenting with chest pain, it 
is a critical part of the evaluation. A simplified approach to initiating therapy is based on making 
the distinction early between STEMI and NSTEMI or unstable angina. Patients with a STEMI 
benefit from reperfusion therapy—either thrombolytic therapy or primary angioplasty. Patients 
with a NSTEMI or unstable angina require risk stratification to determine their risk for death or 
nonfatal myocardial infarction prior to initiating therapy (Figure 5). Patients with unstable 
angina may have similar ECG findings to those with a NSTEMI, but can be differentiated by the 
absence of elevated serum biomarkers. 


The pain of an acute myocardial infarction is usually retrosternal in location, may radiate to the 
shoulders or arms, and may be associated with nausea and vomiting (more commonly associated 
with an inferior STEMI), diaphoresis, or shortness of breath. Elderly patients and those with 
diabetes mellitus may present with atypical symptoms such as shortness of breath in the absence 
of pain, heart failure, or confusion. Myocardial ischemia is associated with the classic symptoms 
of severe retrosternal chest pressure in only about 25% of patients. Twenty-five percent of 
patients have chest discomfort that mimics heartburn pain, and another 25% have ischemia that 
is clinically silent. The remaining 25% complain of stabbing or sharp chest pain; chest pain 
reproducible by palpation; or jaw, neck, back, and left arm discomfort. Women, persons with 
diabetes, and the elderly more commonly have atypical chest pain or shortness of breath rather 
than ischemic-type chest pain. 


The physical examination should focus on conditions that can mimic a STEMI such as aortic 
dissection and pericarditis, potential contraindications to thrombolytic therapy, and conditions, 
such as heart failure, that influence prognosis and treatment decisions. 


Acute coronary syndrome 


M 


Risk stratification 
TIMI risk score 
l Y } 
High Risk (TIMI 5-7) Intermediate Risk (TIMI 3-4) Low Risk (TIMI 0-2) 


|- 


Unstable angina 


Initial therapy*: Aspirin, B-blockers, nitrates, LMWH or Initial therapy?: Aspirin, B-blockers, 
UFH, statin, GP IIb/Illa inhibitor®; consider clopidogrel® nitrates, statin, clopidogrel; consider 
and early coronary angiography LMWH or UFH and predischarge stress test 


3 Abnormal stress test or EF <40% 
| Coronary angiography ] 


Figure 5. Initial Management of Unstable Angina/Non-ST- 
Elevation Myocardial Infarction. 


EF = ejection fraction; GP = glycoprotein; LMWH = low-molecular-weight heparin; NSTEMI = 
non-ST-elevation myocardial infarction; UFH = unfractionated heparin. 


“For patients with continued symptoms despite initial medical therapy, consider GP IIb/II]a 
inhibitor and emergent coronary angiography. 


"Indications for GP Ib/Ha inhibitor include ongoing chest pain, dynamic electrocardiographic 
changes, elevated troponin on presentation, heart failure, and diabetes mellitus. 


“Clopidogrel can be given prior to coronary angiography. If coronary artery bypass grafting is 
required, clopidogrel should be stopped and surgery delayed for at least 5 days. 
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Initial Medical Treatment of Acute Coronary Syndromes 


Unless there are compelling contraindications, all patients presenting with ischemic chest pain 
and a presumed ACS should be treated with aspirin (162 to 325 mg/d), B-blockers, and nitrates 
(see Figure 5). Patients should chew the aspirin tablet in order to quickly achieve therapeutic 
blood levels. 


B-Blockers should be given to all patients except those with decompensated heart failure, systolic 
blood pressure below 90 mm Hg, bradycardia with a heart rate below 50/min, or second-degree 
atrioventricular block. For patients with unstable angina or NSTEMI, oral B-blockers are 
typically used. Intravenous -blockers can be considered, but caution should be used in patients 
with heart failure, hypotension, or hemodynamic instability. Calcium channel blockers, with the 
exception of nifedipine, can be used in patients with contraindications to B-blockers and in those 
with continued angina despite optimal doses of B-blockers and nitrates. For STEMI patients, 
intravenous B-blockers are commonly given. B-Blockers should not be used in patients with 
STEMI precipitated by cocaine use because of the risk of potentiating coronary artery spasm. 
Sublingual nitroglycerin should be given to all patients except those with an inferior STEMI and 
presumed right ventricular infarction. Following sublingual nitroglycerin and in the absence of 
hypotension, intravenous nitroglycerin should be initiated for patients with continued chest pain. 
Transdermal or oral nitrates should be used for unstable angina and NSTEMI patients with recent 
episodes of chest pain but no active symptoms at presentation. 
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Non-ST-Elevation Myocardial Infarction and Unstable 
Angina 


e Risk Stratification 
e Invasive versus Conservative Management 


e Medical Therapy 
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Risk Stratification 


The short-term (14-day) risk for death and nonfatal myocardial infarction in patients presenting 
with unstable angina and NSTEMI can be estimated using the Thrombolysis in Myocardial 
Infarction (TIM) risk score (Table 8). A TIMI risk score of 0 to 2 is associated with an 8% rate 
of recurrent myocardial infarction or death, compared with an event rate of approximately 31% 
associated with a risk score of 6 to 7. The TIMI risk score also identifies which patients will 
derive the greatest benefit from aggressive medical therapy with glycoprotein IIb/IIIa inhibitors 
and an early invasive treatment approach. 


Table 8. TIMI Risk Score for Unstable Angina/Non-ST- 
Elevation Myocardial Infarction 


Prognostic Variables 
Age >65 years 
>3 traditional CAD risk factors? 
Documented CAD with >50% diameter stenosis 
ST-segment deviation 
>2 anginal episodes in the past 24 hours 
Aspirin use in the past week 
Elevated cardiac biomarkers (creatine kinase MB or troponin) 
TIMI Risk Score (Sum of Prognostic Variables) 
0-2 Low risk 
3—4 Intermediate risk 
5-7 High risk 


CAD = coronary artery disease. 


“Family history of CAD, hypertension, hypercholesterolemia, diabetes, being a current smoker. 


Adapted from Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable 
angina/non-ST elevation MI: a method for prognostication and therapeutic decision mak-ing. 
JAMA. 2000;284(7):835-842. [PMID: 10938172] 
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Invasive versus Conservative Management 


Following initiation of medical therapy, management options for patients presenting with 
unstable angina or NSTEMI include either a conservative approach, with continued medical 
therapy and noninvasive stress testing prior to hospital discharge, or an early invasive approach, 
with coronary angiography and subsequent revascularization (PCI or surgical revascularization). 
Several large randomized trials have largely favored an early invasive approach. These trials 
have used aggressive anticoagulation and antiplatelet therapy (low-molecular-weight heparin, 
glycoprotein IIb/II]a inhibitors, and clopidogrel) not available previously as well as use of 
coronary stents, including drug-eluting stents, and adjustment of anticoagulation during PCI. 
Based on these results, a conservative approach may be considered for stable patients with a 
TIMI risk score of 0 to 2, whereas those with TIMI risk scores of 3 or more would benefit from 
an early invasive approach. 
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Medical Therapy 


After the initiation of standard antianginal therapy (aspirin, B-blockers, nitrates, and possibly 
calcium channel blockers), patients should be classified as low, intermediate, or high risk using 
the TIMI risk score and additional therapy initiated based upon patient risk. 
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Antiplatelet Medications 


For patients who subsequently go on to an invasive strategy and undergo placement of a 
coronary stent, aspirin should be increased to 325 mg/d and continued for at least 1 month for a 
bare metal stent, with a 1-year course if tolerated, and for at least 1 year following placement of a 
drug-eluting stent. In patients who are unable to tolerate aspirin, clopidogrel should be initiated 
on hospital presentation. 


Clopidogrel should be added to background aspirin therapy in all patients regardless of their 
TIMI risk score unless there is an elevated risk of bleeding, such as recent gastrointestinal 
bleeding or newly diagnosed anemia. Patients with coronary stents should receive dual 
antiplatelet therapy (see Chronic Stable Coronary Artery Disease). For patients undergoing 
coronary angiography who are found to have multivessel CAD requiring surgical 
revascularization, clopidogrel must be stopped and surgery delayed for 5 days to avoid excessive 
postoperative bleeding. Aspirin should be continued. If coronary artery bypass surgery is deemed 
to be urgent or emergent, it may be necessary to perform surgery without allowing for a full 5- 
day clopidogrel cessation period. In patients with a low TIMI risk score who receive a 
conservative treatment approach, clopidogrel should be continued for at least 1 year. 


Glycoprotein IIb/IIIa inhibitors act by occupying platelet receptors that would otherwise bind 
with fibrinogen. This blocking of fibrinogen binding serves to prevent platelet aggregation. The 
glycoprotein IIb/II]a inhibitors that are currently approved for patients with unstable angina or 
NSTEMI are tirofiban, eptifibatide, and abciximab. The main adverse effect of these agents is 
increased bleeding events, which usually occur at the site of vascular access (in patients 
undergoing coronary angiography) or at mucocutaneous locations (for example, gingival 
bleeding). 


Patients with an intermediate or high TIMI risk score derive the most benefit from glycoprotein 
IIb/IIIa inhibitors, along with patients who are managed with an early invasive approach and 
undergo PCI. Glycoprotein IIb/IIIa inhibitors may also be considered in patients who have 
ongoing symptoms after the initiation of standard medical therapy and those with dynamic ECG 
changes, diabetes mellitus, or heart failure. The benefit for glycoprotein IIb/IIa inhibitors in 
patients who receive conservative medical therapy is less clear, and most physicians would only 


choose these agents in the setting of an intermediate or high TIMI risk score in a patient with a 
low risk of bleeding who is not deemed to be a candidate for early angiography because of a 
comorbid condition (such as malignancy) or patient preference. 
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Anticoagulant Medications 


Anticoagulants used for the treatment of unstable angina and NSTEMI include unfractionated 
heparin, low-molecular-weight heparin, and, more recently, the direct thrombin inhibitor 
bivalirudin. The decision to use a particular agent is based upon the TIMI risk score, whether a 
patient undergoes an early invasive or conservative treatment approach, and consideration of the 
bleeding risk. Unfractionated or low-molecular-weight heparin can be considered in low-risk 
patients but provides more benefit to those in the intermediate- and high-risk TIMI groups (see 


Figure 5). 


Unfractionated heparin was the initial anticoagulant used in the treatment of unstable angina and 
NSTEMI and reduces early ischemic events by approximately 50%. Uninterrupted therapy 
should be continued for at least 2 days with an activated partial thromboplastin time (aPTT) goal 
of between 60 and 80 seconds. Disadvantages of unfractionated heparin include difficulty 
achieving stable therapeutic levels, the need for frequent laboratory monitoring, and the potential 
for heparin-induced thrombocytopenia. These factors have led to the use of newer anticoagulants 
such as low-molecular-weight heparin. For certain patients, however, including those being 
considered for an early invasive approach, those with an increased bleeding risk, and those with 
renal insufficiency, unfractionated heparin may be preferable to low-molecular-weight heparin 
because of its reversibility, shorter half-life, and ease of use in the catheterization laboratory. 


Low-molecular-weight heparin has been compared with unfractionated heparin in several trials, 
including ESSENCE and TIMI 11B. Both of these trials showed a reduction in cardiovascular 
events (death, myocardial infarction, and recurrent angina) with low-molecular-weight heparin 
without an increase in bleeding events. Advantages of low-molecular-weight heparin include 
twice daily subcutaneous administration and achievement of predictable levels of anticoagulation 
without the need for laboratory monitoring. 


Bivalirudin is a synthetic direct thrombin inhibitor that has been adopted for use in patients 


undergoing elective PCI, but its role in patients with unstable angina or NSTEMI who undergo 
an early invasive approach remains unclear. 


PreviousNext 


Lipid-Lowering Medications 


The MIRACL and PROVE IT trials found that high-dose statin therapy initiated soon after an 
ACS reduced cardiovascular events at 18 months and 2 years, respectively. Current consensus in 
patients with unstable angina or NSTEMI favors early treatment with high-dose statins to 
achieve a target LDL cholesterol level of less than 100 mg/dL (2.6 mmol/L), with less than 70 
mg/dL (1.8 mmol/L) considered a reasonable optional goal. 
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ST-Elevation Myocardial Infarction 


e Recognition of ST-Elevation Myocardial Infarction 
Reperfusion Therapy 


Initial Medical Therapy 
Early Complications 


Late Complications 
Long-Term Medical Therapy 
Risk Stratification 
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Recognition of ST-Elevation Myocardial Infarction 


Optimal management of patients with STEMI relies heavily upon timely recognition and rapid 
initiation of reperfusion therapy, either thrombolytic therapy or PCI. The differential diagnosis of 
a patient with a presumed STEMI includes pericarditis, pulmonary embolism, and aortic 
dissection. An acute type A aortic dissection will occasionally present as an inferior wall STEMI 
if the dissection plane extends into the origin of the right coronary artery. High risk STEMI 
subgroups include those presenting with a new or presumed new left bundle branch block, 
anterior wall myocardial infarction, cardiogenic shock, heart failure, ventricular arrhythmias, and 
elderly age (>75 years). 
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Reperfusion Therapy 


The two initial reperfusion strategies for patients with a STEMI are thrombolytic therapy and 
primary PCI (Figure 6). The decision to use one strategy over the other is based on time from 
onset of symptoms, the presence of high-risk features, any contraindications (absolute or 
relative) to thrombolytic therapy (Table 9), and the anticipated time to achieve balloon inflation 
with PCI. 


For patients with absolute contraindications to thrombolytic therapy, PCI should be performed. 
In the setting of relative contraindications to thrombolytic therapy and in the absence of 
significant delays, most physicians would advocate the use of primary PCI. Elderly patients 
represent a unique high-risk subgroup with an increased risk for bleeding complications with 
thrombolytic therapy, and care must be individualized. 


The time to achieve balloon inflation is a major determinant of the benefits of PCI over 
thrombolytic therapy. Current guidelines recommend a door-to-balloon time of 90 minutes or 
less. If inherent delays in performing PCI are present, thrombolytic therapy should be 
considered. Randomized trials indicate a benefit of transfer for primary PCI compared with 
onsite thrombolytic therapy, despite transfer delays in some studies exceeding | hour. However, 
observational data from community hospitals within the United States document that fewer than 
4% of patients achieve the guideline-suggested door-to-balloon time of less than 120 minutes. 
Recent position papers advocate the development of “STEMI receiving centers” with 
comprehensive and efficient protocols to minimize transfer delays and improve access to primary 
PCI. 


Approximately 70% of STEMI patients in the United States present to hospitals without onsite 
PCI capabilities, and thrombolytic therapy is therefore the predominant method of reperfusion 
used. Characteristics of three commonly used thrombolytic agents are shown in Table 10. 


In the presence of high-risk features such as cardiogenic shock or heart failure, or if a diagnosis 
of STEMI is in doubt, onsite PCI or transfer to a PCI facility is preferred over thrombolytic 
therapy. For patients with cardiogenic shock who present to facilities without onsite PCI, 
thrombolytic therapy, placement of an intra-aortic balloon pump and emergent transfer to a PCI 
facility may be superior to direct transfer for PCI. 


Rescue PCI refers to PCI that occurs in the setting of failed thrombolytic therapy and provides a 
benefit over conservative medical therapy or the repeat administration of thrombolytics. 


Evaluate: 41, Time from onset of symptoms? 
2. High-risk features (shock, heart failure favor PCI) 


3. Risk of thrombolytic therapy (contraindications) 
4. Time to achieve balloon inflation with PCI 


Initial medical therapy: aspirin, clopidogrel, B-blocker, nitrates, 
heparin (unfractionated or low-molecular-weight) 
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Failure of thrombolytic therapy Thrombolytic therapy 


Primary PCI 
(door-to-needle goal: <30 min)‘ 


(preferred therapy; 


door-to-balloon 


I: < iny® 
ey UU. Rescue PCI 
No 


Long-term medical therapy: 


aspirin, B-blocker, ACE inhibitor, 1 Clinically significant ischemia? 
nitrates, statin, clopidogrel J ] 
Yes 


[ Coronary angiography 


Figure 5. Initial Management of Unstable Angina/Non-ST- 
Elevation Myocardial Infarction. 


EF = ejection fraction; GP = glycoprotein; LMWH = low-molecular-weight heparin, NSTEMI = 
non—ST-elevation myocardial infarction; UFH = unfractionated heparin. 


“For patients with continued symptoms despite initial medical therapy, consider GP IIb/IIIa 
inhibitor and emergent coronary angiography. 


"Indications for GP IIb/IIIa inhibitor include ongoing chest pain, dynamic electrocardiographic 
changes, elevated troponin on presentation, heart failure, and diabetes mellitus. 


“Clopidogrel can be given prior to coronary angiography. If coronary artery bypass grafting is 
required, clopidogrel should be stopped and surgery delayed for at least 5 days. 


Table 9. Contraindications to Thrombolytic Therapy for ST- 
Elevation Myocardial Infarction 


Absolute Contraindications 
Any prior intracerebral hemorrhage 
Known cerebrovascular lesion (e.g., arteriovenous malformation) 
Ischemic stroke within 3 months 
Suspected aortic dissection 
Active bleeding or bleeding diathesis (excluding menses) 
Significant closed head or facial trauma within 3 months 
Relative Contraindications 
History of chronic, severe, poorly controlled hypertension 
Severe uncontrolled hypertension on presentation (SBP >180 mm Hg or DBP >110 mm Hg)" 
History of prior ischemic stroke >3 months, dementia, or known intracranial pathology 
Traumatic or prolonged (>10 minutes) CPR or major surgery (<3 weeks) 
Recent (within 2-4 weeks) internal bleeding 
Noncompressible vascular puncture site 
For streptokinase/anistreplase: prior exposure (>5 days) or prior allergic reaction to these agents 
Pregnancy 
Active peptic ulcer disease 
Current use of anticoagulants: the higher the INR, the higher the bleeding risk 


CPR = cardiopulmonary resuscitation; DBP = diastolic blood pressure; SBP = systolic blood 
pressure. 


“Thrombolytic therapy can be considered if SBP can be reduced to <140 mm Hg and DBP to <90 
mm Hg with initial medical therapy. 


Table 10. Thrombolytic Agents Commonly Used in the 
Treatment of ST-Elevation Myocardial Infarction 


Thrombolytic Agent Alteplase Reteplase Tenecteplase 


Dose Up to 100 mgin 10 Ux2 (30 min apart), 30-50 mg* 
90 min* each 2-min duration 


Bolus administration No Yes Yes 


Allergic reaction on repeat exposure No No No 
possible 

TIMI flow grade 2/3” ~75% ~83% ~83% 
Rate of intracerebral hemorrhage ~0.4%-0.7% ~0.8% ~0.9% 
Fibrin specificity +++ + ++4++ 
Need for unfractionated or low- Yes Yes Yes 


molecular-weight heparin 
“Based on body weight. 


TIMI flow grade 2/3 refers to mildly impaired flow through the coronary artery involved in the 
myocardial infarction. The higher the percentage of TIMI 2/3 flow, the more effective the 
thrombolytic agent. 


Adapted from Boden WE, Eagle K, Granger CB. Reperfusion strategies in acute ST-segment 
elevation myocardial infarction: a comprehensive review of contemporary management options. 
J Am Coll Cardiol. 2007;50(10):917-929. [PMID: 17765117] Copyright 2007 American College 
of Cardiology Foundation, with permission from Elsevier. 
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Initial Medical Therapy 


In addition to prompt reperfusion, initial medical therapy for STEMI includes aspirin, analgesics, 
nitrates, and oxygen; therapy to reduce infarct size; antithrombotic agents; and antiplatelet 
therapy. Control of chest pain with analgesics such as morphine sulfate suppresses the 
heightened sympathetic response that occurs during a STEMI. Nitrates reduce preload by 
increasing venous capacitance and improve coronary blood flow by coronary vasodilation. 
Although it is common practice to give supplemental oxygen to all patients, the main benefit is 
seen in those with arterial hypoxemia. 
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Therapy to Reduce Infarct Size 


Intravenous B-blockers should be given to all patients without contraindications. Metoprolol is 
commonly given as three consecutive 5-mg intravenous bolus doses, each dose given over 3 to 5 
minutes. If systolic blood pressure remains above 90 mm Hg, metoprolol, 25 mg or 50 mg orally 
every 6 hours, should be given. For patients with relative contraindications to B-blockers, such as 
reactive airways disease, a short-acting intravenous agent such as esmolol can be considered. 


ACE inhibitors are beneficial in patients with reduced left ventricular function and no heart 
failure as well as those with clinical evidence of heart failure following a myocardial infarction. 
These agents inhibit postinfarction remodeling, allowing subsequent preservation of ventricular 
function. Early initiation (within 24 hours) of an ACE inhibitor in patients with a systolic blood 
pressure above 100 mm Hg and in the absence of clinically significant renal failure provides the 
most benefit. For patients intolerant of an ACE inhibitor or in those with contraindications 
(bilateral renal artery stenosis), an angiotensin receptor blocker can be considered. 
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Antithrombotic Therapy 


For patients receiving thrombolytic therapy with fibrin-specific agents such as reteplase and 
tenecteplase, unfractionated heparin is thought to prevent reocclusion of the infarct-related 
artery. More recently, low-molecular-weight heparin has been used in combination with 
thrombolytic agents and appears to yield improved outcomes compared with unfractionated 
heparin. For patients undergoing primary PCI, unfractionated heparin is preferable to low- 
molecular-weight heparin because of the ease to which the degree of anticoagulation can be 
assessed with the activated clotting time during PCI. 
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Antiplatelet Therapy 


Recent trials have found that clopidogrel added to standard medical and thrombolytic therapy 
further reduces cardiovascular events without a significant increase in bleeding. For patients 
undergoing primary PCI, clopidogrel should be given on hospital presentation because the 
majority of patients will subsequently receive a coronary stent during PCI, and there appears to 
be a benefit of pretreatment. 


Glycoprotein IIb/IIIa inhibitors are beneficial in patients undergoing primary PCI, and early 
administration in the emergency department improves coronary patency. 
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Early Complications 


The main adverse effect of thrombolytic therapy during the early management period (within 
several hours of hospital presentation) is bleeding complications. Intracerebral hemorrhage 
occurs in less than 1% of patients but is associated with a mortality rate of 50% to 65%. Risk 
factors for intracerebral hemorrhage include older age, lower body weight, female sex, previous 
stroke, and systolic blood pressure above 160 mm Hg on presentation. Streptokinase has the 


lowest rate of intracerebral hemorrhage among the available thrombolytic agents. Additional 
bleeding complications include bruising at venipuncture sites, hematuria, and gastrointestinal 
bleeding. For life-threatening bleeding events, blood transfusions, cryoprecipitate, and fresh 
frozen plasma may be required. 


Despite significant advances in the treatment of STEMI patients, the diagnosis of thrombolytic 
therapy failure remains difficult. Resolution of chest pain, improvement in ST-segment 
elevation, and the presence of reperfusion arrhythmias (most commonly idioventricular rhythms) 
indicate successful thrombolysis. Complete ST-segment elevation resolution is associated with 
coronary patency; however, complete resolution occurs in only a minority of patients. 
Improvement in ST-segment elevation greater than 50% on an ECG obtained 60 minutes after 
the administration of thrombolytic therapy is the most commonly used criterion to indicate 
successful reperfusion. Continued chest pain, lack of improvement in ST-segment elevation, 
hemodynamic instability, or the presence of ventricular arrhythmias most likely indicates failure 
of thrombolytic therapy. Accelerated idioventricular rhythms are the most common reperfusion 
arrhythmia. 


In the setting of an inferior STEMI with successful reperfusion, sinus bradycardia and 
hypotension may occur. Other arrhythmias that may indicate successful reperfusion are 
accelerated idioventricular rhythm and nonsustained ventricular tachycardia. 


With increased myocardial injury (larger infarct size), the likelihood of left ventricular 
dysfunction and heart failure increases. The severity of left ventricular dysfunction is directly 
related to mortality. Heart failure after myocardial infarction is managed using standard medical 
therapy (see Heart Failure). For patients with progressive symptoms despite aggressive medical 
care, invasive hemodynamic monitoring with a pulmonary artery catheter may be useful. 
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Late Complications 


Complications that may occur in the first several days include cardiogenic shock, ventricular 
septal defect, papillary muscle rupture with secondary severe mitral regurgitation, free wall 
rupture, and left ventricular thrombus. The in-hospital mortality rate for cardiogenic shock 
approaches 50%, with half of the deaths occurring in the first 48 hours of hospitalization. The 
loss of myocardial contractility that occurs with a large myocardial infarction was previously 
thought to be the fundamental basis for cardiogenic shock. However, recent studies indicate that 
a systemic inflammatory process may also be involved. Therapy for cardiogenic shock includes 
early revascularization with PCI or coronary artery bypass surgery in an attempt to limit the 
degree of myocardial damage. Inotropic agents including dopamine and dobutamine, vasopressor 
agents at moderate to high doses, mechanical ventilation, and an intra-aortic balloon pump are 
often required. 


Right ventricular infarction should be considered in the setting of an inferior wall infarction 
complicated by hypotension. Occlusion of the right coronary artery proximal to the origin of the 


acute marginal vessels results in ischemia to the right ventricle. Right ventricular ischemia 
impairs the systolic function of the right ventricle, causing limited filling to the left ventricle, 
which results in the clinical triad of hypotension, clear lung fields, and jugular venous distention. 
The diagnosis can be made with a right-sided ECG that shows ST-segment elevation in leads 
V3R and V4R. Echocardiography can confirm the diagnosis with findings of hypokinesis and 
dilation of the right ventricle. Echocardiography can help exclude other causes of cardiogenic 
shock, such as ischemic mitral regurgitation or a ventricular septal defect. 


Treatment of right ventricular infarction includes early revascularization (PCI or thrombolytic 
therapy) to restore blood flow to the ischemic right ventricle, aggressive volume loading to 
increase filling to the left ventricle, and inotropic support with dopamine or dobutamine if 
hypotension persists after achieving a pulmonary capillary wedge pressure of greater than 18 mm 
Hg. Even with successful revascularization, it can take up to 3 days for right ventricular function 
to return to normal. 


A ventricular septal defect typically occurs within a thin and akinetic segment of the ventricular 
septum and presents as hemodynamic compromise with a new systolic murmur. A thrill along 
the left sternal border may also be present. Echocardiography is the most reliable and rapid tool 
for establishing the diagnosis. Treatment includes stabilization with an intra-aortic balloon pump 
and vasopressor agents prior to urgent surgical repair. The surgical mortality rate is extremely 
high (>50%), but the mortality rate with medical therapy alone approaches 95%. Percutaneous 
devices for the repair of a ventricular septal defect have been reported in recent years and may be 
a useful option for nonsurgical candidates. 


Mechanisms of mitral regurgitation following a myocardial infarction include severe left 
ventricular dysfunction with annular dilation, worsening of pre-existing mitral regurgitation, and 
rupture of a papillary muscle or chordae tendineae. Papillary muscle rupture presents with acute 
pulmonary edema, a loud systolic murmur in the absence of a thrill, and rapid progression to 
cardiogenic shock. Echocardiography should be used to establish the diagnosis and can 
accurately differentiate between a ruptured papillary muscle and a ventricular septal defect. 
Treatment includes stabilization with an intra-aortic balloon pump, afterload reduction with 
sodium nitroprusside, diuretics, and urgent surgical intervention. 


Rupture of the left ventricular free wall presents as hemopericardium with electromechanical 
dissociation and death. Risk factors include elderly age, female sex, first myocardial infarction, 
and anterior location of the infarction. Mortality is uniformly high, but salvage is possible with 
early recognition and emergent pericardiocentesis. 


Left ventricular thrombus may occur following a STEMI because of impaired contractility of a 
myocardial segment resulting in blood stasis, endocardial tissue injury, and a possible 
hypercoagulable state. Prior to the era of early revascularization with PCI and thrombolytic 
therapy, a left ventricular thrombus was present in up to 60% of patients with a large anterior 
STEMI. Despite these advances, however, the risk for development of a left ventricular thrombus 
following an anterior STEMI remains 10% to 20%. The most common location for a thrombus is 
in the apex of the left ventricle. The diagnosis is made by the echocardiographic finding of an 
echo-dense structure within the left ventricle adjacent to an area of the myocardium with 


impaired contractility. Anticoagulation with warfarin for 3 to 6 months should be initiated once 
the diagnosis is made to reduce the risk of systemic arterial embolization. 
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Long-Term Medical Therapy 


Aspirin should be continued indefinitely. In patients without coronary stents, the dose should be 
reduced to 75 mg/d after approximately 1 month. Clopidogrel should be continued for at least 1 
year for patients who receive thrombolytic therapy in the absence of bleeding events. Patients 
with coronary stents should receive dual antiplatelet therapy (see Chronic Stable Coronary 
Artery Disease). -Blockers should be continued indefinitely in patients without 
contraindications. ACE inhibitors should be continued indefinitely and can be changed to an 
angiotensin receptor blocker in those who are intolerant. Statins should be used to achieve a 
serum LDL cholesterol level below 100 mg/dL (2.6 mmol/L), with an optional goal of below 70 
mg/dL (1.8 mmol/L), and should be continued indefinitely. 
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Risk Stratification 


Patients undergoing primary PCI are essentially risk stratified by the coronary angiogram—that 
is, the coronary anatomy is defined and treatment is based upon the extent and severity of 
disease. In contrast, patients who receive thrombolytic therapy with successful reperfusion 
require risk stratification prior to hospital discharge. The purpose of risk stratification is to 
identify high-risk patients (left main or three-vessel disease) that may benefit from 
revascularization. Left ventricular function should be assessed by either echocardiography or 
nuclear imaging, and those with an ejection fraction below 40% should be referred for coronary 
angiography to identify patients who would benefit from revascularization. Episodes of chest 
pain during the index hospitalization, clinically significant heart failure, and ventricular 
arrhythmias also indicate the need for coronary angiography. 


In all other patients, a functional evaluation is required prior to hospital discharge with either a 
symptom-limited exercise ECG, exercise nuclear perfusion testing or exercise echocardiography, 
or a pharmacologic stress test for those unable to exercise. Clinically significant ischemia on 
noninvasive testing mandates referral for coronary angiography. In the absence of clinically 
significant ischemia, medical therapy can be continued. 
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Coronary Artery Disease in Women 


e Presentation and Evaluation 
e Medical Treatment 
e Invasive Treatment 
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Presentation and Evaluation 


CAD in women is a leading cause of mortality and disability, and important differences exist in 
symptoms, diagnostic test characteristics, and outcome compared with men. The diagnosis of 
CAD in women occurs, on average, approximately 10 years later than in men, possibly related to 
later onset of disease and/or delayed presentation and diagnostic testing. 


As a result of the older age at diagnosis, women with unstable angina or NSTEMI are more 
likely to have comorbid conditions such as hypertension, diabetes mellitus, and heart failure with 
preserved left ventricular systolic function compared with men. Women have a higher frequency 
of angina/chest pain than men but have a lower prevalence of obstructive CAD compared with 
men with similar symptoms. In the Coronary Artery Surgery Study, CAD was diagnosed by 
catheterization in 63% of women with definite angina, 40% of women with probable angina, and 
4% of women with nonischemic pain. Other potential causes of chest pain in women include an 
increased prevalence of vasospasm and noncoronary chest pain syndromes. In addition, women 
with CAD are more likely to have atypical symptoms or angina equivalents, including dyspnea, 
palpitations, and presyncope. 


Owing to the higher frequency of chest pain and atypical symptoms in women, as well as the 
lower prevalence of obstructive CAD, results of noninvasive diagnostic testing have lower 
specificity compared with men. ECG treadmill exercise testing in women has a false-positive 
rate of 38% to 67%, compared with 7% to 44% in men. The false-negative rate is low, however, 
and ECG exercise testing remains a reliable diagnostic test. Approximately 70% of women will 
have the diagnosis of CAD confirmed or excluded on the basis of this test, with the remainder 
referred for additional testing. Therefore, although some experts have proposed the routine use of 
imaging with stress testing in women to improve specificity, current guidelines recommend 
similar diagnostic approaches among women and men with suspected CAD. 


Women have a poorer prognosis than men after myocardial infarction. In addition to the older 
age of presentation for women who experience a myocardial infarction, a higher prevalence of 
comorbid conditions, including hypertension and diabetes mellitus, negatively impacts survival. 
Women also have a delayed presentation and time to treatment after symptom onset and have 
more hemodynamic instability and cardiogenic shock compared with men. 
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Medical Treatment 


Women have the same benefit as men from pharmacologic treatment with aspirin, clopidogrel, 
anticoagulants, B-blockers, ACE inhibitors, and statins, but are prescribed aspirin and 
anticoagulants less frequently than men. Women with myocardial infarction have a higher rate of 
complications associated with anticoagulation therapies. Women with STEMI treated with 
fibrinolytic agents are 2 to 3 times more likely to experience hemorrhagic stroke than men, and 
female sex has been found to be independently associated with intracranial hemorrhage after 
adjustment for other differences. In NSTEMI, women have a higher rate of major bleeding 
complications compared with men, particularly with the use of glycoprotein IIb/IIIa inhibitors. 
Excessive dosing of antiplatelet and antithrombotic agents accounts for a significant percentage 
of this increased bleeding risk, and factors such as female sex and characteristics more prevalent 
in women with myocardial infarction (such as reduced creatinine clearance, advanced age, and 
diabetes) are independently associated with excessive dosing of these medications. It is 
important, therefore, that the dosing of these medications in women be based on the estimated 
glomerular filtration rate and patient weight. 


Oral hormone replacement therapy with estrogen alone or a combination of estrogen and 
progesterone has been evaluated in multiple randomized, placebo-controlled clinical trials in 
postmenopausal women with and without a history of CAD. These studies have uniformly shown 
no relative risk reduction in all-cause mortality, nonfatal acute myocardial infarction, or death 
due to CAD, regardless of age (younger versus older than 65 years) in women taking these 
agents. In addition, adverse events of venous thromboembolism and stroke were higher in 
women treated with hormone replacement therapy. 


Women who are taking hormone replacement therapy when an acute coronary syndrome occurs 
generally should not continue taking these medications. Women who have taken these agents for 
more than 1 to 2 years and who wish to continue taking hormone replacement therapy for a 
compelling condition should understand the relative benefits and risks, including an increased 
risk of cardiovascular events and stroke. These medications should not be used for primary or 
secondary prevention of cardiac events. 
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Invasive Treatment 


PCI in the setting of an acute STEMI has been shown to have a lower risk of intracranial 
hemorrhage compared with fibrinolytic therapy. In women with acute coronary syndromes with 
high-risk features, including elevated cardiac enzymes, an early invasive strategy reduces major 
adverse cardiac events. For women with low-risk features, however, there may be an early 
excess risk associated with an early invasive approach. Recent single center experience has 
found that women and men had similar short- and long-term survival after PCI. Long-term 
results of revascularization, including both PCI and coronary artery bypass grafting, are 
comparable for women and men. 
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Coronary Artery Disease in Patients with Diabetes Mellitus 


Prevention of Cardiovascular Complications 
Diagnosis of Coronary Artery Disease in Patients with Diabetes 


Pharmacologic Treatment and Secondary Prevention 
Invasive Approaches in Patients with Diabetes 
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Prevention of Cardiovascular Complications 


Persons with diabetes mellitus have a 2- to 8-times increased prevalence of, incidence of, and 
mortality from cardiovascular diseases. Achieving treatment goals for patients with diabetes 
results in reduction of cardiovascular risk. These goals include optimized glycemic control, 
control of hypertension and hyperlipidemia, and daily aspirin for those older than 40 years or 
with additional cardiovascular risk factors. A large randomized trial of clopidogrel found no 
additional benefit over aspirin alone for the primary prevention of cardiovascular events, even 
among patients with diabetes or multiple CAD risk factors. 
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Diagnosis of Coronary Artery Disease in Patients with 
Diabetes 


Patients with diabetes and CAD often have atypical or blunted CAD symptoms. This attenuation 
of symptoms is thought to result from autonomic neuropathy (damaged afferent sympathetic 
fibers), a common complication of diabetes. Thus, typical angina occurs less frequently, whereas 
atypical symptoms of myocardial ischemia, including dyspnea, nausea, vomiting, unexplained 
fatigue, diaphoresis, and fluctuations in plasma glucose level, may predominate. Moreover, silent 
ischemia, characterized by the absence of angina despite an abnormal ECG, noninvasive study, 
or coronary angiography, occurs more frequently in patients with diabetes versus those without 
diabetes. 


In patients with diabetes who experience angina, exercise ECG testing has similar diagnostic 
sensitivity (approximately 50%) and specificity (approximately 80%) as for nondiabetic patients. 
In addition to the prognostic value of the magnitude of ST-segment depression during exercise 
testing, exercise capacity and heart rate recovery offer significant prognostic information. 


The addition of myocardial imaging increases the sensitivity and diagnostic accuracy above that 
of exercise ECG testing alone. Stress nuclear testing, the most extensively studied stress imaging 
modality in diabetic patients, has a sensitivity of approximately 88% and specificity of 
approximately 74% for the detection of CAD confirmed angiographically. In addition, the 


number of ischemic (fixed) segments seen on myocardial imaging is directly correlated with 
worse cardiovascular outcomes. Similarly, stress echocardiography has a higher diagnostic 
accuracy for CAD in diabetic patients in comparison to exercise ECG testing alone, and the 
assessment of left ventricular function at rest and exercise-induced wall motion abnormalities has 
significant prognostic implications. Either of these imaging modalities may be useful in patients 
with diabetes and suspected CAD who have an abnormal baseline ECG or inability to exercise. 


Although patients with diabetes are more likely to have silent ischemia, which has important 
prognostic implications, outcome data to support routine stress testing in asymptomatic diabetic 
patients do not exist. Noninvasive testing for asymptomatic CAD, therefore, is currently not 
recommended for patients with diabetes. Likewise, before initiating an exercise program, routine 
screening for asymptomatic CAD is not recommended. 
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Pharmacologic Treatment and Secondary Prevention 


Recommendations for pharmacologic therapy for acute treatment and secondary prevention of 
cardiovascular events in patients with diabetes and stable angina or acute coronary syndromes 
are the same as recommendations for nondiabetic patients. Although B-blockers are prescribed in 
a much lower percentage of diabetic patients after myocardial infarction compared with those 
without diabetes, randomized, controlled trials have shown that the magnitude of mortality 
reduction with B-blockers among those with diabetes is substantially greater than that among 
those without. Similarly, aspirin therapy should be used for secondary prevention. In patients 
who are intolerant or have contraindications to aspirin, other antiplatelet agents may be 
reasonable alternatives. Lipid-lowering therapy with a statin reduces the risk of cardiovascular 
events and mortality in persons with diabetes regardless of the presence of known heart disease. 
Intensive glycemic control is recommended in the setting of acute coronary syndromes, with goal 
plasma glucose measurements below 150 mg/dL (8.33 mmol/L) in the initial days of 
hospitalization, and subsequent preprandial glucose levels below 110 mg/dL (6.11 mmol/L) 
during hospitalization. 


PreviousNext 


Invasive Approaches in Patients with Diabetes 


The invasive evaluation of CAD in patients with diabetes should be performed with an 
understanding of the angiographic features in these patients. Diabetic patients typically have 
more severe coronary artery disease, more extensive coronary calcifications, a higher prevalence 
of left main CAD, and impaired collateral artery recruitment. In addition, diabetic patients have 
reduced arterial dimensions; for any given amount of plaque deposition in the arterial wall, 
therefore, the diabetic patient develops a greater degree of luminal obstruction. 


Invasive management of CAD in diabetic patients should be guided by evidence of ischemia and 
by risk stratification. In patients with stable angina, the recent COURAGE trial included more 
than 2200 diabetic patients with stable angina randomized to either an initial invasive approach 
of PCI or medical therapy, with the primary endpoints of death from any cause or nonfatal 
myocardial infarction. Although the event rate in both arms was higher for patients with diabetes 
than for those without, there was no difference in event rates between the treatment arms at 3 
years” follow-up, although there was substantial cross-over from initial medical therapy to 
revascularization. Therefore, medical therapy for patients with diabetes and stable angina is a 
safe initial approach before proceeding to PCI for refractory symptoms. 


In diabetic patients with acute coronary syndromes, patients at higher risk of a poor outcome 
(that is, biomarker positive) benefit from a routine invasive treatment strategy. In diabetic 
patients with single-vessel CAD and inducible ischemia, PCI is a reasonable treatment option. In 
those with multivessel disease, coronary artery bypass grafting with an internal mammary graft 
may be beneficial compared with PCI. 
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Key Points 


Echocardiography is an essential part of the initial evaluation of heart failure. 

Patients presenting to the emergency department with acute dyspnea and a B-type 
natriuretic peptide concentration below 100 pg/mL are unlikely to have acute heart 
failure. 

B-type natriuretic peptide is not a reliable measure of severity of chronic heart failure. 
Evaluation for ischemia should be part of the initial evaluation for most patients with 
new-onset or worsening heart failure. 

Angiotensin-converting enzyme inhibitors (or angiotensin receptor blockers) and ß- 
blockers are indicated for treatment of any New York Heart Association class of systolic 
heart failure, including asymptomatic patients. 

Spironolactone is indicated for New York Heart Association class II-IV heart failure 
patients with acceptable serum creatinine and potassium levels. 

In black patients with New York Heart Association class II-IV heart failure, 
hydralazine/isosorbide dinitrate should be added to standard therapy. 


e Diuretic resistance can be treated by restriction of fluid and sodium intake, changes in 
route of administration and timing of diuretic medication, and use of diuretic 
combinations. 

e Implantable cardioverter-defibrillator placement is indicated for primary prevention of 
sudden cardiac death in the setting of ischemic and nonischemic cardiomyopathy. 

e Cardiac resynchronization therapy (biventricular pacing) improves functional status and 
survival in heart failure patients with evidence for ventricular dyssynchrony (QRS >120 
msec) and poor functional status (New York Heart Association class II-IV). 

e An inability to walk more than 300 meters in a 6-minute walk test is associated with a 3- 
to 4-fold increased risk of death in chronic heart failure patients. 

e Ongoing assessment of chronic heart failure patients should look for potential factors that 
may exacerbate heart failure, such as hypertension, ischemia, arrhythmia, obesity, 
medications, and medication or lifestyle noncompliance. 

e Reassessment of ejection fraction with echocardiography is most useful when there is a 
change in clinical status rather than at regular or arbitrary intervals. 

e The Seattle Heart Failure Model provides an individualized risk assessment for 
ambulatory patients with systolic heart failure, with estimated survival at 1, 2, and 5 years 
based on several easily assessed predictors of survival. 

e Common causes of decompensation of chronic heart failure include dietary or medication 
noncompliance, a new-onset cardiac problem such as atrial fibrillation or ischemia, and 
intervening medical illness. 

e Patients with long-standing heart failure often have unrevealing or confusing physical 
examination findings, such as the absence of pulmonary crackles, despite actual 
decompensation. 

e Patients with severe heart failure should be considered for referral for cardiac 
transplantation evaluation or left ventricular assist device implantation if they display 
evidence of refractory heart failure despite optimal medical and device therapy. 
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Diagnosis and Evaluation of Heart Failure 


e Clinical Evaluation 
e Diagnostic Testing 
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Clinical Evaluation 


The initial evaluation of a patient with suspected heart failure should focus on possible causes of 
heart failure, assessing current clinical status, and identifying any comorbidities that may 
exacerbate the heart failure. Determining the cause of heart failure may lead to treatment of 
potentially reversible causes such as ischemia or certain metabolic or toxic causes. Among 


patients presenting to the emergency department with dyspnea, several signs and symptoms 
influence the likelihood of heart failure. Features that increase the likelihood of heart failure 
include the presence of paroxysmal nocturnal dyspnea (greater than 2-fold likelihood) and the 
presence of an S; (11 times greater likelihood). The likelihood of heart failure is halved by the 
absence of dyspnea on exertion and by the absence of crackles on pulmonary auscultation. 
However, patients frequently do not present with classic, easily identifiable physical examination 
findings, especially if heart failure has been present chronically or has developed gradually. 
Also, inter- and intra-observer variability and clinical experience affect the reliability of physical 
examination findings; for example, the overall accuracy of assessing central venous pressure by 
determining jugular venous pressure is only slightly above 50%. 
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Diagnostic Testing 


Because symptoms and physical examination findings have limited accuracy for the diagnosis of 
heart failure, additional diagnostic testing is needed to assess the cause and severity of disease. 
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Echocardiography 


Echocardiography is an essential part of the initial evaluation of heart failure and should be 
performed in all patients with newly diagnosed or suspected heart failure. Echocardiography can 
help identify specific causes of heart failure, including hypertensive heart disease, ischemic 
disease, hypertrophic or infiltrative cardiomyopathy or primary valvular heart disease. 


Echocardiography is necessary for distinguishing systolic heart failure from heart failure with 
preserved systolic function. Heart failure with preserved systolic function is generally diagnosed 
when signs and symptoms of systolic heart failure are present, but an echocardiogram reveals a 
normal left ventricular ejection fraction and the absence of significant valvular or pericardial 
abnormalities that would account for heart failure signs and symptoms. As many as 50% of 
patients with symptoms of heart failure have heart failure with preserved systolic function, 
although the estimated prevalence varies widely because of heterogeneous diagnostic criteria. 
Doppler techniques can assist in assessing more subtle measures of diastolic function and 
estimated hemodynamics. 
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Electrocardiography 


The electrocardiogram (ECG) provides evidence for prior myocardial infarction (suggesting an 
ischemic cause of heart failure), atrial enlargement or ventricular hypertrophy, arrhythmia, and 
conduction abnormalities. In addition, the ECG may be used in decision making regarding 
cardiac resynchronization therapy. 
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Laboratory Evaluation 


Routine laboratory studies obtained during initial evaluation of the patient with heart failure 
should include assessment of electrolytes, renal and hepatic function, blood counts, and, if 
clinically indicated, assessment for specific causes of heart failure, such as thyroid abnormalities 
or hemochromatosis (see Specific Cardiomyopathies). 


B-type natriuretic peptide (BNP) may be helpful for differentiating heart failure from noncardiac 
causes of shortness of breath in the acute setting. Patients presenting to the emergency 
department with acute dyspnea and a serum BNP concentration below 100 pg/mL are unlikely to 
have acute heart failure. In the Breathing Not Properly study, a BNP cutoff of 100 pg/mL alone 
had a sensitivity of 90% and specificity of 73% to diagnose heart failure in the emergency 
department, and improved accuracy of diagnosis compared with clinical judgment alone. 


BNP levels may be helpful in nonacute settings if additional evidence is needed to support a 
clinical assessment of volume status; however, caution should be used in interpreting BNP levels 
outside of the acute setting. In stable outpatients with chronic heart failure, BNP levels can vary 
considerably. Patients with chronic heart failure may have very low BNP levels, even below 100 
pg/mL. In patients with severe heart failure, BNP may correlate poorly with invasive 
measurements of volume status. BNP cannot be used to differentiate between systolic heart 
failure and heart failure with preserved systolic function because, when decompensated, both 
conditions have increased ventricular wall stress, which triggers the release of BNP. In addition, 
causes of increased wall stress other than heart failure, such as acute myocardial infarction and 
pulmonary embolism, can also raise BNP levels. Factors other than ventricular wall stress that 
influence BNP levels include renal failure, older age, and female sex, all of which increase BNP; 
and obesity, which reduces BNP. Interpretation of BNP results should take these factors into 
account. 
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Evaluation for Ischemia 


Ischemia is a significant cause of ventricular dysfunction, either as a primary cause or an 
exacerbating factor. In appropriate patients, revascularization can result in major benefits, 
including improved ventricular function, reduced symptoms, and increased survival. Evaluation 
for the presence of ischemia is, therefore, a necessary part of almost all initial evaluations of 


new-onset or worsening heart failure unless the clinical evidence strongly suggests a cause other 
than ischemia. 


The American College of Cardiology/American Heart Association (ACC/AHA) heart failure 
guidelines recommend coronary angiography for those patients with new-onset heart failure who 
have angina or significant ischemia and are potential candidates for revascularization. There is 
conflicting evidence regarding appropriateness of coronary angiography for other subgroups of 
patients with new-onset heart failure. Of note, these recommendations for evaluation of ischemia 
(with coronary angiography or noninvasive testing) are applicable only to those patients who do 
not have contraindications to coronary revascularization. In general, the weight of evidence and 
expert opinion favor performing coronary angiography for patients who have chest pain and 
unknown coronary anatomy and for patients who have known or suspected coronary artery 
disease. For patients with known coronary disease who present with heart failure, noninvasive 
imaging to assess for myocardial ischemia and viability is also reasonable. 
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Other Diagnostic Testing 


Other testing may be considered if standard clinical data are ambiguous with regard to current 
disease status or when advanced therapies such as cardiac transplantation are being considered. If 
volume status is not clear based on physical examination or laboratory evaluation, evaluation of 
the inferior vena cava by hand-held ultrasonography may be a useful adjunct to improve 
accuracy in assessing right atrial (and thus central venous) pressure. Assessment of central 
venous pressure in this manner should be performed with awareness of factors other than volume 
overload that may raise central venous pressure, such as lung hyperinflation associated with 
chronic obstructive pulmonary disease or cardiac tamponade. In critically ill cardiac patients for 
whom additional hemodynamic information is needed for management, right heart 
catheterization is useful for clarifying volume status as well as cardiac output if either or both 
factors are unclear based on usual clinical data alone; for example, in the setting of low blood 
pressure, elevated serum creatinine level, and symptoms of shock, in which empiric diuresis 
would be limited by blood pressure and renal function. Cardiopulmonary exercise testing is 
helpful in differentiating cardiac from noncardiac causes of exercise intolerance and also 
provides an objective assessment of functional capacity. Cardiopulmonary exercise testing is an 
essential part of the evaluation for cardiac transplantation, as functional capacity is strongly 
correlated with prognosis in heart failure. 


Endomyocardial biopsy is rarely diagnostic owing to the heterogeneous disease involvement of 
the myocardium. Biopsy is indicated in patients with unexplained new-onset heart failure and 
cardiogenic shock. In addition, biopsy is recommended in patients with new-onset heart failure 
(2 weeks” to 3 months” duration) associated with dilation of the left ventricle and new 
ventricular arrhythmias, second- or third-degree atrioventricular heart block, or failure to respond 
to usual care within | to 2 weeks. Biopsy may be considered if there is a reasonable clinical 
suspicion of a specific cause of cardiomyopathy that may be revealed on biopsy, if evaluation 
prior to biopsy has been nondiagnostic, and if establishing a specific diagnosis would impact 


management. In heart transplant recipients, endomyocardial biopsies are performed for routine 
surveillance for rejection because most patients with rejection are asymptomatic. 


Nuclear medicine studies, such as a radionuclide ventriculogram, can provide information on 
ventricular size and systolic function; however, a radionuclide ventriculogram is not 
recommended for the initial evaluation of heart failure because it provides only an ejection 
fraction with no additional significant information on cardiac structure. Cardiac MRI can be 
useful in diagnosing inflammatory or infiltrative cardiomyopathies such as sarcoidosis or 
arrhythmogenic right ventricular dysplasia. (See Extensions of the Physical Examination for 
specific indications for these tests.) 


If clinically indicated, evaluation for sleep apnea may be helpful in uncovering a cause or 
exacerbating factor of heart failure. 
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Therapeutic Options for Heart Failure 


Classification systems have been developed for the purposes of grading disease severity, guiding 
management, and estimating prognosis. The most commonly used currently are the New York 
Heart Association (NYHA) functional classification and the system developed by the American 
College of Cardiology and the American Heart Association (ACC/ AHA) (Table 11). The 
primary difference between these two classification systems is that the NYHA classification is 
based on symptoms, whereas the ACC/AHA classification is based on the presence of or 
potential to develop structural heart disease. Although the NYHA classification system is 
ultimately subjective in nature, it has consistently proved to have prognostic value in heart 
failure. 


Initiation of therapy in patients with newly diagnosed heart failure can be prioritized based on 


the patient’s NYHA functional class and volume status (Table 12). Specific medications and 
doses from the drug classes discussed below are shown in Table 13. 


Table 11. Clinical Stages of Chronic Heart Failure 


ACC/AHA Stage NYHA Functional Class Estimated 1-Year 
Mortality 
A — See note 
At risk; no structural disease or 
symptoms 
B I 5%-10% 
Structural disease but no Asymptomatic 
symptoms 


C I 15%-30% 


Structural disease with prior or Symptomatic; slight limitation of 
current symptoms physical activity 
15%-30% 
ir’ 
Symptomatic; marked limitation of 
physical activity 
D Tir’ 15%-30% 
Refractory disease Symptomatic; marked limitation of 
physical activity 
50%-60% 
IV 
Inability to perform any physical 
activity without symptoms 


ACC/AHA = American College of Cardiology/American Heart Association; NYHA = New 
York Heart Association. 


“NYHA class III overlaps with ACC/AHA stages C and D. 
Note: Mortality in Stage A is that associated with any existing comorbid conditions. 


Adapted with permission from Givertz MM, Colucci WS, Braunwald E. Clinical Aspects of 
Heart Failure; Pulmonary Edema, High-Output Failure. In: Zipes DP, Libby P, Bonow RO, 
Braunwald E, eds. Heart disease: a textbook of cardiovascular medicine. 7th ed. Philadelphia, 
PA: WB Saunders; 2005:552. Copyright 2005, Elsevier. 


Table 12. Medical Therapy for Systolic Heart Failure by 
Functional Status 


Initial Therapy 
All NYHA classes (I-IV): 


ACE inhibitor (if ACE inhibitor is not tolerated because of cough, an ARB can be used; if ACE 
inhibitor is contraindicated because of hyperkalemia or renal insufficiency, 
hydralazine/isosorbide dinitrate can be used) 


B-Blocker 
Additional Therapy 
NYHA class I-II (asymptomatic or mild symptoms): 
Diuretic as needed to maintain euvolemia 
NYHA class I-IV (moderate to severe symptoms): 
Spironolactone (if bothersome side effect of gynecomastia occurs, eplerenone can be used) 
For black patients, hydralazine/isosorbide dinitrate 
Digoxin 


Diuretic as needed to maintain euvolemia 


ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; NYHA = New 
York Heart Association. 


Table 13. Oral Medications Commonly Used for Treatment 
of Heart Failure 


Drug 


Captopril 
Enalapril 
Fosinopril 
Lisinopril 
Quinapril 
Ramipril 
Trandolapril 


Candesartan 
Losartan* 


Valsartan 


Bisoprolol* 
Carvedilol 


Metoprolol 
succinate 


Bumetanide 
Furosemide 


Torsemide 


Digoxin 


Spironolactone 


Eplerenone 


Initial Dose 
ACE inhibitors 
6.25 mg TID 
2.5 mg BID 
5-10 mg once daily 
2.5-5.0 mg once daily 
5 mg BID 
1.25-2.5 mg once daily 
1 mg once daily 
ARBs 
4-8 mg once daily 


25-50 mg once daily (may divide dose to 
twice daily) 


20-40 mg BID 

B-Blockers 
1.25 mg once daily 
3.125 mg BID 


12.5-25.0 mg daily 


Loop diuretics‘ 
0.5-1.0 mg once or twice daily 
20-40 mg once or twice daily 
10-20 mg once daily 
Digitalis 
0.125-0.250 mg once daily 
Aldosterone antagonists 
12.5 to 25.0 mg once daily 
25 mg once daily 


Maximum Dose 


50 mg TID 

10-20 mg BID 

40 mg once daily 
20-40 mg once daily 
20 mg BID 

10 mg once daily 

4 mg once daily 


32 mg once daily 
50-100 mg once daily 


160 mg BID 


10 mg once daily” 


25 mg BID; 50 mg BID for 
>85 kg” 


200 mg once daily” 


Up to 10 mg daily* 
Up to 600 mg daily? 
Up to 200 mg daily? 


0.125-0.250 mg once daily 


50 mg once daily 
50 mg once daily 


ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BID = twice daily; 
TID = three times daily. 


“Off-label use. 
Target dose. 


“Thiazide diuretics are not listed but may be appropriate for patients with mild heart failure or 
associated hypertension or as a second diuretic in patients refractory to loop diuretics alone. 


“Titrate to achieve dry weight. 


Information from Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 Guideline Update 
for the Diagnosis and Management of Chronic Heart Failure in the Adult: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines 
(Writing Committee to Update the 2001 Guidelines for the Evaluation and Management of Heart 
Failure): developed in collaboration with the American College of Chest Physicians and the 
International Society for Heart and Lung Transplantation: endorsed by the Heart Rhythm 
Society. Circulation. 2005;112(12):e154-e235. [PMID: 16160202] 
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Initiation and Titration of Medical Therapy 


Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor Blockers 
B-Blockers 

Initiating Angiotensin-Converting Enzyme Inhibitors and B-Blockers 

Diuretics 

Digoxin 

Spironolactone 


Hydralazine and Isosorbide Dinitrate 
Calcium Channel Blockers 
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Angiotensin-Converting Enzyme Inhibitors and Angiotensin 
Receptor Blockers 


Angiotensin-converting enzyme (ACE) inhibitors are indicated for treatment of any and all 
NYHA functional class systolic heart failure, including asymptomatic (NYHA class I) patients. 
ACE inhibitors reduce mortality and morbidity in asymptomatic and symptomatic patients and 
delay the onset of clinical heart failure in patients with asymptomatic left ventricular 


dysfunction. Overall, ACE inhibitor therapy reduces mortality by about 20%, risk for myocardial 
infarction by about 20%, and hospitalization for heart failure by 30% to 40%. ACE inhibitors 
increase concentrations of bradykinin, which, in addition to beneficial cardiovascular effects, 
causes a side effect of cough in some patients. 


Angiotensin receptor blockers (ARBs) also reduce mortality and morbidity in patients with 
systolic heart failure. The primary reason to use an ARB instead of an ACE inhibitor is to avoid 
the side effect of cough. In general, there is a lower incidence of hyperkalemia and no significant 
difference with regard to the incidence of renal insufficiency with ARB treatment. Angioedema 
is a very rare but potentially life-threatening side effect of ACE inhibitor therapy, and patients 
who experience angioedema should avoid both ACE inhibitors and ARBs. Combined treatment 
with an ACE inhibitor and ARB is generally not recommended, as concurrent therapy is 
significantly associated with increased risk of medication nonadherence and adverse effects, 
including worsening renal function and symptomatic hypotension, whereas the additional benefit 
of using these two medications together is not well established. ACE inhibitors are currently 
preferred over ARBs for most patients because there is more clinical experience with these 
agents. 


Initiation of vasodilators such as ACE inhibitors, ARBs, or hydralazine should be avoided in the 
setting of hypovolemia because the risk of hypotension is increased if the patient is not volume 
replete. If contraindications such as renal failure or hyperkalemia are present, 
hydralazine/isosorbide dinitrate combination is a suitable alternative to an ACE inhibitor or 
ARB. 


The relative benefit of high- versus low-dose ACE inhibitors is minor; there may be fewer 
hospitalizations with higher dosages, but no survival benefit has been demonstrated. Follow-up 
blood work after initiation of an ACE inhibitor should include serum potassium and creatinine 
levels within 1 or 2 weeks after starting. Abrupt withdrawal of an ACE inhibitor should be 
avoided because it can result in rapid clinical deterioration. 
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B-Blockers 


As with ACE inhibitors, B-blockers are indicated for treatment of systolic heart failure of any 
NYHA functional class, including asymptomatic (NYHA class I) and severe (NYHA class IV) 
patients. Treatment with a B-blocker is consistently associated with a roughly 30% reduction in 
total mortality. Both sudden death and death due to pump failure are reduced. In the United 
States, carvedilol and extended-release metoprolol (metoprolol succinate) are currently approved 
for the treatment of heart failure. The issue of which B-blocker is better is still controversial. 
Although a large randomized trial compared carvedilol with short-acting metoprolol (metoprolol 
tartrate), there has not been a direct comparison of carvedilol with extended-release metoprolol. 


In general, B-blockers should not be initiated when a patient is acutely decompensated 
(hypotensive or volume overloaded), as initiation of therapy is associated with a transient decline 


in cardiac output. B-Blockers can be initiated and tolerated once euvolemia or near-euvolemia 
has been established, even prior to hospital discharge. Even patients with severe heart failure 
(symptoms at rest or with minimal exertion; left ventricular ejection fraction <25%) typically can 
tolerate initiation and maintenance therapy with a B-blocker. Many of the large randomized 
controlled trials assessing B-blocker therapy excluded patients with systolic blood pressure below 
85 mm Hg; thus, a systolic blood pressure of 85 mm Hg or greater is a reasonable range to allow 
initiation of a B-blocker. 


In a small proportion of patients (<1% in some trials), initiation of a B-blocker results in 
significant fatigue. Fatigue generally resolves over the course of several weeks, but if it is 
intolerable to the patient, it can be relieved by reducing the dose or discontinuing the medication. 
Re-initiation of the B-blocker at a later time or with a different agent may be better tolerated. 


Hypotension associated with -blocker use is usually asymptomatic, manifests within 24 to 48 
hours of the first dose or increase in dose, and generally diminishes over time. B-Blockers can 
usually be continued during decompensated states of heart failure if the patient was previously 
stable while on B-blocker therapy, unless the decompensation is so severe that there is evidence 
for end-organ hypoperfusion or that intravenous vasoactive medications are needed. 


The risk of exacerbating bronchospastic pulmonary disease with B-blockers is low, except in 
patients with the most refractory pulmonary disease. If reactive airways disease is a concern, 
more cardioselective (Bı receptor—selective) agents such as metoprolol should be used. The 
cardioselective B-blockers do not cause clinically significant respiratory effects in patients with 
chronic obstructive pulmonary disease or with mild to moderate reactive airways disease. 
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Initiating Angiotensin-Converting Enzyme Inhibitors and B- 
Blockers 


Factors that help in determining whether to initiate an ACE inhibitor (or ARB), a B-blocker, or 
both, include blood pressure, serum creatinine and potassium levels, and existence of any 
potential contraindications to either therapy. If the patient is euvolemic with an acceptable blood 
pressure and without significantly elevated creatinine or potassium levels, he or she can likely 
tolerate initiation of both an ACE inhibitor and a B-blocker. Although it would be ideal to attain 
the same doses of ACE inhibitors used in clinical trials, given the minor benefit with higher 
doses versus the significant reduction in mortality and morbidity with the addition of a B-blocker, 
it is more beneficial to add a B-blocker than to increase the ACE inhibitor dose. The risk of 
hypotension can be minimized by staggering the timing of B-blocker and ACE inhibitor dosing 
with other agents that can lower blood pressure. 
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Diuretics 


Diuretics are used for the management of volume overload and typically are needed acutely to 
achieve euvolemia before starting B-blocker therapy and on a long-term basis to prevent 
recurrent volume overload. Spironolactone is the only diuretic that has been shown to improve 
survival in heart failure (for NYHA class III-IV patients); at the doses typically used for heart 
failure treatment, however, the diuretic effect is weak. In general, loop diuretics, such as 
furosemide, bumetanide, and torsemide, are used for volume management in heart failure 
because of their superior natriuretic effects compared with other classes of diuretics. 


Management of diuretic resistance includes restriction of fluid and sodium intake, changing the 
route or timing of administration of the diuretic, and combining diuretics. Although specific 
practices vary among centers and practitioners, a general guideline for sodium restriction is a 
daily intake of less than 2000 mg, and for fluid restriction, a daily intake of no more than 2 L, 
with adjustments made according to the patient’s clinical status. Diuretic resistance that occurs 
because of poor absorption due to gut edema can be addressed by switching to a diuretic with 
greater bioavailability (bumetanide or torsemide) or switching to the intravenous route of 
administration. Apparent diuretic resistance may also occur because of inadequate dosing. If 
increased urine output does not occur within approximately 1 hour of taking the diuretic dose, 
the dosage is inadequate and should be doubled. If the urine output is adequate after each dose, 
greater diuresis can be achieved by increasing the number of doses per day. Greater diuresis can 
also be achieved by adding a synergistic diuretic agent, most commonly a thiazide diuretic 
(hydrochlorothiazide and metolazone are frequently used). For hospitalized patients, if maximal 
doses of intermittent intravenous diuretics are not effective for volume overload, a continuous 
infusion of a loop diuretic can be used. 
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Digoxin 


The role of digoxin in treating heart failure patients in sinus rhythm is primarily for symptom 
control rather than improving survival. Treatment with digoxin has not been shown to affect 
mortality but has been shown to reduce hospitalizations. Digoxin can be added to other therapy 
in patients with NYHA class III or IV heart failure for symptom control. Maintaining lower 
serum concentrations of digoxin is as effective as maintaining higher concentrations, and 
potential toxicities are avoided. Higher digoxin levels (=1.2 ng/mL [1.5 nmol/L] versus 0.5—0.8 
ng/mL [0.64-1.02 nmol/L]) appear to be associated with higher mortality. 
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Spironolactone 


In NYHA class II-IV heart failure, spironolactone is recommended in addition to ACE inhibitor 
and $-blocker therapy. Spironolactone further blocks the actions of aldosterone, which is not 
completely suppressed by chronic ACE inhibitor therapy; aldosterone has adverse effects of 
sodium retention, potassium wasting, and myocardial fibrosis. The RALES trial demonstrated a 
30% reduction in risk of death and 35% reduction in risk of hospitalization for heart failure in 
patients with severe heart failure treated with spironolactone versus placebo. The incidence of 
serious hyperkalemia was low (2%) in the treatment group, although outside of the environment 
of a controlled clinical trial, appropriate prescription practices and close laboratory monitoring 
are necessary to avoid problems associated with hyperkalemia. 


The ACC/AHA 2005 heart failure guidelines include several measures to reduce the risk of 
hyperkalemia in patients taking aldosterone antagonists. Impaired renal function is a risk factor 
for hyperkalemia, with risk increasing progressively when the serum creatinine level exceeds 1.6 
mg/dL (122.1 umol/L) or the glomerular filtration rate drops to 30 mL/min/1.73 m? or less. In 
addition, the risk of hyperkalemia increases with concurrent use of higher doses of ACE 
inhibitors (captopril >75 mg/d; enalapril or lisinopril >10 mg/d). Serum potassium levels and 
renal function should be monitored closely in all patients: values should be checked 3 days and 1 
week after initiation of therapy and at least monthly for the first 3 months. In general, if the 
baseline serum potassium level is greater than 5.0 meq/L (5.0 mmol/L), aldosterone antagonists 
should not be given. To reduce the risk of hyperkalemia, NSAIDs and cyclooxygenase 2 (COX- 
2) inhibitors should be avoided, and potassium supplements should be avoided or reduced. 


The selective aldosterone blocker eplerenone has been shown to reduce mortality risk by 15% 
among patients with left ventricular dysfunction after acute myocardial infarction. In the United 
States, eplerenone is currently approved for treatment of patients with left ventricular 
dysfunction after myocardial infarction as well as for hypertension. Eplerenone can be used in 
place of spironolactone if spironolactone is not tolerated because of gynecomastia. 
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Hydralazine and Isosorbide Dinitrate 


The African-American Heart Failure trial (AAHeFT) demonstrated that black patients with 
severe heart failure (NYHA class II-IV) had a significant reduction in mortality (approximately 
40% reduction) with the addition of hydralazine and isosorbide dinitrate to standard heart failure 
therapy (including ACE inhibitor or ARB, B-blocker, spironolactone, digoxin, and diuretics as 
determined appropriate by the patient’s physician). As with initiation of other vasodilators, blood 
pressure should be checked prior to starting hydralazine and isosorbide dinitrate. Most patients 
with severe heart failure tolerate the addition of hydralazine and isosorbide dinitrate without 
hypotension problems because the additional vasodilation usually increases cardiac output. 
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Calcium Channel Blockers 


First-generation calcium channel blockers (such as nifedipine) have been shown to increase the 
risk of heart failure decompensation and hospitalization; however, second-generation 
dihydropyridine calcium channel blockers do not appear to increase the risk of heart failure 
decompensation or adversely affect mortality. These agents can be used in patients with heart 
failure for the management of hypertension or angina not adequately controlled with other agents 
such as ACE inhibitors or B-blockers. Amlodipine and felodipine are the only calcium channel 
blockers with demonstrated neutral effects on mortality in patients with heart failure in large- 
scale randomized controlled trials. 
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Treatment of Heart Failure with Preserved Systolic 
Function 


Treatment of heart failure with preserved systolic function focuses on controlling exacerbating 
factors, including ischemia, hypertension, and tachycardia, and also managing symptoms of 
pulmonary and peripheral congestion. Unlike for systolic heart failure, few large clinical trials 
have been published to determine optimal therapy for heart failure with preserved systolic 
function, although one large trial (CHARM-Preserved) does suggest that treatment with the ARB 
candesartan may reduce hospitalizations. 
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Device Therapy 


The primary areas to assess when determining whether a heart failure patient might benefit from 
implantable cardioverter-defibrillator (ICD) or biventricular pacemaker placement are ejection 
fraction for ICD implantation, and functional status and evidence of ventricular dyssynchrony for 
cardiac resynchronization therapy (CRT). The most common cause of sudden death in patients 
with heart failure is arrhythmia, including both ventricular tachyarrhythmia and bradyarrhythmia. 
This section discusses the ICDs for primary prevention (no history of resuscitation from sudden 
cardiac death) in patients with systolic heart failure. See Arrhythmias for further discussion of 
secondary prevention of sudden cardiac death and ICD implantation. Indications for device 
therapy are listed in Table 14. 


Table 14. Indications for Device Therapy in Heart Failure 


Implantable Cardioverter-Defibrillator 
NYHA class II or III while on optimal medical therapy and 


Expectation of survival >1 year and 
Either of the following: 
Ischemic or nonischemic cardiomyopathy with ejection fraction <35% (primary prevention) 
History of hemodynamically significant ventricular arrhythmia or cardiac arrest (secondary 
prevention) 
Cardiac Resynchronization Therapy 
All of the following: 
NYHA class III or IV 
Ejection fraction <35% 
Ventricular dyssynchrony (QRS >120 msec, left bundle branch block) 


NYHA = New York Heart Association. 


Recommendations from Epstein AE, Dimarco JP, Ellenbogen KA, et al; American College of 
Cardiology; American Heart Association Task Force on Practice Guidelines; American 
Association for Thoracic Surgery; Society of Thoracic Surgeons. ACC/AHA/HRS 2008 
Guidelines for device-based therapy of cardiac rhythm abnormalities. Heart Rhythm. 
2008;5(6):e1-62. [PMID: 18534360] 
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Implantable Cardioverter-Defibrillator Placement for 
Primary Prevention of Sudden Cardiac Death 


In patients with left ventricular dysfunction and hemodynamically significant ventricular 
tachycardia or who were resuscitated after sudden cardiac death, ICD implantation has been 
shown to improve survival. The primary eligibility criterion for ICD implantation for primary 
prevention of sudden cardiac death in the setting of heart failure is left ventricular ejection 
fraction, regardless of the presence or absence of coronary disease or the occurrence of non— 
hemodynamically significant arrhythmia. The eligibility criteria include the presence of NYHA 
class II or III symptoms; however, there are less data to guide the use of ICDs in patients with 
NYHA class I or IV symptoms. 
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Cardiac Resynchronization Therapy 


Interventricular conduction delay is common in patients with heart failure and results in poor 
coordination of ventricular contraction, which contributes to the hemodynamic consequences of 
chronic left ventricular systolic dysfunction. A biventricular pacemaker includes three leads: one 


lead located in and pacing the right ventricle, one lead in the coronary sinus to pace the left 
ventricle, and one lead in the right atrium to sense intrinsic rhythm to ensure an appropriate 
atrioventricular timing interval. Patients with heart failure frequently have indications for both a 
biventricular pacemaker and an ICD; both functions can be governed with a single pulse 
generator. 


CRT improves quality of life, reduces symptoms, and increases exercise capacity. In addition, a 
meta-analysis found a 37% reduction in hospitalizations and a 22% reduction in all-cause 
mortality in patients with left ventricular systolic dysfunction, prolonged QRS duration, and 
NYHA class III or IV symptoms who received CRT. Current standard criteria for biventricular 
pacing clearly need improvement, however, as up to one-third of patients meeting these criteria 
do not demonstrate the expected clinical benefit, and research aimed at refining the selection 
criteria is ongoing. CRT is not currently standard therapy for NYHA class I or II heart failure, 
but studies are ongoing to assess this area. 
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Management of Chronic Heart Failure 


e Disease Management Team Approach 
e Serial Assessment 
e Assessing Prognosis 
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Disease Management Team Approach 


Follow-up for patients with chronic heart failure is facilitated by a multidisciplinary heart failure 
clinic with nurses playing a major role. The role of the heart failure nurse is central to monitoring 
and managing patient symptoms, laboratory evaluations, medication titration, and continued 
reinforcement of appropriate lifestyle modifications such as sodium restriction. This oversight 
allows a degree of intensity that is not possible in most clinics that do not specialize in chronic 
disease management. Such a multidisciplinary approach has been shown to reduce recurrent 
heart failure hospitalizations. However, a randomized controlled trial of 1023 patients (COACH) 
found only a nonsignificant trend toward improved survival with heart failure nurse 
management. 
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Serial Assessment 


Serial assessment of chronic heart failure includes determination of volume status and functional 
status and, when appropriate, assessment of prognosis. Functional status is most commonly and 
easily assessed by NYHA classification, which is ascertained by subjective patient report. An 
easily performed, more objective measure of functional capacity is the 6-minute walk test. An 
inability to walk more than 300 meters in a 6-minute walk test is associated with a 3- to 4-fold 
higher risk of death. If more specific information is required for functional status assessment, 
cardiopulmonary exercise testing can also be performed. Volume status can be assessed by 
physical examination and change in weight. In selected patients, hand-held ultrasonography to 
assess inferior vena cava size—and thus volume status—may be useful. 


Serial laboratory assessment primarily focuses on electrolytes and renal function, as both are 
affected by many medicines used in the treatment of heart failure. Changes in cardiac function 
and the state of disease compensation may also affect these values. Increased serum creatinine or 
hepatic aminotransferase levels may indicate a decline in systemic perfusion due to reduced 
cardiac output or increased congestion due to high venous filling pressures associated with 
volume overload. 


Ongoing assessment should look for potential factors that may exacerbate heart failure (see 
Acute Exacerbation of Chronic Heart Failure). The risk of coronary artery disease, which may 
worsen heart failure, is reduced by properly managing dyslipidemia, diabetes, and hypertension, 
as well as by smoking cessation. 
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Serial B-Type Natriuretic Peptide Measurement 


In the context of management of chronic heart failure, measurement of BNP level may be helpful 
if the patient’s volume status is not clear by physical examination and routine laboratory studies. 
Otherwise, there are no robust data to support routine serial measurements of BNP levels in the 
management of chronic heart failure, although this is an area of ongoing research. High BNP 
level at time of hospital discharge is associated with higher risk of subsequent death and re- 
hospitalization, with progressively increasing risk with higher BNP levels. One study found a 5- 
fold risk of death or readmission if the discharge BNP level was between 350 and 700 pg/mL, 
and a 15-fold risk of death or readmission if the BNP levels were greater than 700 pg/mL 
(compared with BNP <350 pg/mL). 


Although levels of BNP correlate with severity of heart failure symptoms and prognosis, large- 
scale prospective randomized trials of clinical care guided by BNP levels have not demonstrated 
reduction in hard endpoints such as mortality; clinical benefits such as reduced hospitalization 
have primarily been associated with more intensive titration of medical therapy such as ACE 
inhibitors and B-blockers. In the multi-center TIME-CHF trial, compared to symptom-guided 
therapy, BNP-guided therapy did not improve quality of life or 18-month survival free of any 
hospitalization. Of note, many patients taking optimal regimens of medications and who are 
clinically compensated have chronically elevated BNP levels, whereas some patients who are 
clinically decompensated have relatively lower BNP levels. Interpretation of the significance of 


BNP findings should be made in the context of the clinical scenario and with the knowledge of 
factors independent of heart failure status that affect BNP results (see Laboratory Evaluation). 
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Echocardiography in Chronic Heart Failure 


Reassessment of ejection fraction with echocardiography is most useful when there is a notable 
change in clinical status rather than at regular or arbitrary intervals. Changes in ejection fraction 
should be considered in the context of the patient’s clinical status and are frequently in 
concordance with the patient’s physical examination or interval history. Rarely should clinical 
management be guided solely by changes in ejection fraction alone in the absence of other 
concurrent clinical data. Improvement may indicate response to medical therapy or recovery 
from a prior event, such as myocarditis, whereas deterioration may indicate disease progression 
or an intervening event such as myocardial infarction. Ejection fraction and valvular 
regurgitation (in particular, mitral and tricuspid valves) may be worsened in decompensated, 
volume-overloaded states and frequently improve once euvolemia is restored. 
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Assessing Prognosis 


Various models have been developed to help assess prognosis in chronic heart failure. Of note, 
these models predict survival for populations and can at best provide only an approximation of 
risk on an individual level. A more recently developed tool, the Seattle Heart Failure Model, 
provides an individualized risk assessment for ambulatory patients with systolic heart failure 
based on several predictors of survival, including age and sex, cause of ischemia, NYHA class, 
ejection fraction, systolic blood pressure, medication use, current device modalities, and other 
biomarkers of risk. These easily assessed factors are combined in a predictive model that yields 
estimated survival at 1, 2, and 5 years. In addition, the effect of various interventions (for 
example, adding an ACE inhibitor or implanting an ICD) on estimated survival can be 
calculated. Knowledge of prognosis can assist the clinician in discussion of appropriate 
management, including referral for hospice services, with patients and their families. The Seattle 
Heart Failure Model can be accessed online at www.SeattleHeartFailureModel.org. 
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Acute Exacerbation of Chronic Heart Failure 


Decompensation of chronic heart failure should trigger a diligent search for initiating factors. 
Estimates vary significantly, but preventable precipitating factors, such as dietary or medication 
noncompliance, may account for 25% to 50% of hospital admissions for heart failure 


decompensation. Arrhythmias and superimposed illness such as infection account for 
approximately 20% to 30%, and hypertension and myocardial ischemia account for 
approximately 10% each. Other precipitating factors include obesity, deleterious medications 
(such as NSAIDs), and drug use (alcohol, stimulants). 


In patients with severe heart failure, decompensation may be caused by volume overload, low 
cardiac output, or a combination of both. Low cardiac output, which may be due to a fluctuation 
in disease severity, disease progression, or a superimposed stressor (such as another illness or 
negative inotropic medication), causes systemic hypoperfusion. Patients with low output 
typically present with general symptoms that overlap with those of volume overload, including 
fatigue and dyspnea. 


Evaluation of the patient with acute exacerbation of chronic heart failure focuses on identifying 
any precipitating factors and assessing the patient’s clinical status with regard to volume and 
perfusion status. A careful history may reveal evidence for dietary or medication noncompliance 
or use of inappropriate medications or toxic substances. Most patients with decompensated heart 
failure have physical signs of volume overload or low cardiac output. However, it is not 
uncommon for patients with long-standing heart failure, particularly if it is severe, to have 
unrevealing or confusing physical examination findings (such as the absence of pulmonary 
crackles) despite actual decompensation. 
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Cardiogenic Shock 


Most patients with acute exacerbation of chronic heart failure can be managed by treatment of 
the exacerbating factors along with diuresis and reinstitution of afterload reduction. However, if 
cardiac output is decreased (in the absence of hypovolemia) to such a degree as to cause tissue 
and end-organ hypoperfusion, then cardiogenic shock is present. Clinically, the patient manifests 
evidence of hypoperfusion, including worsened renal function, decreased mental status, or cool 
extremities. Extensive myocardial infarction accounts for up to 75% of all cases of cardiogenic 
shock, with the remainder due to other conditions, including acute myocarditis, end-stage 
cardiomyopathy, or prolonged cardiopulmonary bypass. 


Hemodynamic criteria for the diagnosis of cardiogenic shock include sustained hypotension and 
reduced cardiac index (<2.2 L/min/m’) in the setting of elevated pulmonary capillary wedge 
pressure (>15 mm Hg). A commonly used definition for sustained hypotension is systolic blood 
pressure less than 90 mm Hg for more than 30 minutes. This definition is reasonable in patients 
without known prior heart failure; however, given that normal baseline blood pressure can be in 
this range in patients with chronic moderate to severe heart failure, the cut-off for patients with 
known heart failure can reasonably be lower, in the range of 80 to 85 mm Hg. 


The approach to cardiogenic shock includes treatment of hemodynamic derangements and 
diagnosis of cause, which may determine the treatment method. ECG and, in most cases, 
echocardiography, should be performed. Some causes thus revealed require urgent, specific 


interventions, including revascularization for acute myocardial infarction, surgical repair for 
ventricular rupture or acute mitral regurgitation, and pericardiocentesis for tamponade. In 
addition to etiology-specific interventions, treatment goals include correcting hypotension, 
optimizing intracardiac filling pressures, and improving end-organ perfusion. Figure 7 presents a 
flow chart for assessment and management of the spectrum of exacerbation of heart failure and 
cardiogenic shock. Continuous intravenous infusion of positive inotropic agents may be 
indicated for short-term (hours to days) treatment of cardiogenic shock. However, although these 
agents are useful acutely and improve short-term hemodynamics and symptoms, they increase 
intermediate- and long-term mortality. Placement of a pulmonary artery catheter in selected 
patients can assist in addressing hemodynamic derangements, although use of a pulmonary artery 
catheter does not ultimately appear to affect survival in critically ill patients or those with 
decompensated heart failure. 


If the patient remains refractory or minimally responsive to medical therapy, placement of an 
intra-aortic balloon pump is generally indicated. This device inflates during diastole and deflates 
during systole, thereby improving coronary perfusion and reducing afterload. Finally, if 
cardiogenic shock is refractory to these measures, ventricular assist device implantation and/or 
cardiac transplantation can be considered for appropriate candidates. 


| Evaluate hemodynamics | 


I 


Adequate perfusion? 


No b 
Uncertain 


Yes 


Volume status 


Intravenous inotropic Consider PAC 
support placement, 
Consider PAC especially if 
placement hemodynamically 
unstable 


Uncertain 


overloaded 
Uncertain Volume overloaded Hypovolemic | Diuretics | glen epee 
Cardiogenic shock Cardiogenic shock present 
probable Consider PAC placement if 
Recommend PAC hemodynamically unstable 
placement 


Diuretics once blood 
pressure acceptable on 
inotropic support 


Volume 
resuscitation 


If inadequate perfusion 
persists, consider 


IABP or mechanical 
circulatory support 


Figure 7. Suggested Management of Hemodynamic 
Derangements in Decompensated Heart Failure and 
Cardiogenic Shock. 


IABP = intra-aortic balloon pump; PAC = pulmonary artery catheter. 
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Advanced Refractory Heart Failure 


Prolonged continuous infusion (days to months) of an inotropic agent may be necessary as a 
bridge to cardiac transplantation or as chronic palliative therapy in end-stage heart failure. In 
selected patients with severe end-stage heart failure, chronic infusion of inotropic agents 
improves symptoms and functional status in many patients and may reduce the number of 
hospitalizations. Mortality is high, however, ranging from 40% to 95% over a 3- to 6-month 
period in various series. 


For patients with end-stage heart failure refractory to therapy, mechanical circulatory support 
and cardiac transplantation are potentially lifesaving options. The mechanical circulatory support 
device most commonly used is the left ventricular assist device (VAD), a surgically implanted 
pump. Inflow into the VAD is from a cannula in the left ventricular apex, with blood return to 
the ascending aorta via a second cannula. VADs are used as a bridge to cardiac transplantation, 
for recovery from severe cardiogenic shock, and as an alternative to medical therapy for patients 
not eligible for transplantation. Referral for transplantation or VAD implantation should be 
considered if the patient displays evidence of refractory heart failure, including poor functional 
status, persistent hypotension, recurrent hospitalizations due to heart failure, or renal failure due 
to poor perfusion. Although specifics vary by center, general guidelines regarding indications 
and contraindications to VAD implantation and cardiac transplantation are shown in Table 15. 


Cardiac transplantation remains the gold standard for treatment of end-stage heart failure, and for 
appropriate candidates, functional status and survival are improved. However, considerable care 
must be taken to select appropriate candidates. Patients with comorbidities that would 
significantly increase the risks of surgery or chronic immunosuppression or would limit potential 
for rehabilitation after transplantation would not be suitable candidates. Candidates listed for 
cardiac transplantation should have an estimated likelihood of death due to heart failure that is 
greater than the risk of death or significant morbidity related to undergoing transplantation and 
chronic immunosuppression. 


The international 1-year survival rate following heart transplant is about 85%, with a 3% to 4% 
annual decline subsequently. Early mortality primarily results from infection or acute graft 
failure. Later mortality is frequently related to the accelerated coronary disease that is typical of 
heart transplant patients, characterized by diffuse intimal thickening (transplant vasculopathy). 


Other problems after transplantation result from immunosuppression (infection and neoplasm) 
and side effects from medications (renal failure, new or worsened diabetes, hypertension, 
dyslipidemia). 


In patients with end-stage heart failure in whom further active therapies are not options, either 
due to medical contraindication, futility, or patient desire, end-of-life issues should appropriately 
be addressed, including advanced directives and hospice care. Hospice care does not preclude the 
use of intravenous inotropic agents or diuretics for symptom palliation. Deactivation of a 
patient’s ICD also should be considered. 


Table 15. Indications and Contraindications for Cardiac 
Transplantation or Ventricular Assist Device 


Indications (Any of the Following; in the Absence of Contraindications) 
Refractory cardiogenic shock 
Dependence on intravenous inotropic support to maintain adequate organ perfusion 


Severely limited functional capacity despite optimal medical therapy (peak VO2 <10-14 
mL/kg/min) 


Severe ischemia despite optimal medical therapy that consistently limits routine activity and is 
not amenable to percutaneous or surgical revascularization 


Recurrent significant ventricular arrhythmias refractory to optimal therapies 
Insufficient Indication Alone 
Low ejection fraction 
History of New York Heart Association class III or IV symptoms 
Potential Contraindications (Center-Specific) 
Diabetes with end-organ damage, such as nephropathy or retinopathy 
Major chronic disabling illness, such as systemic lupus erythematosus or severe arthritis 
Severe pulmonary hypertension 
Severe peripheral vascular disease 
Active infection 


Significant chronic and likely irreversible functional impairment of other vital organs, such as 
renal failure, cirrhosis, or chronic obstructive pulmonary disease 


Active substance abuse, including smoking 
Obesity 

Current mental or psychosocial instability 
Active or recent malignancy 
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Investigational Therapies for Heart Failure 


In patients with heart failure, vasopressin-receptor antagonists result in favorable changes in 
hemodynamics and urine output and normalization of hyponatremia, without significant changes 
in blood pressure or heart rate. Short-term mortality and morbidity do not appear adversely 
affected; long-term effects are still being studied. The vasopressin-receptor antagonist 
conivaptan is currently approved by the U.S. Food and Drug Administration only for treatment 
of hyponatremia in euvolemic hospitalized patients and is not approved for treatment of heart 
failure at this time. 


Nesiritide is a recombinant human B-type natriuretic peptide with venous, arterial, and coronary 
vasodilatory properties without direct inotropic effects. Several short-term trials (mostly of less 
than 48 hours' treatment duration) examining patients hospitalized with acute heart failure 
decompensation due to volume overload and low cardiac output demonstrated favorable 
hemodynamic effects. However, a meta-analysis of nesiritide trials suggested increased short- 
term mortality after treatment for acutely decompensated heart failure. Current data do not 
support routine outpatient treatment with intermittent nesiritide infusions. 


Anticoagulation is currently recommended only for other conditions often encountered in heart 
failure patients, such as atrial fibrillation, intracardiac thrombus, and history of thromboembolic 
disease. Research is ongoing to assess the utility of anticoagulation solely for the treatment of 
low ejection fraction. 


Preliminary studies of ultrafiltration for acute decompensated heart failure due to volume 
overload suggest that this method may be an effective way to remove fluid. A potential 
advantage of ultrafiltration over traditional diuretics is restoration of diuretic responsiveness 
owing to reduced neurohormonal activation. Studies of ultrafiltration have largely involved 
hospitalized patients with moderate to severe heart failure. Studies are ongoing regarding 
appropriate selection criteria for treatment as well as long-term effects on morbidity and 
mortality. 


External counterpulsation is a treatment that involves a device with sequentially inflating cuffs 
around the lower extremities coordinated with the cardiac cycle. This treatment aims to reduce 
afterload and augment coronary perfusion during diastole and may improve endothelial function 
of the coronary vasculature. While this therapy has decreased angina in patients with coronary 
disease, the long-term effects in heart failure are still being studied. 
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Specific Cardiomyopathies 


Specific cardiomyopathies may require specific testing or treatment beyond that generally 
recommended for systolic heart failure. The distribution of specific cardiomyopathies varies 
worldwide by region. A large proportion of cardiomyopathy in Africa results from nonischemic 


causes, including dilated cardiomyopathy, rheumatic heart disease, and peripartum 
cardiomyopathy, whereas a significant proportion in North America and Europe (50% to 75%) 
results from coronary artery disease and hypertension. 
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Takotsubo Cardiomyopathy 


Takotsubo cardiomyopathy is a recently described transient form of acute ventricular 
dysfunction that generally occurs in the setting of intense emotional or physiologic stress (for 
example, a loved one’s death, an argument, or an earthquake). This phenomenon is also called 
transient left ventricular apical ballooning, stress-induced cardiomyopathy, and, colloquially, 
“broken heart syndrome.” Patients typically present with signs and symptoms mimicking acute 
myocardial infarction, including chest pain, ST-segment elevation, and elevated cardiac enzyme 
levels. The vast majority of patients in the published literature are women, with average age in 
the sixties to seventies. Cardiac imaging reveals dilation and akinesis of the left ventricular apex 
and mid-ventricle with relatively normal function of the basal segments, in the absence of 
obstructive epicardial coronary disease on angiography. The etiology of Takotsubo 
cardiomyopathy is still unknown, although it may be related to microvascular endothelial 
dysfunction or spasm or catecholamine-induced myocardial damage or stunning. Cardiac 
dysfunction generally resolves in days to weeks with supportive care. Associated mortality and 
risk for recurrence appear to be low. 
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Acute Myocarditis 


Acute myocarditis is an inflammation of the heart muscle with a wide range of clinical 
presentations, from asymptomatic to acute cardiogenic shock. The primary mechanism 
underlying myocarditis appears to be immunologically mediated damage to the myocardium. 
Cardiac troponin levels are typically elevated, indicating some degree of myocardial necrosis, 
and ventricular dysfunction may be global or regional. Therapy generally consists of standard 
care for heart failure tailored to the severity of the myocarditis. Anti-inflammatory or immune- 
modulating therapy with corticosteroids or other immunosuppressive agents is controversial. 
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Tachycardia-Mediated Cardiomyopathy 


Tachycardia-mediated cardiomyopathy is myocardial dysfunction caused by structural and 
cellular changes in the myocardium that develop as a result of chronic tachycardia. The 
tachycardia is usually supraventricular, but cases associated with ventricular tachycardias have 


also been described. Regardless of the causative arrhythmia, the primary treatment for 
tachycardia-mediated cardiomyopathy is to slow or eliminate the arrhythmia using medications 
for rate or rhythm control or radiofrequency catheter ablation as indicated. In addition, it is 
important to treat underlying conditions that may be contributing to the tachycardia, such as 
hyperthyroidism. In true cases of tachycardia-mediated cardiomyopathy, resolution of 
tachycardia usually results in normalization of myocardial structure and function in weeks to 
months. 
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Arrhythmogenic Right Ventricular Dysplasia 


Arrhythmogenic right ventricular dysplasia involves a pathologic fibrofatty infiltration of the 
right ventricle evident on biopsy or by MRI. There is typically significant right ventricular 
enlargement and dysfunction that is out of proportion to generally preserved left ventricular 
function. Sudden death may be the initial presentation. Up to 50% to 60% of patients die of 
progressive heart failure. 
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Giant Cell Myocarditis 


Giant cell myocarditis is a rare disease of uncertain etiology characterized by marked 
biventricular enlargement and sometimes refractory ventricular arrhythmias, usually in young to 
middle-aged adults. This disease generally presents as fulminant cardiogenic shock and is 
usually rapidly fatal, with a 90% short- and intermediate-term mortality rate. Cardiac 
transplantation is the treatment of choice, although giant cell myocarditis may recur in the 
transplanted heart. 
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Myocardial Disease 


e Restrictive Cardiomyopathy 
e Hypertrophic Cardiomyopathy 
e Cardiac Tumors 


Key Points 


e Restrictive cardiomyopathy is a disease of ventricular myocardium that typically results 
in delayed diastolic relaxation, decreased compliance, and elevated filling pressures with 
nondilated ventricles. 


e Restrictive cardiomyopathy should be considered in the differential diagnosis of patients 
presenting with symptoms and signs of right-sided heart failure disproportionate to those 
of left-sided heart decompensation. 

e Differentiating restrictive cardiomyopathy and constrictive pericarditis is important 
because constrictive pericarditis may be effectively treated with pericardiectomy. 

e Elevated B-type natriuretic peptide level (>800 pg/mL) is highly sensitive but not specific 
for differentiating restrictive cardiomyopathy from constrictive pericarditis. 

e Treatment of restrictive cardiomyopathy is focused on lowering increased intracavitary 
diastolic pressures and controlling venous and systemic congestion and atrial fibrillation. 

e Bradycardia can precipitate heart failure in patients with restrictive cardiomyopathy and 
may require pacemaker support. 

e Major risk factors for sudden cardiac death in patients with hypertrophic cardiomyopathy 
are previous cardiac arrest, sustained ventricular tachycardia, and family history of 
sudden death. 

e Strenuous exercise and competitive sports should be avoided in all patients with 
hypertrophic cardiomyopathy. 

e Left atrial myxoma should be surgically removed even when the patient is asymptomatic 
to avoid systemic embolic events. 

e Myxomas may be recurrent, and periodic long-term surveillance is appropriate. 
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Restrictive Cardiomyopathy 


Restrictive cardiomyopathy is a disease of ventricular myocardium that typically results in 
delayed diastolic relaxation, decreased compliance, and elevated filling pressures with nondilated 
ventricles. Systolic function often is preserved. These cardiac changes result in pulmonary 
venous congestion, pulmonary hypertension, and right-sided heart failure early in the disease. 
Late in the disease course, systolic dysfunction affecting both ventricles may be seen. Restrictive 
cardiomyopathy is the least prevalent of all the cardiomyopathies. The differential diagnosis 
(Table 16) is broad but most cases are idiopathic. Amyloidosis is the most common diagnosis 
when a cause can be identified. 


Table 16. Characteristics of Selected Causes of Restrictive 
Cardiomyopathy 


Type Etiology Notes 
Noninfiltrative Myocardial Conditions 
Idiopathic Unknown Diagnosis of exclusion 
Scleroderma Patchy myocardial fibrosis often May result from recurrent 
associated with contraction band vasospasm of small vessels 
necrosis 


Infiltrative Myocardial Conditions 


Amyloidosis 


Sarcoidosis 


Hemochromatosis 


Fabry disease 


Endomyocardial 
fibrosis 


Eosinophilic 
cardiomyopathy 
(Löffler endocarditis) 


Toxic effect of 
anthracycline 


Radiation 
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Clinical Presentation and Evaluation 


Commonly associated with 
transthyretin gene mutation 


Noncaseating granulomas, 
inflammation, and fibrosis 


Iron deposits may be associated with 


myocardial or endocardial fibrosis 


Most common identifiable 
underlying cause of restrictive 
cardiomyopathy 

Clinical manifestations 
uncommon but may include 
ventricular arrhythmias, 
conduction block, and sudden 
death 

Most often presents as dilated 
cardiomyopathy but may present 
as restrictive form 


Myocardial Storage Conditions 


X-linked deficiency of a-galactosidase Has some features of 


causing accumulation of 
globotriaosylceramide 


Endomyocardial Disorders 


Unknown cause but may relate to 


nutritional deficiencies, eosinophilia, 


or genetics 


Hypereosinophilia, organ infiltration, 


and release of toxic mediators 


hypertrophic cardiomyopathy 


Endocardial fibrosis of the right 
and left ventricular apices, 
occurring mainly in west and 
central Africa 


Fibrosis of the endomyocardium 


Doxorubicin, daunorubicin, idarubicin, Can cause dilated or restrictive 


epirubicin, and mitoxantrone (an 


disease; risk increases with 


anthraquinone) are the most frequently concomitant irradiation 


implicated 


Diffuse fibrosis in the interstitium of | May occur years or decades after 


the myocardium 


exposure 


Prominent symptoms include fatigue, weakness, anorexia, and edema. Exercise intolerance, 
dyspnea, paroxysmal nocturnal dyspnea, and orthopnea also occur. Physical examination may 
reveal peripheral edema, jugular venous distention, hepatojugular reflux, and Kussmaul sign (an 
increase in jugular venous distention during inspiration). The apical impulse may be forceful, a 
loud S3 is usually present, and regurgitant murmurs are common. Supraventricular tachycardia 
and conduction disease are frequent complications. As the disease progresses, elevated central 
venous pressure may lead to hepatomegaly, ascites, and, in advanced cases, anasarca. 


Amyloidosis is suggested by neuropathy, marked proteinuria, and hepatomegaly disproportionate 
to other signs of right-sided heart failure. Characteristic echocardiographic features of 
amyloidosis include increased ventricular wall thickness, thickened atrioventricular valves, a 
thickened atrial septum, and pericardial effusion. On electrocardiogram, low voltage, together 
with thick ventricular walls seen on echocardiography, suggests amyloidosis (or another 
infiltrative process). Biopsy of noncardiac tissue (abdominal fat pad, rectum, or gingiva) can 
confirm the diagnosis. Endomyocardial biopsy should be considered only when a definitive 
diagnosis of cardiac involvement is needed. 


Bilateral hilar lymphadenopathy with or without pulmonary reticular opacities and skin, joint, or 
eye lesions are common presenting signs of sarcoidosis. In patients with sarcoidosis, cardiac 
involvement is suggested by the presence of arrhythmias, conduction blocks, or heart failure. 
Cardiac magnetic resonance (CMR) imaging is useful for detection of localized myocardial high- 
intensity areas, and when performed with late gadolinium enhancement, has a sensitivity of 
100% and specificity of 78% for sarcoidosis. Endomyocardial biopsy specimen showing 
noncaseating granulomas confirms the diagnosis. However, endomyocardial biopsy is only 20% 
sensitive for confirming the diagnosis. 


Cardiac symptoms are the initial presentation of hemochromatosis in up to 15% of patients. In 
patients with hemochromatosis and restrictive cardiomyopathy by echocardiography, a 
presumptive diagnosis of myocardial hemochromatosis is appropriate. If echocardiographic 
findings are equivocal, CMR imaging may demonstrate very low signal intensity of the 
myocardium due to the effects of iron deposits. Endomyocardial biopsy may also be useful; 
however, a normal biopsy does not exclude deposition of myocardial iron because the deposits 
have a predilection to involve the epicardium. 


PreviousNext 


Differentiating Restrictive Cardiomyopathy from 
Constrictive Pericarditis 


Differentiating restrictive cardiomyopathy and constrictive pericarditis is important because 
constrictive pericarditis may be effectively treated with pericardiectomy (see Pericardial 
Disease). Both diseases demonstrate a “restrictive pattern” of early rapid left ventricular filling 
on Doppler echocardiography. However, restrictive cardiomyopathy is associated with minimal 
respiratory variation in ventricular filling, whereas patients with constrictive pericarditis have 
respiratory variation of at least 15% to more than 25%. Constrictive pericarditis is associated 
with a respiratory variation in ventricular septal motion; restrictive cardiomyopathy lacks this 
finding. 


If echocardiography is equivocal, CMR imaging and cardiac CT can assess pericardial thickness, 
which is increased in 80% of patients with constrictive pericarditis but is normal in those with 
restrictive cardiomyopathy. 


Hemodynamic cardiac catheterization is warranted when results of noninvasive testing are 
equivocal. Left and right ventricular diastolic pressures are elevated in both diseases, but are 
within 5 mm Hg of each other in constrictive pericarditis as compared with the greater difference 
seen in restrictive cardiomyopathy. Finally, left and right ventricular systolic pressures rise and 
fall during the respiratory cycle discordantly (in opposite directions) in constrictive pericarditis 
but concordantly (in the same direction) in restrictive cardiomyopathy. 


Plasma B-type natriuretic peptide (BNP) levels are markedly elevated in restrictive 
cardiomyopathy (mean >800 pg/mL) but only slightly above normal (mean <130 pg/mL) in 
idiopathic constrictive pericarditis. A low BNP level is useful in ruling out restrictive 
cardiomyopathy; however, BNP levels may be elevated with some causes of constrictive 
pericarditis (for example, cardiac surgery, mantle irradiation). 
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Treatment 


e General Therapy 
e Specific Therapies 
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General Therapy 


There is no specific therapy for most forms of restrictive cardiomyopathy. Treatment is focused 
on lowering increased intracavitary diastolic pressures and controlling venous and systemic 
congestion. Loop diuretics are used to treat dyspnea and peripheral edema. However, because 
ventricular volumes are normal to small, excessive volume reduction can result in reductions in 
stroke volume and cardiac output, predisposing to orthostatic hypotension and syncope. 


B-Blockers and/or nondihydropyridine calcium channel antagonists enhance diastolic function 
and should be considered if diuretic therapy is not effective or in the presence of atrial 
tachyarrhythmias. In patients with conduction abnormalities, however, B-blockers and calcium 
channel blockers can result in third-degree heart block. Angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers improve diastolic filling and may be beneficial in 
patients with diastolic dysfunction. 


Because stroke volume is relatively fixed in restrictive cardiomyopathy, bradyarrhythmias can 
result in a significant decline in cardiac output and heart failure. Pacemaker support may be 
considered in this situation. Atrial fibrillation, with the associated loss of ventricular filling, can 
lead to rapid worsening of diastolic function, and attempts should be made to restore sinus 
rhythm with cardioversion or amiodarone. 
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Specific Therapies 


In addition to general treatment measures, treatment is directed toward specific causes when 
possible (Table 17). Cardiac function may improve with removal of iron by phlebotomy in 
hereditary forms of hemochromatosis or iron chelation therapy in other iron overload states, such 
as lifelong transfusion-dependent anemias. 


Restrictive cardiomyopathy from mutant-type transthyretin amyloidosis may regress with stem 
cell transplantation. Cardiac transplantation in patients with amyloid heart disease from AL 
amyloidosis is controversial, given its high mortality rate and the ongoing systemic nature of the 
disease that continues after transplantation. However, patients with a mutant-type transthyretin 
amyloidosis who are candidates for liver transplant should be considered for cardiac transplant if 
a severe restrictive cardiomyopathy is evident. 


Survival of patients with cardiac sarcoidosis may improve with corticosteroid treatment, which is 
most effective when started before deterioration of the left ventricular ejection fraction. 
Implantable cardioverter-defibrillators and permanent pacemakers may be justified in patients 
with cardiac sarcoidosis and recurrent syncope or sustained ventricular tachycardia. 


Table 17. Treatment Approaches for Specific Causes of 
Restrictive Cardiomyopathy 


Cause Medical Therapy Surgical Therapy 
Amyloidosis 
Familial/mutant Stem cell transplant Heart/liver transplant 
transthyretin 
AL (primary) Chemotherapy Heart transplant 
(controversial) 
AA (secondary) Specific for cause of inflammation or 
infection 


Granulomatous Disease 
Sarcoidosis First-line therapy: corticosteroids 


Second line therapy: chloroquine, 
hydroxychloroquine, cyclosporine, 
methotrexate 
Hemochromatosis 
Hereditary Phlebotomy Heart transplant 
Acquired Tron chelation 


Endomyocardial Disease 


Endomyocardial Warfarin (for documented cardiac Endomyocardectomy 
fibrosis thrombus) (palliative) 
Hypereosinophilic First-line therapy: corticosteroids Endomyocardectomy 
syndrome (palliative) 

Second-line therapy: tyrosine kinase 

inhibitor, interferon, cyclosporine, Stem cell transplant (for 

chemotherapeutic drugs treatment-resistant disease) 


Warfarin (for documented cardiac 
thrombus) 


Storage Disease 
Fabry disease a-Galactosidase A replacement 


AA = amyloid-associated; AL = amyloid light chain. 
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Hypertrophic Cardiomyopathy 


Hypertrophic cardiomyopathy is an uncommon inherited disorder that results in diffuse or focal 
myocardial hypertrophy, diastolic dysfunction, dynamic outflow obstruction, and an increased 
risk of sudden cardiac death. Inheritance is autosomal dominant; however, only about 50% of 
patients have a family history of disease, most likely due to variable penetrance and new 
mutations. Men are affected twice as frequently as women, and blacks twice as frequently as 
whites. 
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Clinical Presentation and Evaluation 


Most children or adolescents are typically asymptomatic with the diagnosis based on 
echocardiographic screening prompted by diagnosis in a relative. Affected adults may present 
with pulmonary congestion, chest pain, fatigue, palpitations, dizziness, or syncope. 


Hypertrophic cardiomyopathy is characterized by ventricular hypertrophy, diastolic dysfunction, 
ischemia, and arrhythmias. Echocardiographic findings include asymmetric hypertrophy of the 
ventricle with preserved systolic function but abnormal diastolic function. Hypertrophy typically 
affects the septum most severely, as well as the anterolateral wall and apex (Figure 8). However, 
several patterns of hypertrophy have been described; the only common feature is that the basal 
posterior wall is spared. Apical hypertrophic cardiomyopathy is a specific variant with prominent 


apical hypertrophy and an absence of outflow obstruction. Intracavitary obstruction may occur in 
hypertrophic cardiomyopathy in the mid cavity or left ventricular outflow tract and is readily 
diagnosed with Doppler echocardiography by a characteristic high-velocity late-peaking spectral 
waveform (Figure 9). 


Figure 8. Hypertrophic Cardiomyopathy. 


Two-dimensional echocardiography demonstrates marked hypertrophy of the septal wall (SW) 
and inferolateral wall (PW) from hypertrophic cardiomyopathy. 


Figure 9. Doppler Flow Image of Hypertrophic 
Cardiomyopathy. 


Continuous-wave Doppler echocardiography demonstrates a high-velocity late-peaking systolic 
waveform (arrow) across the left ventricular outflow tract from a dynamic obstruction in 
hypertrophic obstructive cardiomyopathy. 


The typical pattern of diastolic dysfunction in hypertrophic cardiomyopathy is impaired early 
diastolic relaxation, but with disease progression, impaired compliance and elevated filling 
pressures also are evident. In patients with normal ventricular wall thickness, tissue Doppler 
imaging, which allows measurement of the diastolic velocity of myocardial motion, appears 
promising for detection of patients with mutations associated with hypertrophic cardiomyopathy 
who do not yet manifest the phenotypic features. Echocardiography differentiates pathologic 
hypertrophy from compensatory hypertrophy seen in athletes ( ). 


About 25% of patients also have resting or exercise-induced dynamic outflow obstruction, 
typically in the subaortic region and predominantly during late systole. The severity of 
obstruction is more severe with small ventricular volumes, low afterload, and increased 
contractility. Left ventricular outflow obstruction usually manifests as a midsystolic harsh 
murmur loudest at the lower left sternal border or between the left sternal border and cardiac 
apex. The murmur is increased by the strain phase of the Valsalva maneuver or (more 
reproducibly) by standing and is diminished by handgrip, leg elevation, or squatting. These 
changes help to distinguish the murmur from that of aortic stenosis or mitral regurgitation. 


Electrocardiography in hypertrophic cardiomyopathy typically shows left ventricular 
hypertrophy and atrial enlargement. Deeply inverted, symmetric anterior T waves are present in 
the apical hypertrophic form (Figure 10), often mimicking ischemia. 
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Figure 10. Twelve-Lead Electrocardiography in Marked 
Apical Hypertrophy. 


ST-segment depression and deeply inverted T waves (arrows) are seen in the precordial leads. 
These findings are due to apical hypertrophy, but could be erroneously diagnosed as 
manifestations of myocardial ischemia and coronary artery disease. 


If a diagnosis of hypertrophic cardiomyopathy is suspected despite nondiagnostic 
echocardiography, CMR imaging can detect focal areas of ventricular hypertrophy and small 
areas of scarring, which would support the diagnosis. 


Cardiac catheterization is rarely needed for diagnosis of hypertrophic cardiomyopathy, although 
pressure tracings are used to monitor catheter-based septal ablation procedures. Pretreatment 
pressure tracings demonstrate elevated diastolic ventricular and atrial pressure. In the presence of 
left ventricular outflow obstruction, the left ventricle—to-aortic late-peaking gradient is seen, with 
the characteristic aortic pressure tracing showing a rapid rise and fall followed by a plateau 
(“spike and dome” pattern). 


Table 18. Clinical and Echocardiographic Features 
Differentiating Hypertrophic Cardiomyopathy from 
Athlete’s Heart 


Finding Hypertrophic Athlete’s 
Cardiomyopathy Heart 
Clinical 

Family history of hypertrophic cardiomyopathy Yes No 

Electrocardiography 
Unusual patterns Present Absent 

Echocardiography 

Unusual distribution of left ventricular hypertrophy Present Absent 
Left ventricular diastolic cavity >55 mm (enlarged) Absent Present 
Left ventricular diastolic cavity <45 mm (normal Present Absent 
size) 
Marked left atrial enlargement Present Absent 
Abnormal left ventricular filling Present Absent 
Decrease in left ventricular wall thickness with Absent Present 
deconditioning 

Metabolic stress test 
Maximal oxygen consumption >45 mL/kg/min or No Yes 
>100% of predicted 
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Clinical Course 


Persons with relatively asymptomatic hypertrophic cardiomyopathy have better prognoses than 
those with severe symptoms. In 5% to 10% of patients, the disease progresses to dilated 
cardiomyopathy. Atrial fibrillation occurs commonly and may precipitate heart failure. Studies 
suggest an improvement in survival in recent years, with an annual mortality rate of 1%. 
However, many patients are limited by symptoms due to diastolic dysfunction and outflow 
obstruction. 


Arrhythmias are common, including ventricular premature beats; nonsustained ventricular 
tachycardia; and an increased risk of ventricular tachycardia, ventricular fibrillation, and sudden 
cardiac death. The overall risk of sudden cardiac death is about 1% over 5 years, but the risk of 
sudden cardiac death is strongly dependent on the number of risk factors (Table 19). 
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Management 


e Genetic Testing and Screening 


e Medical Therapy 
e Devices and Interventions 


- Table 19. Risk Factors for Sudden Death in Patients 
with Hypertrophic Cardiomyopathy 


Major Risk Factors 

Prior cardiac arrest 

Sustained ventricular tachycardia 

Family history of sudden death (in a first-degree relative younger than 40 years) 
Minor Risk Factors 

Unexplained syncope (=2 episodes within 1 year) 

Left ventricular septal wall thickness >30 mm in diastole 

Abnormal blood pressure on exercise stress testing (systolic decrease or increase of <20 mm Hg) 

Nonsustained ventricular tachycardia 

Left ventricular outflow obstruction 

Microvascular disease 

High-risk genetic defect 


e Adapted with permission from Nishimura RA, Holmes DR Jr. Clinical practice. 
Hypertrophic obstructive cardiomyopathy [erratum in N Engl J Med. 
2004;351(10):1038.]. N Engl J Med. 2004;350(13):1320-1327. [PMID: 15044643] 
Copyright 2004, Massachusetts Medical Society. 
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Genetic Testing and Screening 


Routine genetic testing is not recommended for persons with hypertrophic cardiomyopathy. 
Genetic testing may help establish the diagnosis and provide genetic counseling. For this 


indication, the index adult undergoes genetic screening first. The children then can be screened 
for the specific gene defect. Children without the genetic defect do not have the disease; children 
with the defect should be followed carefully. 


Echocardiographic screening is recommended for all first-degree relatives of patients with 
hypertrophic cardiomyopathy, at yearly intervals in adolescents and every 5 years in adults. 
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Medical Therapy 


Patients with hypertrophic cardiomyopathy should avoid strenuous exercise, competitive sports, 
and intense isometric exercise such as weight-lifting. However, low- to intermediate-level 
aerobic activity to maintain physical fitness is reasonable. 


In symptomatic patients with preserved left ventricular function, B-blockers can improve 
diastolic filling. Verapamil and disopyramide are useful second-line agents to improve diastolic 
function and alleviate symptoms. In symptomatic patients with systolic dysfunction, standard 
heart failure therapy and consideration for cardiac transplantation are appropriate. 


It may be reasonable to treat asymptomatic patients at higher risk for sudden death with B- 
blockers. Digoxin and vasodilators should be avoided, as either may worsen outflow obstruction. 
Diuretics may be indicated for patients with persistent heart failure symptoms following 
treatment with a B-blocker, verapamil, and disopyramide, although hypovolemia should be 
avoided as it may worsen the severity of outflow obstruction. 


Patients with atrial fibrillation should undergo cardioversion, and maintenance of sinus rhythm 
should be attempted. If atrial fibrillation is refractory, rate control and anticoagulation are 
essential. 
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Devices and Interventions 


Placement of an implantable cardioverter-defibrillator (ICD) should be considered for patients at 
high risk for sudden death (see Table 19). The absence of any risk factors for sudden death has a 
negative predictive value of greater than 90%. 


Surgical myectomy or alcohol septal ablation should be considered in patients with outflow 
obstruction and septal wall thickness of at least 18 mm who have New York Heart Association 
functional class HI or IV heart failure and are refractory to medical therapy. Long-term 
comparative outcome studies are not available, and there is concern that myocardial necrosis 
using the percutaneous approach may not be as beneficial for prevention of sudden death as 


surgical removal of tissue. However, in elderly or high-risk surgical patients, the percutaneous 
approach may be better tolerated. 


PreviousNext 


Cardiac Tumors 


e Pathophysiology 
e Clinical Presentation and Evaluation 


e Management 
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Pathophysiology 


Primary cardiac tumors are rare: a tumor affecting the heart is 20 times more likely to represent 
metastatic disease or direct extension from a noncardiac cause. Myxoma represents 50% of all 
benign primary cardiac tumors. On echocardiography, a myxoma typically presents as a globular 
left atrial mass attached to the intra-atrial septum (Figure 11). The myxoma may prolapse 
through the mitral valve in diastole, resulting in Doppler ultrasound and physical examination 
findings of obstructed ventricular filling similar to mitral stenosis. Other common benign cardiac 
tumors include lipomatous hypertrophy of the interatrial septum and papillary fibroelastomas, 
which typically appear as small masses attached to a valve, mimicking vegetations. Sarcomas are 
the most common type of malignant primary cardiac tumor; others include angiosarcoma, 
rhabdomyosarcoma, and osteosarcoma. 


Figure 11. Echocardiographic Appearance of Myxoma. 


Parasternal long-axis echocardiographic views in systole (Panel A) and diastole (Panel B) of the 
left (LV) and right (RV) ventricles. Panel A shows a globular mass (arrow) in the left atrium 
characteristic of myxoma. In Panel B, during diastole, the mass protrudes through the mitral 
valve, obstructing flow (arrow). 


Any noncardiac tumor can affect the heart, but lung and breast carcinoma are most common 
because of their overall prevalence. Noncardiac tumors most often affect the heart via 
hematogenous spread, but direct extension from breast or lung cancer also occurs. Pericardial 
involvement is common, and the initial clinical manifestations often are caused by pericardial 
effusion and tamponade physiology. Tumors that grow within and along blood vessels reach the 
heart by venous extension; for example, renal, hepatocellular, and adrenal carcinomas may 
extend into the right side of the heart via the inferior vena cava. Lung carcinoma may extend to 
the left atrium via the pulmonic veins. 
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Clinical Presentation and Evaluation 


Symptoms from cardiac tumors include dyspnea, fatigue, chest pain, and constitutional 
symptoms. Cardiac tumors may present with embolic events, syncope, and sudden death. 
Pericardial tumors may cause cardiac tamponade or constriction. Endocardial tumors may cause 
valve dysfunction, systemic emboli, or cavity obliteration. Myocardial tumors may trigger 
arrhythmias or cause conduction abnormalities. 


Transthoracic echocardiography is the initial imaging procedure of choice, but transesophageal 
echocardiography, CT, or CMR imaging often is needed for better delineation. A specific 
diagnosis requires histologic examination of tissue obtained by biopsy or at surgery. 
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Management 


Benign cardiac tumors are often amenable to resection. Annual echocardiography following 
resection is warranted to assess for recurrences, which occur in about 5% of patients overall. Left 
atrial myxoma should be surgically removed even when the patient is asymptomatic to avoid 
systemic embolic events. In patients with prior systemic emboli, surgical removal should be 
considered if no other more likely cause can be identified, particularly with left-sided lesions. 
The prognosis of malignant primary or metastatic tumors is often poor. 
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Arrhythmias 


Approach to the Patient with Bradycardia 
Approach to the Patient with Tachycardia 
Atrial Fibrillation 

Atrial Flutter 


Supraventricular Tachycardias 
Premature Ventricular Complexes 


Nonsustained Ventricular Tachycardia 
Sustained Ventricular Tachycardia 
Sudden Cardiac Death 


Key Points 


A pacemaker is indicated for symptomatic bradycardia due to advanced second- or third- 
degree heart block. 


e A wide-complex tachycardia should be treated as ventricular tachycardia unless the 
diagnosis of supraventricular tachycardia with aberrancy or of an accessory pathway- 
mediated tachycardia is certain. 

e Adenosine and calcium channel blockers should be avoided in patients with possible 
ventricular tachycardia, particularly those with myocardial dysfunction. 

e Anticoagulation with warfarin is recommended for patients with atrial fibrillation and one 
or more risk factors for thromboembolism. 

e Patients with atrial fibrillation and a history of stroke or transient ischemic attack should 
receive warfarin. 

e For patients with asymptomatic atrial fibrillation, a rate control management strategy is 
acceptable. 

e Patients with atrial fibrillation who are symptomatic despite rate control and those whose 
rates cannot be controlled may require a rhythm control strategy. 

e Radiofrequency ablation is a successful and low-risk option for treatment of typical atrial 
flutter. 

e Radiofrequency ablation is first-line therapy for Wolff-Parkinson-White syndrome. 

e Atrioventricular nodal blockade is contraindicated in patients with preexcited atrial 
fibrillation. 

e Ventricular fibrillation is the most common mechanism of sudden cardiac death. 

e Implantable cardioverter-defibrillator placement reduces the risk of sudden cardiac death 
and overall mortality in patients with impaired ejection fraction and cardiomyopathy. 

e Implantable cardioverter-defibrillator placement reduces the risk of recurrent sudden 
cardiac death in cardiac arrest survivors. 
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Approach to the Patient with Bradycardia 


e Clinical Presentation and Evaluation 
e Sick Sinus Syndrome 
e Atrioventricular Block 
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Clinical Presentation and Evaluation 


Bradycardia is defined as a heart rate of less than 60/min, although slower sinus rates are often 
very well tolerated. Asymptomatic resting bradycardias, particularly in the young and in athletes, 
are not pathologic and do not require treatment. Pathologic bradycardias are caused by disorders 
of impulse generation (impaired automaticity) or impulse conduction (heart block). Idiopathic 
causes include fibrosis and calcification of the sinus node and conduction system. The few 
reversible causes include Lyme disease, hypothyroidism, hyperkalemia, medications, and 
ischemia. Symptoms of bradycardia may range from fatigue and exercise intolerance to dizziness 


and syncope. A 24-hour ambulatory electrocardiogram (ECG) or event monitor should be used to 
correlate symptoms with heart rate. Evaluation of bradycardia includes assessment of heart 
rhythm, symptoms (constant versus intermittent), medications, and associated medical conditions 
(hypothyroidism, electrolyte abnormalities, coronary artery disease, and cardiomyopathy). 
Symptomatic bradycardia is treated by alleviation of the underlying cause or insertion of a 
permanent pacemaker. If bradycardia is caused by a medication, an alternative agent should be 
considered unless the benefit of the drug outweighs the risk of pacemaker placement. In patients 
with a pacemaker or other implanted cardiac device, MRI is contraindicated owing to possible 
device malfunction when exposed to strong magnetic waves. 
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Sick Sinus Syndrome 


The terms sick sinus syndrome and sinus node dysfunction encompass various disorders of the 
sinus node, including reduced automaticity of the sinoatrial node, exit block, and sinus arrest. 
The syndrome primarily affects the elderly, and is associated with paroxysmal atrial fibrillation 
or flutter in approximately 50% of patients and with distal conduction disease in up to 11% of 
patients, presumably due to progression of the underlying degenerative process. A frequently 
encountered subtype is tachycardia-bradycardia syndrome, characterized by periods of slow 
sinus rhythm alternating with periods of atrial fibrillation with rapid ventricular response. 
Bradycardia can be worsened by rate control medications, and therefore management of the 
syndrome usually requires an implanted pacemaker. 
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Atrioventricular Block 


Atrioventricular (AV) block is usually caused by fibrosis and degeneration of the conduction 
system but also has important associations with ischemic heart disease and medications. 
Symptoms are related to cerebral hypoperfusion from an inadequate heart rate. AV block can 
occur at the level of the AV node or in the distal conduction system and is categorized by degree 
and site of conduction block. 


In first-degree AV block, all atrial impulses are conducted to the ventricle but there is delay, 
usually within the AV node, that results in a prolonged PR interval on ECG (>200 msec). 


Second-degree AV block comprises two subtypes: Mobitz I and Mobitz II. Mobitz I, or 
Wenckebach block, consists of progressive prolongation of conduction from the atria to the 
ventricles, usually within the AV node, resulting in progressive prolongation of the PR interval 
until loss of conduction to the ventricle occurs (Figure 12). Mobitz I block is rarely symptomatic 
and does not require treatment. 
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Figure 12. Mobitz I Second-Degree Atrioventricular Block. 


Electrocardiogram showing Mobitz I second-degree (Wenckebach) heart block. Note 
prolongation of PR intervals (brackets) followed by nonconducted P waves (arrow). 


Mobitz II AV block is characterized by a constant PR interval with intermittent failure of 
conduction from the atria to the ventricles (Figure 13). The pattern of dropped beats can vary 
from occasional to as frequently as 3:1 or 2:1. The terms high-grade AV block and advanced 
second-degree AV block are used to describe the occurrence of two or more consecutive 
nonconducted P waves with some conducted beats. 
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Figure 13. Mobitz II Second-Degree Atrioventricular Block. 


Electrocardiogram showing Mobitz II second-degree heart block. Note absence of PR 
prolongation (brackets) and successive nonconducted P waves (arrows). 


Complete heart block (third-degree heart block) (Figure 14) is characterized by a complete lack 
of conduction from the atria to the ventricles; the ventricular rate must, therefore, be slower than 
the atrial rate. (A complete lack of conduction with the ventricular rate faster than the atrial rate 
is termed AV dissociation and does not necessarily imply complete heart block.) A junctional 
escape rate is generally between 40 and 60 beats/min and demonstrates a relatively narrow QRS 
complex, whereas a ventricular escape rate is slower, less reliable, and demonstrates a wide QRS 
complex. Escape rhythms are quite regular; an irregular rhythm is likely due to intermittent AV 
conduction. If the cause is reversible (AV blocking drugs that can be safely withheld, ischemia 
with plans for revascularization, or antibiotic therapy for Lyme disease) the patient can be 
monitored for improvement in conduction. A pacemaker is indicated for symptomatic 
bradycardia due to advanced second- or third-degree heart block. 


Figure 14. Complete Heart Block. 


Electrocardiogram showing complete heart block. Note stable R-R intervals and lack of relation 
of P waves (arrows) to the QRS complex. 
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Approach to the Patient with Tachycardia 


e Evaluation and Initial Management 
e Antiarrhythmic Drugs 
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Evaluation and Initial Management 


Evaluation of patients presenting with a tachyarrhythmia starts with a resting ECG; however, 
symptoms of palpitations often are episodic, and recording the heart rhythm during symptoms 
with an ambulatory recording device is usually needed. Management of tachyarrhythmias 
depends on the clinical stability of the patient. Narrow-complex tachycardia is either 
supraventricular in origin or uses the AV node and distal conduction system as part of its circuit. 
Narrow-complex tachycardia can be further subdivided into irregular and regular (Figure 15). 


This differentiation helps distinguish atrial fibrillation and atrial flutter from other 
supraventricular arrhythmias. The differential diagnosis of a wide-complex tachycardia (QRS 
duration >120 msec) is ventricular tachycardia (VT), supraventricular tachycardia with aberrant 
conduction (bundle branch block), and preexcited tachycardia due to antegrade conduction via an 
accessory pathway (see Figure 15). VT cannot be ruled out on the basis of hemodynamic 
stability of the patient, and intravenous calcium channel blockers or adenosine—appropriate for 
the patient with a supraventricular tachycardia—may precipitate hemodynamic collapse in the 
patient with VT. If the diagnosis of supraventricular tachycardia with aberrancy or of an 
accessory pathway—mediated tachycardia cannot be made reliably, the patient should be treated 
as if the rhythm is VT because statistically, VT is the most likely diagnosis. 


Immediate cardioversion is the treatment of choice for patients in extremis and often is the safest 
choice even in hemodynamically stable patients, particularly in those with wide complex 
tachycardia. After termination of the arrhythmia, the ECG can provide clues regarding the 
presence of prior myocardial infarction, left ventricular hypertrophy, or long QT syndrome, and 
an echocardiogram provides evaluation for structural heart disease and assessment of left 
ventricular function. Exercise testing can screen for significant coronary artery disease and 
provoke exercise-associated tachycardias. In newly diagnosed cardiomyopathy, cardiac 
catheterization is often necessary to evaluate for coronary artery disease as the cause of 
myocardial dysfunction. Many patients with symptomatic tachycardia benefit from referral to an 
arrhythmia specialist to determine the utility of further invasive risk stratification or therapy, as 
ablation procedures are often safer and more effective than antiarrhythmic drug management. 


Narrow-complex tachycardia 
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| Wide-complex tachycardia | 


Supraventricular tachycardia 
with aberrant conduction 
Rare Uncommon Most common 
~6% ~20% ~80% 


Figure 15. Classification of Narrow- and Wide-Complex 
Tachycardias. 


Ventricular tachycardia 
P wave dissociated from QRS 


Preexcited tachycardia 
(antidromic AVRT) 


AVNRT = atrioventricular nodal reentry tachycardia; AVRT = atrioventricular reentry 
tachycardia. 
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Antiarrhythmic Drugs 


Antiarrhythmic drugs are classified based on the major ion channel effect of the drug (Table 20). 
Both class I and class HI antiarrhythmic drugs can cause dangerous proarrhythmia, and their use 
is often limited by side effects and toxicity. When used to treat atrial fibrillation, class IC agents 
can sometimes “organize” fibrillation to atrial flutter. Since flutter waves are less inhibiting to 
the AV node, the ventricular response in this situation can be very rapid. For this reason, 
additional AV nodal blocking agents (B-blockers, nondihydropyridine calcium-channel blockers, 
digoxin) should always be used in conjunction with class IC agents in atrial fibrillation. Class IC 
agents are contraindicated in patients with coronary artery disease owing to an increased risk of 


sudden cardiac death. Class III agents can prolong the QT interval and place the patient at risk 
for torsades de pointes VT and sudden cardiac death. Initiation of sotalol and dofetilide, 
therefore, is usually on an inpatient basis. Despite the various toxic effect of amiodarone and QT 
prolongation on ECG, the risk of ventricular arrhythmia is significantly less with amiodarone 
than with the other class III agents. 


Digoxin is widely used as an oral AV nodal blocking agent, and is particularly effective in 
elderly or inactive patients as its mechanism of action depends on increasing vagal activity. 
Adenosine is an intravenous agent that transiently blocks AV nodal conduction; it is effective at 
terminating supraventricular tachycardia where the electrical circuit is dependent on the AV 


node. 


Table 20. Antiarrhythmic Drugs 


Vaughan 
Williams 
Classification 


IA 


IB 


IC 


II 


MI 


IV 


General 
Mechanism 


Fast sodium 
channel blockade; 
prolongs AP 
duration 

Fast sodium 
channel blockade; 
shortens AP 
duration 


Fast sodium 
channel blockade; 
slows conduction 


B-Blockade 


Potassium channel 
blockade 


Calcium channel 
blockade 


Commonly 
Used Drugs 


Procainamide 


Lidocaine 


Flecainide 


Propafenone 


Atenolol, 
metoprolol, 
propranolol 


Amiodarone 


Sotalol 
Dofetilide 


Verapamil, 
diltiazem 


Clinical Uses 


Preexcited AF, SVTs, ventricular 
arrhythmias 


Ventricular arrhythmias, particularly in 
setting of ischemia 


Life-threatening ventricular 
arrhythmias, SVT, PAF, AFL 


Life-threatening ventricular 
arrhythmias, PAF, PAFL, PSVT 


Adrenergically mediated tachycardias, 
rate control of AF, AFL, SVTs using 
AV node, ventricular arrhythmias, 
reduction in SCD after MI 

Useful in a wide spectrum of 
ventricular and supraventricular 
arrhythmias 

VT, AF, AFL, SVT 

SVT, particularly AF, AFL 
Termination of SVTs, rate control of 
AF, AFL, therapy of SVTs, 
tachycardias mediated by triggered 
activity 


AF = atrial fibrillation; AFL = atrial flutter; AP = accessory pathway; AV = atrioventricular; MI 
= myocardial infarction; PAF = paroxysmal atrial fibrillation; PAFL = paroxysmal atrial flutter; 
PSVT = paroxysmal supraventricular tachycardia; SCD = sudden cardiac death; SVT = 
supraventricular tachycardia; VT = ventricular tachycardia. 


NOTE: For specific indications and precautions, please refer to labeling information of the 
medications listed. 
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Atrial Fibrillation 


Atrial fibrillation is the most common clinical arrhythmia and is characterized by disorganized 
atrial activity and an irregular ventricular response to the chaotic input into the AV node. Atrial 
fibrillation may be categorized as paroxysmal, persistent, or permanent. 
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Clinical Presentation and Evaluation 


Symptoms of atrial fibrillation include palpitations, fatigue, exercise intolerance, dyspnea, chest 
discomfort, dizziness, and syncope; atrial fibrillation can also be asymptomatic. Patients may 
present with heart failure or with a stroke. Symptoms can lessen over time, particularly if atrial 
fibrillation becomes permanent. 


Several factors play a role in the development of symptomatic atrial fibrillation, including the 
ventricular response rate (either too slow or too fast), decreased cardiac output due to loss of 
atrial contraction, variability in R-R intervals (experienced as an uncomfortable awareness of 
irregularity), and impaired coronary blood flow. Atrial function during episodes of atrial 
fibrillation tends to decline over time as a result of electroanatomic remodeling of the atria as 
well as underlying atrial disease. In patients with long-standing uncontrolled high ventricular 
rates (>130 beats/min), a tachycardia-related cardiomyopathy can develop. 


Hypertension is commonly associated with atrial fibrillation. Associated cardiovascular 
conditions include coronary artery disease; valvular heart disease; dilated, hypertrophic, and 
restrictive cardiomyopathies; heart failure; and preexcitation syndromes. 


Atrial fibrillation is a common, but generally self-limited, postoperative complication of 
cardiothoracic surgery. Other common reversible causes include alcohol, thyroid disorders, 
myocarditis or pericarditis, and pulmonary embolism. 
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Acute Management 


Approximately 50% of episodes of atrial fibrillation spontaneously convert. Patients with 
adverse or marginal hemodynamic status or acute coronary ischemia due to a rapid ventricular 
response should be immediately cardioverted. Otherwise stable patients with a rapid ventricular 
response are usually managed with AV nodal blocking agents. -Blockers and calcium channel 
blockers are preferred to digoxin owing to digoxin’s lack of efficacy in the presence of normal 
sympathetic tone. Digoxin can be useful as an adjunct to other rate control agents, particularly in 
the setting of heart failure and in elderly or sedentary patients. In preexcited atrial fibrillation 
with a rapidly conducting accessory pathway, AV nodal blocking agents should be avoided 
because of the risk of increasing conduction through the accessory pathway, thereby provoking 
ventricular fibrillation. A patient who presents with asymptomatic rate-controlled atrial 
fibrillation can often be managed as an outpatient. Rapid or bradycardic ventricular response or 
signs and symptoms of heart failure, ischemia, or other distress should prompt admission. 
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Acute Anticoagulation 


Not all patients with newly diagnosed atrial fibrillation require acute anticoagulation with 
heparin. Asymptomatic patients with good rate control who require long-term anticoagulation 
with aspirin or warfarin can have this initiated as an outpatient. If heparin is initiated as an 
inpatient, it will usually be continued until the patient is therapeutically anticoagulated on 
warfarin. Limited data are available to support the use of low-molecular-weight heparin. 
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Cardioversion 


Synchronized direct-current cardioversion is an effective method of converting atrial fibrillation 
to sinus rhythm. Patients who have been in atrial fibrillation for less than 48 hours may be 
cardioverted without anticoagulation. In patients with atrial fibrillation of longer or unknown 
duration, cardioversion can be performed after at least 3 weeks of anticoagulation with warfarin 
(INR 2.0-3.0). Alternatively, the patient can undergo transesophageal echocardiography to rule 
out thrombus in the left atrial appendage while anticoagulated on intravenous heparin. Following 
cardioversion, oral anticoagulation is initiated and maintained for at least 4 weeks after the 
procedure because the risk of subsequent thromboembolism remains high owing to mechanical 
dysfunction of the left atrium and appendage. 


Cardioversion is safe in patients with implanted pacemakers and defibrillators, although care 
should be taken to position the cardioversion pads away from the generator to reduce the risk of 
electromagnetic interference. 
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Long-Term Management 


e Rate Control Versus Rhythm Control 
e Anticoagulation to Reduce Stroke Risk 


e Nonpharmacologic Therapies 
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Rate Control Versus Rhythm Control 


There are two strategies in the treatment of persistent or paroxysmal atrial fibrillation: 
controlling the ventricular response rate to atrial fibrillation (rate control) and using 
antiarrhythmic drugs to maintain sinus rhythm (rhythm control). The use of anticoagulation for 
stroke prevention is not affected by choice of approach. The Atrial Fibrillation Follow-up 
Investigation of Rhythm Management (AFFIRM) trial showed no survival advantage to a rhythm 
control strategy. However, the average age of patients in the trial was 70 years, and patients were 
relatively asymptomatic and could tolerate randomization to either approach. In younger, 
symptomatic patients, restoration of sinus rhythm has been shown to decrease left atrial size and 
improve left atrial contractility. In addition, quality of life may be improved with maintenance of 
sinus rhythm. 


Whether atrial fibrillation is paroxysmal or persistent is important because the ability to maintain 
sinus rhythm is reduced in patients with persistent episodes. When significant structural heart 
disease is present, correction of the structural or hemodynamic abnormality may be necessary 
before atrial fibrillation can be effectively managed. Medications that block AV nodal 
conduction—normally B-blockers or nondihydropyridine calcium-channel blockers—are 
preferred for rate control treatment of chronic atrial fibrillation (see Table 20). Reasonable rate 
control is defined as a ventricular rate of 60-80/min at rest with an increase with exercise to 90- 
115/min. Bradycardia can be an adverse effect of rate-control agents, particularly in the elderly. 
Occasionally, pacemaker placement is required for bradycardia resulting from the medication 
dose needed to provide adequate control of rapid ventricular rates. 


Preferred rhythm control medications are class II and class IC agents. Class IC agents should 
not be given for atrial fibrillation without additional AV nodal blockade. Amiodarone is the most 
effective antiarrhythmic agent, and in patients with structural heart disease, amiodarone has a 
low risk of proarrhythmia in comparison with other agents. Even with rhythm control drugs, the 
recurrence rate of symptomatic atrial fibrillation is 20% to 50% in the long term (>1 year). 
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Anticoagulation to Reduce Stroke Risk 


The annual risk of stroke in atrial fibrillation patients is 1%-18%. The classification of type of 
atrial fibrillation (paroxysmal, persistent, or permanent) does not affect the decision to 
anticoagulate, as the amount and duration of atrial fibrillation have not been shown to alter the 
risk of stroke. The CHADS, risk score for assessing the risk of stroke associated with atrial 
fibrillation and the benefit of warfarin has been validated in a large population (Table 21). 


The choice of aspirin or warfarin for anticoagulation to prevent thromboembolism is dependent 
on the patient’s individual risk. Patients with nonvalvular atrial fibrillation at high risk of stroke 
(for example, with rheumatic mitral stenosis or prior thromboembolism) should be maintained on 
warfarin with a goal INR of 2.0-3.0. Warfarin (INR 2.0-3.0) is also recommended for those with 
one or more moderate risk factors (age >75 years, hypertension, diabetes mellitus, heart failure, 
or ejection fraction <35%). For patients with just one of these risk factors, aspirin is a reasonable 
choice. Warfarin is not recommended for patients younger than 60 years without other associated 
risk factors. For patients with atrial fibrillation and mechanical heart valves, the intensity of 
anticoagulation depends on the type of valve. Warfarin has repeatedly been shown to 
significantly reduce the risk of stroke associated with atrial fibrillation by about 60%, compared 
with 20% with aspirin, with a risk of major bleeding of approximately 1% to 2% per year. The 
restoration and maintenance of sinus rhythm have not been shown to decrease the risk of stroke; 
therefore, anticoagulation or aspirin based on the CHADS) score remains appropriate in patients 
with a history of atrial fibrillation. 


Table 21. Anticoagulation in Atrial Fibrillation 


CHADS; Score? Stroke Risk Warfarin 

0 Low No 

1 Intermediate Individualized” 
2 Intermediate or high° Individualized 
3 High Yes 

4 High Yes 

5 High Yes 

6 High Yes 


“CHADS: score is calculated by assigning 1 point each for the presence of chronic heart failure, 
hypertension, age 75 years or older, and diabetes mellitus; and 2 points for history of stroke or 
transient ischemic attack. 


For patients at intermediate risk, the risks and benefits of anticoagulation are assessed based on 
individual factors such as comorbidities, risk of hemorrhage, and patient preference. 


“History of stroke or transient ischemic attack confers high risk regardless of score. 
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Nonpharmacologic Therapies 


e Atrioventricular Junction Ablation and Pacing 


e Radiofrequency Ablation 
e Surgical Maze Procedures 
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Atrioventricular Junction Ablation and Pacing 


In patients with an uncontrollable ventricular response in whom other strategies have failed, or to 
treat or prevent the development of a tachycardia-related cardiomyopathy, atrioventricular 
junction ablation and pacemaker placement can be performed. Because the patient is rendered 
pacemaker-dependent, this procedure is usually restricted to elderly patients in whom other 
options have been exhausted. 
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Radiofrequency Ablation 


In curative radiofrequency ablation procedures for atrial fibrillation, a catheter is used to apply 
radiofrequency energy to selected areas of the left atrium, rendering the ablated tissue unable to 
conduct electrical current. The success rate of the procedure can be greater than 80%, although 
the specific techniques and methods continue to evolve. Candidates for atrial fibrillation ablation 
generally consist of patients who cannot tolerate a rate control strategy who have failed to benefit 
from at least one rhythm control drug. Significant valvular disease or hypertrophic 
cardiomyopathy and advanced age are relative contraindications. 
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Surgical Maze Procedures 


Surgical “maze” procedures to cure atrial fibrillation have been quite successful; however, they 
have been limited by the necessity for cardiopulmonary bypass and are usually performed in 
concert with other cardiac surgical procedures. Reported success rates range from 70% to 95%, 


and the development of less invasive techniques (minimally invasive or thoracoscopic 
approaches) is an active area of research. 
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Atrial Flutter 


Atrial flutter is often associated with atrial fibrillation, but the underlying arrhythmic mechanism 
and many aspects of clinical management differ. Approximately 90% of cases are considered 
typical or common atrial flutter, consisting of a well-described macro-reentrant electrical circuit 
that traverses around the tricuspid valve. This circuit passes through the cavotricuspid isthmus, a 
narrow rim of tissue between the tricuspid valve and the inferior vena cava. The atrial circuit 
usually travels at about 240-340 cycles/min in the counterclockwise direction around the valve 
(as seen from a traditional left anterior oblique fluoroscopic view), which accounts for the 
characteristic negative sawtooth deflections in ECG leads II, III, and aVF, with a positive 
deflection in V, (Figure 16). The circuit can also travel in the opposite direction, inscribing the 
ECG in a reverse manner. 
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Figure 16. Atrial Flutter. 


Electrocardiogram showing typical atrial flutter with 2:1 conduction to the ventricles. Flutter 
waves (arrows), with cycle length of approximately 300/min, are most easily seen in the inferior 
leads (II, II, aVF) and lead V,. 
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Clinical Presentation and Evaluation 


Medical conditions that are more often associated with atrial flutter rather than fibrillation 
include congenital heart disease, pulmonary disease, hypertension, diabetes, obesity, thyroid 
disorders, sick sinus syndrome, and major cardiothoracic surgery. Compared to atrial fibrillation, 
atrial flutter is characterized by fewer and more regular electrical impulses reaching the AV 
node; the ventricular response to atrial flutter, therefore, is often very fast—2:1 conduction 
results in a ventricular rate of 150/min. 
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Acute Management 


Early cardioversion often is needed because of the rapid ventricular response to atrial flutter. 
Cardioversion is highly effective at terminating atrial flutter; however, pharmacologic 
approaches can be tried first in hemodynamically stable patients. For pharmacologic conversion 
to sinus rhythm, class I agents are less effective in atrial flutter than in atrial fibrillation; class II 
agents are often more efficacious in atrial flutter. Rate control agents include B-blockers and 
nondihydropyridine calcium-channel blockers (class II and class IV agents). Digoxin is not 
particularly useful as a first-line agent in atrial flutter but can be an effective adjunct. Acute 
anticoagulation guidelines for patients with atrial flutter are the same as those for atrial 
fibrillation. 
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Chronic Management 


Percutaneous radiofrequency ablation is first-line therapy for recurrent atrial flutter; it has a 
success rate of greater than 90%, a recurrence rate less than 10%, and a 1% to 2% risk of major 
complications (vascular damage, heart block, stroke, tamponade, death). The recurrence rate for 
atrial flutter that has not been ablated is 60% (>6 months). The occurrence of other arrhythmias 
after radiofrequency ablation is relatively common (usually atrial fibrillation or atypical atrial 
flutter—an atrial-based electrical circuit that does not revolve around the tricuspid valve). 
Therefore, for patients with risk factors for stroke, anticoagulation may still be required after 
ablation. Current guidelines recommend using the atrial fibrillation risk assessment to determine 
the benefits of anticoagulation. 
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Supraventricular Tachycardias 


Epidemiology and Electrophysiology 
Clinical Presentation and Evaluation 


Acute Management 
Long-Term Management 


Wolff-Parkinson-White Syndrome 
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Epidemiology and Electrophysiology 


The term supraventricular tachycardia generally comprises AV nodal reentrant tachycardia 
(AVNRT), which has a reentrant circuit within the AV node; AV reentrant tachycardia (AVRT), 
which uses an accessory bypass tract; and atrial tachycardia. This group is often referred to as 
paroxysmal supraventricular tachycardias. Other rare narrow-complex tachycardias include 
inappropriate sinus tachycardia, sinus node reentrant tachycardia, and junctional tachycardia. 


AVNRT accounts for approximately 60% of cases, AVRT for 30%, and atrial tachycardia for 
10%. Reentry using two pathways from atrium to ventricle is the underlying mechanism of both 
AVNRT and AVRT. In typical AVNRT, anterograde conduction occurs via the slow pathway, 
and retrograde conduction occurs via the fast pathway. On the surface electrocardiogram, the P 
wave is seen either just after the QRS complex (short RP) or buried within it (no RP). In atypical 
AVNRT, the circuit is reversed. Because the slow pathway conducts more slowly, the P wave is 
seen on the surface electrocardiogram much later, just preceding the next QRS complex (long 
RP). 


Accessory pathways or bypass tracts, present in AVRT, typically connect atrial with ventricular 
myocardium, bypassing the AV node and resulting in electrical activation of the ventricle earlier 
than expected (preexcitation). Accessory pathways that conduct anterograde (from atrium to 
ventricle) are characterized as manifest, and ventricular preexcitation can be seen on ECG as a 
delta wave (a slurred upstroke just before the QRS). Accessory pathways that can only conduct 
retrograde are termed concealed and cannot be identified on ECG. Preexcitation of the ventricle 
can be intermittent, owing to the conduction properties of the accessory pathway or to 
preferential conduction down the AV node. Accessory pathways usually demonstrate rapid 
conduction even at high rates of input similar to His-Purkinje tissue or myocardium. In contrast, 
the AV node is characterized by “decremental” conduction (progressive delay in conduction with 
increasing rate of input). 


Atrial tachycardia (Figure 17) usually results from enhanced automaticity of a group of atrial 
cells. Triggered activity (spontaneously generated heart beats due to after-depolarizations that 
reach the threshold potential) or reentry (particularly in patients with congenital heart disease or 
prior cardiac surgery) are less common mechanisms. 
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Figure 17. Atrial Tachycardia. 


Electrocardiogram showing atrial tachycardia. P waves are most clearly seen in lead V, and at 
the end of the T wave in other leads (arrows). 
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Clinical Presentation and Evaluation 


Most patients with a supraventricular tachycardia have acute-onset episodic palpitations that may 
be associated with chest or neck pounding, dyspnea, lightheadedness, anxiety, and, rarely, 
syncope. Supraventricular tachycardias are commonly characterized by abrupt onset and 
termination and often respond well to vagal maneuvers, such as a guided Valsalva maneuver, 
squatting, carotid sinus massage, or cold water facial immersion. 


In addition to a resting ECG, the arrhythmias should be recorded using an event monitor (or a 
loop recorder, if the patient experiences syncope). Evaluation for exacerbating factors (anemia, 
hyperthyroidism) is appropriate. An echocardiogram should be considered if there are symptoms 
or signs of structural heart disease. 


In patients with symptoms and manifest preexcitation on ECG (Wolff-Parkinson-White 
syndrome), referral to an electrophysiologist for percutaneous ablation of the accessory pathway 
is considered first-line therapy because of the very small, yet persistent, risk of sudden death in 
this population. Early referral should also be considered for patients with syncope, dyspnea, or 
heart failure. 
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Acute Management 


Initial management for a supraventricular tachycardia depends on the patient’s hemodynamic 
stability. Many patients respond well to vagal maneuvers. Adenosine bolus injection is highly 
effective at terminating tachycardias that use the AV node as part of the circuit as well as 
providing diagnostic information in unclear cases (such as revealing flutter waves during AV 
block or revealing an underlying atrial tachycardia). A continuous rhythm strip should be run 
during the time of injection. It can be helpful to inform patients that the half-life of the drug is 
seconds and warn that they may experience uncomfortable or distressing sensations during the 
procedure. Adenosine is contraindicated in patients with severe bronchospastic disease. 
Intravenous calcium channel blockers are also recommended for termination of a tachycardia. 
Intravenous B-blockers or amiodarone may be used as second-line therapy. Although it is rarely 
necessary, cardioversion is effective at terminating reentry supraventricular tachycardias. 
Cardioversion and adenosine are often ineffective for atrial tachycardia because the usual 
mechanism is enhanced automaticity, and even if briefly terminated, the arrhythmia will resume. 
However, the underlying mechanism of supraventricular tachycardia is not always definitive on 
ECG, and synchronized cardioversion is very low risk. 
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Long-Term Management 


Patients with extremely rare episodes of supraventricular tachycardia that can be easily 
terminated with Valsalva maneuvers may opt for a watchful approach. Obvious triggers of 
episodes, such as caffeine and dehydration, can often be avoided. Low-dose f-blockers or 
calcium channel blockers can abbreviate or eliminate episodes, although these agents are 
relatively contraindicated in patients with preexcitation. Antiarrhythmic drugs are a management 
option, although they are less frequently used as first-line therapy than previously because of the 
low risk and high success rate of ablation therapy. Catheter ablation is a safe and effective 
treatment, with success rates of 95% to 99% in AVNRT and AVRT and low rates of 
complications (1%-2%). The success rate of catheter ablation for atrial tachycardia is somewhat 
lower than for other supraventricular tachycardias, but the risk of complications is also quite low. 
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Wolff-Parkinson-White Syndrome 


The Wolff-Parkinson-White (WPW) syndrome is characterized by ventricular preexcitation and 
symptomatic tachycardia (Figure 18). In these patients, AVRT is the most common arrhythmia. 
Other preexcited tachycardias are seen in patients with WPW syndrome in which the accessory 


pathway is not a critical part of the supraventricular tachycardia circuit but acts as a bystander. 
Owing to the rapid conduction properties of some accessory pathways, atrial fibrillation can be a 
life-threatening arrhythmia in these patients due to rapidly conducting atrial fibrillation 
degenerating to ventricular fibrillation. In addition, patients with WPW syndrome appear to have 
an increased risk of atrial fibrillation; this risk is reduced with radiofrequency ablation of the 
accessory pathway. Patients with WPW syndrome have an increased risk of sudden cardiac 
death, but it is very rarely the first symptomatic manifestation of the syndrome. 


Treatment of a narrow-complex tachycardia is standard in patients with WPW syndrome, but 
care should be taken in preexcited, usually wide-complex, tachycardia. AV-nodal blocking 
agents should be used with caution in patients with WPW syndrome because of the risk of atrial 
fibrillation and rapid conduction down the bypass tract. AV-nodal blocking agents are absolutely 
contraindicated in patients with WPW syndrome and preexcited atrial fibrillation. In this 
circumstance, antiarrhythmic medications such as procainamide should be used to treat the 
arrhythmia. For long-term treatment, drug management is rarely used in patients with WPW 
syndrome owing to the high success rates of radiofrequency ablation and the persistent risk of 
sudden cardiac death when ablation is not performed. 


The role of electrophysiology study and ablation in asymptomatic patients with manifest 
preexcitation is controversial because the vast majority of these patients have an excellent 
prognosis. Invasive studies are sometimes performed in patients with high-risk occupations (such 
as airplane pilots). 
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Figure 18. Preexcited Atrial Fibrillation. 


Electrocardiogram showing atrial fibrillation in a patient with an accessory atrioventricular 
pathway. In patients with Wolff-Parkinson-White syndrome and atrial fibrillation, the rapid atrial 
impulses travel to the ventricle through both the normal conduction system and the accessory 
pathway. Because of the chaotic electrical activity in the atria, the degree of conduction via both 
pathways is quite variable. Therefore, the electrocardiogram shows variable degrees of 
preexcitation (manifested by variable QRS complex widths) and great irregularity. 
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Premature Ventricular Complexes 


Premature ventricular complexes (PVCs) often are not associated with symptoms, although they 
can cause palpitations or a sensation that the heart has stopped, owing to the post-PVC 
compensatory pause. PVCs at rest in the setting of a structurally normal heart appear to be 
associated with little to no increased risk of cardiovascular events, particularly in patients 
younger than 30 years. However, some studies have shown an increased mortality risk with 
exercise- and recovery-induced PVCs. This risk increase is small and constitutes a marker of 
cardiovascular disease, not an indication to treat the arrhythmia. Repetitive or complex ectopy in 
the setting of heart disease is associated with increased mortality risk, although the risk is due to 
the underlying pathophysiologic substrate, and suppression of ambient ventricular arrhythmias 
does not reduce mortality. 


If symptoms can be clearly correlated with PVCs, treatment may be appropriate, although many 
patients respond well to reassurance. First-line therapy is almost always a B-blocker or calcium 
channel blocker. Class IC and III agents also can be useful. Radiofrequency ablation may be 
appropriate for patients with severe symptoms that are refractory to drug therapy. 
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Nonsustained Ventricular Tachycardia 


Nonsustained ventricular tachycardia (VT) is defined as three or more sequential ventricular 
complexes, with a total duration of less than 30 seconds. The prevalence of nonsustained VT 
increases with age, left ventricular dysfunction, and the presence of cardiomyopathies. The 
prevalence of nonsustained VT in patients with chronic heart failure ranges from 30% to 80%. 
Nonsustained VT in patients with structurally normal hearts is not associated with an increased 
risk of sudden death. 


Nonsustained VT in the setting of an acute myocardial infarction (within 48 hours) does not 
confer additional risk. However, nonsustained VT occurring in the year following myocardial 


infarction is associated with increased mortality. Management includes treatment of reversible 
ischemia, but if ejection fraction is normal, no other therapy for asymptomatic VT is indicated. If 
the ejection fraction is 35% or less, most patients are candidates for an implantable cardioverter- 
defibrillator (ICD). Electrophysiology study can be used for further risk stratification in patients 
with moderately reduced ventricular function (ejection fraction 35%-55%), and ICD placement is 
indicated for prevention of sudden death if the electrophysiology study shows inducible 
sustained VT. 


Therapy for symptomatic nonsustained VT is similar to treatment for PVCs. B-blockers are the 
mainstay, although calcium channel blockers also may be used in patients with structurally 
normal hearts. The most frequently used class III antiarrhythmic agents are amiodarone and 
sotalol; class IC agents such as flecainide and propafenone are limited to use in patients without 
coronary artery disease. 


Patients in whom drug therapy for nonsustained VT fails can be referred for radiofrequency 
ablation. Suppression of nonsustained VT by medical therapy in patients with a high risk of 
sudden death has not shown a mortality benefit. 
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Sustained Ventricular Tachycardia 


VT is considered sustained if the rate is greater than 100/min with an episode lasting longer than 
30 seconds (or less than 30 seconds if cardioversion is required). Most commonly, the 
mechanism of VT is reentry, which occurs around an area of conduction block usually caused by 
prior myocardial infarction. Other, less frequent causes are triggered activity and enhanced 
automaticity. 


The prognosis of a patient with monomorphic (all complexes showing the same morphology) VT 
is dependent on the presence or absence of structural heart disease. In contrast, polymorphic VT 
is most often related to an underlying genetic defect predisposing to often fatal cardiac 
arrhythmias. Sustained, symptomatic VT in ischemic or nonischemic cardiomyopathy is an 
adverse prognostic indicator with a high risk of recurrence. 
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Ventricular Tachycardia with Structural Heart Disease 


Sustained VT occurs most commonly in patients with prior myocardial infarction, and it is the 
scar formed by the infarction that provides the anatomic substrate for reentry. Areas of fibrosis 
interspersed with viable myocardial tissue are present in the border zone of dense scar tissue and 
impart the required conduction delay critical to the establishment of reentry circuits. Symptoms 


depend on the underlying state of the patient, and some patients can be asymptomatic, 
particularly if the VT rate is slow. 


In general, medical therapy does not improve survival in patients with VT and structural heart 
disease; thus, most such patients are candidates for ICD placement. Large clinical trials have 
demonstrated that ICD therapy improves survival rates in patients with hemodynamically 
unstable VT after cardiac arrest who have ischemic or nonischemic cardiomyopathy and ejection 
fractions below 35%. Electrophysiology study can be useful to establish the diagnosis of VT if 
there is uncertainty or for radiofrequency ablation if a patient has recurrent shocks from the ICD. 


PreviousNext 


Idiopathic Ventricular Tachycardia 


Idiopathic VT occurs most commonly as right ventricular outflow tract tachycardia. The 
condition is usually benign, although there is some overlap between right ventricular outflow 
tract tachycardia and arrhythmogenic right ventricular cardiomyopathy. As part of initial 
evaluation, many of these patients undergo cardiac MRI to assess for fibrofatty infiltrate of the 
right ventricle (the hallmark of arrhythmogenic right ventricular cardiomyopathy) in addition to 
standard evaluations. 


Idiopathic right ventricular outflow tract tachycardia has a characteristic ECG morphology with a 
left bundle branch block and tall, monophasic R waves in the inferior leads. The origin is usually 
high in the right ventricular outflow tract under the pulmonic valve. Typically, this arrhythmia is 

very catecholamine-sensitive and is triggered by exercise or stress. 


If symptoms are mild and infrequent, no therapy is necessary. If treatment is necessary, the 
arrhythmia can often be suppressed by calcium channel blockers or B-blockers. Class I or class 
II antiarrhythmic drugs also can be used. Radiofrequency ablation has a success rate of greater 
than 90% with a low risk of complications. 
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Epidemiology and Risk Factors 


Sudden cardiac death (SCD) is usually defined as collapse occurring within 1 hour of symptom 
development. The majority of SCD events occur out of the hospital, and 50% of events are the 
first expression of undiagnosed coronary artery disease. The mechanism is usually a ventricular 
tachyarrhythmia. Ventricular fibrillation is the most commonly recorded rhythm, although this 
can represent a degeneration of prior monomorphic or polymorphic VT. Asystole is a 
significantly less frequent cause of SCD. 


Risk factors for SCD include diabetes, hypertension, hypercholesterolemia, family history of 
coronary artery disease, smoking, obesity, physical inactivity, heart failure, left ventricular 
hypertrophy, and heavy alcohol use. Triggers of SCD include electrolyte disturbances, drugs 
(cocaine, QT-prolonging drugs, antiarrhythmic drugs), acute exercise, and emotional stress. 
However, most SCD victims do not have identifiable risk factors (Figure 19). 
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Figure 19. Epidemiology of Sudden Cardiac Death. 


Relation between incidence and total number of sudden cardiac deaths annually in the general 
population and in increasingly higher risk subgroups. 


EF = ejection fraction; MI = myocardial infarction. 


Modified with permission from Myerburg RJ, Kessler KM, Castellanos A. Sudden cardiac death. 
Structure, function, and time dependence of risk. Circulation. 1992;85:I2-10. [PMID: 1728501] 
Copyright 1992, The American Heart Association. 
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Genetics 


A predisposition to SCD has been described for certain mutations in familial dilated 
cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, and hypertrophic 
cardiomyopathy; mutations that cause primary electrical disorders (ion “channelopathies”); and 
polymorphisms in several genes that confer increased risk of SCD on a population basis, without 
affecting cardiac structure. 


The long QT syndrome is characterized by prolonged ventricular repolarization and a 
predisposition to the development of torsades de pointes, polymorphic VT, and SCD. Patients 
can be diagnosed after presenting with syncope, or a prolonged QTc interval can be an incidental 
finding on ECG. Risk of arrhythmic events is predicted by the presence of a QTc interval greater 
than 500 msec, female sex, and genotype. B-blockers are the mainstay of therapy. ICD 
implantation is usually performed in patients at high risk of SCD (recurrent events on B-blockers, 
strong family history of SCD). 


The Brugada syndrome is distinguished by a characteristic ECG pattern of J-point elevation in 
leads V; through V3 and right bundle branch block (Figure 20). The pattern can be intermittent, 
making diagnosis difficult. Patients with a history of syncope and a spontaneous Brugada pattern 
on ECG are significantly more likely to have cardiac arrest than patients with the Brugada 
pattern and no syncope. SCD in the Brugada syndrome is caused by polymorphic VT or 
ventricular fibrillation, often occurring during sleep. ICD implantation is indicated for 
symptomatic patients. 


Other described inherited arrhythmic disorders include short QT syndrome (QT interval <300 
msec), which carries a high risk of SCD; and catecholaminergic polymorphic VT, caused by 
cardiac ryanodine receptor mutations and characterized by VT that develops during physical 
activity or emotional stress. 


Most cardiomyopathies, both dilated and infiltrative, substantially increase the risk of SCD. Even 
within subtypes of a disease, certain gene mutations may confer additional risk of arrhythmia. 
Patients with arrhythmogenic right ventricular cardiomyopathy tend to be affected more by 
arrhythmias than by heart failure. SCD can be the first manifestation of arrhythmogenic right 
ventricular cardiomyopathy, and although it usually occurs in patients with right ventricular 
abnormalities visible on echocardiogram, it also can occur in persons with only microscopic 
abnormalities on autopsy. 
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Figure 20. Brugada Syndrome. 


Electrocardiogram showing type I Brugada sign with coved-type ST-segment elevation (arrows) 
and a right bundle branch block pattern in the right precordial leads. Image courtesy of Patrick T. 
Ellinor, MD, PhD, Massachusetts General Hospital. 
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Acute Management 


Survival in cardiac arrest is proportional to intervention time and falls rapidly without 
intervention. Ventricular arrhythmias are treated with cardioversion or defibrillation, although 
some studies have indicated improved survival after a brief period of cardiopulmonary 
resuscitation if there is a delay in responding of more than | or 2 minutes. The most recent 
guidelines recommend a one-shock strategy rather than three successive shocks to allow quick 
resumption of chest compressions. Epinephrine or vasopressin is recommended for 
hemodynamic support. Amiodarone has largely replaced other antiarrhythmic agents for resistant 
VTs, although lidocaine can be useful in coronary ischemia. The induction of mild to moderate 
hypothermia after resuscitation has demonstrated improved neurologic outcome. 


Pulseless electrical activity and asystole differ markedly in underlying pathophysiology from 
ventricular tachyarrhythmias, and identification of either of these conditions should lead to 
consideration of potentially reversible causes, including pulmonary embolism, myocardial 
infarction, tamponade, tension pneumothorax, acidosis, drug overdose, hyperkalemia, 


hypothermia, and hypoxia. In addition to epinephrine, atropine is often used in these patients to 
increase heart rate. 
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Long-Term Management and Secondary Prevention 


Most cardiac arrest survivors and patients with malignant ventricular arrhythmias have a 20% to 
50% risk of recurrence, and no trials of antiarrhythmic drugs have shown a benefit in outcome 
from their use in these patients. In contrast, randomized clinical trials have demonstrated a 
marked benefit of ICD implantation. The landmark Antiarrhythmic Versus Implantable 
Defibrillator (A VID) trial showed a 27% to 39% reduction in mortality in patients randomized to 
ICD placement compared with antiarrhythmic drugs (primarily amiodarone). 


Inappropriate ICD shocks are common and may be caused by mechanical lead dysfunction, 
supraventricular tachycardias, sinus tachycardia, and electromagnetic interference. In the absence 
of symptoms, an isolated shock does not require emergent evaluation. However, patients 
experiencing cardiac symptoms or multiple shocks should be referred to the emergency 
department. In most cases, the ICD can be temporarily disabled by magnet application pending 
further assessment. The response of an ICD to magnet application differs from the response of a 
pacemaker. Magnet application to a pacemaker causes temporary reversion to “magnet mode” — 
asynchronous pacing at a preset rate (usually 80-100 beats/min). Magnet application to an ICD 
only disables tachycardia therapy—it does not affect the pacemaker function of the ICD. ICD 
shocks are usually painful and frightening, and anxiolytics can be helpful in the treatment of both 
appropriate and inappropriate shocks. 
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Pericardial Disease 


Acute and Recurrent Pericarditis 

Pericardial Effusion Without Cardiac Compression 
Cardiac Tamponade 

Constrictive Pericarditis 


Key Points 


e Diagnosis of acute pericarditis is made by the presence of at least two of the three classic 
features: pleuritic chest pain, friction rub, and diffuse concordant ST-segment elevation 
on ECG, often with depression of the PR segment. 

e Many patients with acute pericarditis do not have an effusion; therefore, absence of an 
effusion on echocardiography does not rule out the diagnosis. 

e Corticosteroids should be considered only in patients with acute pericarditis who are 
refractory to or have contraindications to the use of aspirin, NSAIDs, and colchicine. 

e Colchicine is the treatment of choice for recurrent pericarditis. 

e Pericardiocentesis may be indicated for diagnosis of suspected bacterial, tubercular, or 
systemic inflammatory disease causes of pericardial effusion. 

e Pericardiocentesis is advisable if a pericardial effusion persists for longer than 3 months. 

e Clinical features of cardiac tamponade include dyspnea, tachycardia, jugular venous 
distention, hemodynamic instability, hypotension, and pulsus paradoxus greater than 10 
mm Hg. 

e Mechanical ventilation exacerbates hemodynamic compromise in tamponade and should 
be avoided if possible. 

e In subacute tamponade with mild hemodynamic compromise, a conservative approach to 
management may be appropriate, consisting of serial hemodynamic monitoring and 
echocardiography, volume resuscitation, and treatment of the causative illness. 

e Constrictive pericarditis presents with dyspnea, fatigue, jugular venous distention, 
peripheral edema, hepatomegaly, and ascites; pulmonary congestion is absent. 

e In stable patients with a transient cause of constrictive pericarditis, a 2- to 3-month trial 
of conservative management is warranted before surgical pericardiectomy. 
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Acute and Recurrent Pericarditis 


e Clinical Presentation 
e Evaluation 


e Management 
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Clinical Presentation 


Acute pericarditis, or inflammation of the pericardium, has numerous causes (Table 22). Chest 
pain from acute pericarditis is sharp and pleuritic, worsened by assuming a supine position, and 
may last for days. These characteristics aid in distinguishing it from chest pain of an acute 
myocardial infarction or unstable angina (Table 23). Although the chest pain of acute 
pericarditis is most frequently retrosternal, it is often left precordial in location and may radiate 
to the left trapezius ridge. 


Acute pericarditis recurs in 10% to 30% of patients. Recurrent pericarditis can be debilitating 
and may recur for 2 to 5 years, rarely for 15 years or more. Risk factors for recurrence are failure 
to respond to aspirin therapy or NSAIDs and prior treatment with corticosteroids. 


Acute pericarditis may occur within | or 2 days of an acute myocardial infarction and is less 
common in patients who have been treated with a thrombolytic agent than in those who have not 
received such drugs. Post—myocardial infarction syndrome, or Dressler syndrome, develops 
several weeks to months after a myocardial infarction and accounts for fewer cases of 


pericarditis. 


Table 22. Causes of Acute Pericarditis and Pericardial 


Effusion 
Cause 

Idiopathic 

Viral infection 


Bacterial infection 


Fungal infection 


Tuberculosis 


Uremia 
Autoimmune disorders 


Acute myocardial 
infarction 


Post—myocardial 
infarction 
Postpericardiotomy 


Neoplasm 


Medications 


Notes 


40% of all causes when only conventional diagnostic testing employed; 
specialized testing can lower frequency of apparently idiopathic cases 
to less than 5% 


20% of all causes; diagnostic testing (cultures and titers) generally not 
recommended; obtain HIV studies in individuals with risk factors 


About 7% of all causes; suspect in patients with bacteremia, 
endocarditis, and contiguous infection; pericardiocentesis and culture 
mandatory 


Most commonly in immunocompromised patients with evidence of 
disseminated disease; pericardiocentesis and culture mandatory 


Although infrequent in developed countries, missing the diagnosis of 
tuberculous pericarditis has serious consequences and makes its 
consideration appropriate in all cases; tuberculin skin test 
recommended for patients at risk 


6% of causes; obtain creatinine and blood urea nitrogen to confirm 
Most autoimmune diseases are potential causes; during the course of 


systemic lupus erythematosus, 20% to 40% of patients will have 
pericarditis 

Less frequent in reperfusion era; pericardial friction rub is transient and 
typically occurs for <3 days after infarction; course usually benign 
Patients typically have severe malaise; tamponade and constrictive 
pericarditis are rare complications 

Occurs >1 week after cardiac surgery; typical course is self-limited but 
often prolonged; tamponade may occur 

7% of causes; common malignancies include lung, breast, lymphoma, 
and leukemia; factors suggesting neoplasia: history of malignancy, 
large pericardial effusion, inadequate response to NSAIDs 

Culprit drugs include hydralazine, procainamide, warfarin, heparin, 
methysergide, doxorubicin, penicillins 


Chest irradiation Radiation pericarditis occurs in 20% of patients if entire pericardium is 
in the field, but in <3% if heart is shielded; acute pericarditis may occur 
immediately or months after radiation; pericarditis occurring during 
radiation usually does not preclude completion of radiation treatment; 
constrictive pericarditis may occur up to 15 years after radiation but is 
not predicted by development of pericarditis during treatment 


Blunt or penetrating Uncomplicated traumatic pericarditis usually resolves; most significant 

chest trauma complications are hemopericardium and cardiac tamponade, which 
require surgery 

Aortic dissection with Leads to cardiac tamponade; life-threatening, requiring immediate 

leakage into pericardial surgery; percutaneous pericardiocentesis may exacerbate condition 

cavity 


Table 23. Differentiation of Pericardial Chest Pain from 
Myocardial Ischemic Chest Pain 


Characteristic Pericardial Pain Myocardial Ischemic Pain 
Quality Sharp, pleuritic Pressure, heaviness, tightness, 
constricting 
Location Left precordial or retrosternal Retrosternal 
Radiation pattern Left trapezius ridge Left shoulder, left arm 
Duration Hours or days 1-15 minutes (angina) 


>20 minutes (unstable angina) 


Hours (myocardial infarction) 
Relation to exercise Unrelated Related (stable angina) 


Unrelated (unstable angina or 
myocardial infarction) 


Relation to position Relieved by leaning forward Unrelated 


Aggravated by assuming a recumbent 


position 
ECG findings Initial ECG changes that accompany ST-segment elevation is 
onset of chest pain: ST-segment downwardly concave and 


elevation that is upwardly concave and localized; or ST-segment 
diffuse (occurs in all leads except aVR depression 
and V,) 


T waves invert after ST-segment T waves invert while ST-segment 
elevation resolves and not associated elevation is present. May be 

with loss of R-wave voltage or Q waves associated with loss of R-wave 
(occurs several days after onset of chest voltage or appearance of Q waves 


pain) 

PR-segment depression present in 80% PR-segment depression rarely 
(occurs in all limb and precordial leads present 

except aVR); reciprocal PR-segment 

elevation may occur in aVR 


Q waves absent Q waves may be present 


Echocardiographic No left ventricular regional wall motion Left ventricular regional wall 
findings abnormality motion abnormality in distribution 
of coronary artery 
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Evaluation 


Diagnosis of acute pericarditis is made by the presence of at least two of the three classic 
features: (1) pleuritic chest pain; (2) friction rub; and (3) diffuse concordant ST-segment 
elevation on electrocardiography (ECG), often with depression of the PR segment. A pericardial 
friction rub is virtually pathognomonic of pericarditis. The classic pericardial friction rub has 
three components related to cardiac motion and occurs during atrial systole, ventricular 
contraction, and rapid ventricular filling. The sound of the rub can be squeaky, scratchy, high- 
pitched, or swooshing. The rub may be auscultated across the precordium, but is best heard at the 
lower left sternal border. Its detection is enhanced by listening during inspiration or full 
expiration, with the patient sitting and leaning forward. Importantly, a pericardial friction rub is 
evanescent and changes in quality, and frequent examinations may be required for its detection. 


Typical ECG changes in acute pericarditis are diffuse concave upward ST-segment elevation 
(except in leads V; and aVR) and PR-segment depression in all limb and precordial leads except 
aVR (Figure 21). These findings, along with other ECG features, help in the differentiation of 
patients with acute pericarditis versus acute myocardial infarction. The chest radiograph may 
show enlargement of the cardiac silhouette from an associated pericardial effusion, but is usually 
of little diagnostic usefulness. Chest radiography is useful in excluding other potential conditions 
that may present similarly to acute pericarditis, such as pneumothorax and pneumonia. 


Blood test results are nonspecific, with leukocytosis and an elevated erythrocyte sedimentation 
rate reflecting the inflammatory condition. Tumor marker analysis, polymerase chain reaction, 
and immunohistochemistry tests on pericardial fluid or tissue have lowered the frequency of 
apparently idiopathic cases; however, these tests are not widely available, and their use is not 
warranted in most patients. 


Only about 60% of patients with pericarditis have a pericardial effusion; echocardiography 
should be performed promptly on patients with pericarditis who have hypotension, pulsus 
paradoxus greater than 10 mm Hg, or signs of heart failure to evaluate for pericardial effusion 
and tamponade physiology. 
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Figure 21. Acute Pericarditis with ST-Segment Elevation. 


12-lead electrocardiogram shows upwardly concave ST-segment elevation and PR-segment 
depression. 
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Management 


In patients with acute pericarditis, hospitalization is prompted by an associated myocardial 
infarction, pyogenic infection, or tamponade. Outpatient management is appropriate if other 
potentially serious causes of chest pain are excluded, hemodynamic status is normal, and a 
moderate or large pericardial effusion is excluded by echocardiography. 


In the absence of a specific cause for acute pericarditis, anti-inflammatory therapy is the 
mainstay of treatment. High-dose aspirin or high-dose NSAIDs should be started and tapered 
after several weeks (Table 24). Aspirin is preferred over NSAIDs if acute myocardial infarction 
is the cause of acute pericarditis. NSAIDs may promote ventricular rupture by impairing 
myocardial scar formation. Patients who take high-dose aspirin or NSAIDs on a long-term basis 
should be monitored for adverse renal and gastrointestinal effects. Those at high risk for 
gastrointestinal bleeding from NSAIDs may be candidates for prophylactic therapy. Maintenance 
treatment can be stopped after 3 to 4 weeks. 


Colchicine in combination with aspirin is an alternative regimen in the treatment of acute 
pericarditis. In comparison with aspirin alone, this combination therapy has been shown to be 


more effective in reducing recurrences of pericarditis. Colchicine may also be considered as an 
alternative agent in the treatment of acute pericarditis when aspirin or an NSAID is 
contraindicated. Maintenance therapy is 3 months. 


If pain is not relieved within 24 hours of use of aspirin or an NSAID, the dosage may be 
increased or an alternative NSAID used. If pain is not relieved by an alternative NSAID, 
alternative causes of chest pain should be considered. Patients with acute pericarditis being 
treated with aspirin or an NSAID who have persistent chest pain, persistent fever, new or 
enlarging pericardial effusion, or worsening general health should also be given colchicine. 


Corticosteroids are used in acute pericarditis due to systemic inflammatory diseases or uremia. 
Corticosteroids also should be considered in patients who are refractory to or have 
contraindications to aspirin, NSAIDs, and colchicine. However, corticosteroids may promote the 
development of recurrent pericarditis and should not be used in patients with acute pericarditis 
due to bacterial infection or tuberculosis. They should also be avoided in patients with post- 
infarction pericarditis because of the risk of ventricular aneurysm formation. 


Anticoagulation with heparin or warfarin should be avoided in most patients with acute 
pericarditis because of the risk of hemopericardium, but prophylactic heparin may be considered 
in patients at high risk for deep venous thrombosis if alternative nonpharmacologic measures are 
not possible. In patients who develop acute pericarditis from an acute myocardial infarction, 
anticoagulation should be continued if indicated for the acute coronary syndrome but 
discontinued if pericardial effusion develops or increases. Colchicine is the treatment of choice 
for recurrent acute pericarditis and can prevent recurrences (Table 25), thus avoiding the use of 
corticosteroids. Pericardiectomy does not prevent recurrence and is not recommended for acute 
or recurrent pericarditis without constriction. 


Table 24. Pharmacologic Treatment of Acute Pericarditis 


Treatment Conventional First-Line Alternative First-Line Third-Line Agent 
Phase Agents Agent” (for Refractory 
Cases) 
Aspirin NSAID Colchicine Corticosteroid” 


Initiation 650 mg Ibuprofen 400-800 Body weight <70 kg: 0.6 Prednisone 60 mg/d 
every 4-6h mg every 6-8h mg every 12 h (use for 1 until improved 
day only if combined with 
aspirin or NSAID) 


Body weight >70 kg: 0.6 
mg every 8 h (use for 1 
day only if combined with 
aspirin or NSAID) 


Taper | 650 to 975 After 2 weeks NA | 5 mg every 3 days 
mg weekly begin taper to until 20 mg/d dose 
until off maintenance dose reached 


Maintenance NA Variable (200-300 Body weight <70 kg: 0.6 Taper slowly after 


mg TID) mg/d reaching 20 mg/d 
dose 
Body weight >70 kg: 0.6 
mg BID 
Duration 3-4 weeks 3-4 weeks 3 months Months 


BID = twice daily; NA = not applicable; TID = three times daily. 


“When aspirin and NSAID contraindicated or used as adjunctive therapy to conventional first- 
line agent when therapeutic response to conventional therapy is suboptimal. 


’Contraindicated in setting of acute myocardial infarction. Preferred in systemic inflammatory 
diseases or uremia. 


Recommendations based on Maisch B, Seferovic PM, Ristic AD, et al. Guidelines on the 
diagnosis and management of pericardial diseases executive summary; The Task force on the 
diagnosis and management of pericardial diseases of the European Society of Cardiology. Eur 
Heart J. 2004;25(7):587-610. [PMID: 15120056]; and Spodick DH. Acute pericarditis: current 
concepts and practice. JAMA. 2003;289(9):1150-1153. [PMID: 12622586]; and Imazio M, 
Bobbio M, Cecchi E, et al. Colchicine in addition to conventional therapy for acute pericarditis: 
results of the COlchicine for acute PEricarditis (COPE) trial. Circulation. 2005;112(13):2012- 
2016. [PMID: 16186437] 


Table 25. Pharmacologic Treatment of Recurrent 
Pericarditis 


Treatment Colchicine NSAID (Added Third-Line Agents (for Refractory 


Phase to Colchicine) Cases) 
Initiation Body weight <70 Ibuprofen 800 mg Prednisone 1 to 1.5 mg/kg daily for 1 
kg: 0.6 mg every every month 
12h 6h 
Body weight >70 
kg: 0.6 mg every 8 
h 
Taper NA After 2 weeks Taper over 3 months; for recurrent 
begin 600 mg symptoms during taper, return to prior 
QID dose for 2-3 weeks and thereafter taper 
At 4 weeks begin 
400 mg QID 
Maintenance Body weight <70 400 mg QID Add aspirin, NSAID, or azathioprine near 


kg: 0.6 mg/d end of taper and continue this agent for 


additional 3 months 
Body weight >70 
kg: 0.6 mg twice 
daily 
Duration 6 months 3 months >4 months 


NA = Not applicable; QID = four times daily. 


Recommendations based on Maisch B, Seferovic PM, Ristic AD, et al. Guidelines on the 
diagnosis and management of pericardial diseases executive summary; The Task force on the 
diagnosis and management of pericardial diseases of the European Society of Cardiology. Eur 
Heart J. 2004;25(7):587-610. [PMID: 15120056]; and Imazio M, Bobbio M, Cecchi E, et al. 
Colchicine as first-choice therapy for recurrent pericarditis: results of the CORE (COlchicine for 
REcurrent pericarditis) trial. Arch Intern Med. 2005;165(17):1987-1991. [PMID: 16186468]; and 
Artom G, Koren-Morag N, Spodick DH, et al. Pretreatment with corticosteroids attenuates the 
efficacy of colchicine in preventing recurrent pericarditis: a multi-centre all-case analysis. Eur 
Heart J. 2005;26(7):723-727. [PMID: 15755753] 


PreviousNext 


Pericardial Effusion Without Cardiac Compression 


e Clinical Presentation and Evaluation 
e Management 


PreviousNext 


Clinical Presentation and Evaluation 


Unless accompanied by pericarditis, most patients with a pericardial effusion are asymptomatic 
if intrapericardial pressure is not increased. Physical examination is nonspecific with muffled 
heart sounds and dullness percussible beyond the apex with a large effusion. 


Abnormalities on ECG may include reduced QRS voltage and, in the presence of large effusions, 
electrical alternans. Echocardiography is the mainstay for diagnosis and assessment of 
hemodynamic significance of a pericardial effusion (Figure 22). Chest radiography is not 
sensitive for detection of pericardial effusions. Both CT and MRI provide a wider tomographic 
view than echocardiography and so are helpful for defining masses or lymphadenopathy 
associated with an effusion and evaluation of loculated effusions. 


Extensive laboratory testing will yield a diagnosis, but reasonable studies include complete blood 
count, serum electrolytes, blood urea nitrogen and creatinine, thyroid-stimulating hormone, 


antinuclear antibodies, and tuberculin skin test. Pericardiocentesis may be indicated for diagnosis 
of bacterial, tubercular, or systemic inflammatory disease causes of pericarditis. Pericardial fluid 
should be sent for culture, cytology, and determination of adenosine deaminase activity (for 
possible tuberculous pericarditis). Surgical pericardial biopsy is important in the diagnosis of 
malignancy or systemic disease because of its greater sensitivity as compared with 
pericardiocentesis. 


Figure 22. Pericardial Effusion. 


Two-dimensional echocardiographic image of a large circumferential pericardial effusion (PE) 
surrounding the left (LV) and right (RV) ventricles. 


Management 


An idiopathic pericardial effusion in stable patients requires no specific therapy, but serial 
echocardiography is advisable. Echocardiography is more sensitive than monitoring of clinical 
findings for detecting the development of a hemodynamically significant pericardial effusion. In 
addition, echocardiography is useful in assessing for progression or regression of the effusion. 
Pericardiocentesis is advisable if an effusion persists for longer than 3 months. In patients with 
idiopathic effusions, pericardiocentesis is often curative. Anticoagulants should be avoided 
because of the risk of hemopericardium. 
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Clinical Presentation and Evaluation 


Clinical features of cardiac tamponade include dyspnea, tachycardia, jugular venous distention, 
hemodynamic instability, and hypotension. Tamponade results from increased intrapericardial 
pressure from the accumulation of pericardial fluid. Cardiac tamponade typically presents 
acutely, but it may present subacutely (for example, after acute viral pericarditis). Conditions that 
may present similarly to acute cardiac tamponade include massive pulmonary embolism and 
myocardial infarction. 


In tamponade, pericardial effusion is usually circumferential but may be loculated. The rapidity 
of fluid accumulation is a greater factor in the development of tamponade than the absolute 
volume of the effusion. A pulsus paradoxus (systolic pressure variation with respiration >10 mm 
Hg) supports the diagnosis. Even when tamponade is present, pulsus paradoxus may be absent if 
there is coexisting significant aortic regurgitation, atrial septal defect, left ventricular 
hypertrophy, pulmonary hypertension, or right ventricular hypertrophy. 


Echocardiography is the procedure of choice for diagnosing tamponade. It confirms elevated 
intrapericardial pressure as manifested by invagination or diastolic “collapse” of right-sided heart 
chambers, increased respiratory variation in peak mitral and tricuspid inflow velocities, and 
inferior vena cava dilatation and plethora (that is, the inferior vena cava remains distended 
throughout the respiratory cycle). The absence of a pericardial effusion on echocardiography 
virtually excludes tamponade. 
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Management 


In subacute tamponade, hemodynamic compromise may be mild and conservative therapy can be 
instituted, with serial noninvasive hemodynamic monitoring (blood pressure, heart rate, pulsus 
paradoxus) and echocardiography, volume resuscitation, and treatment of the causative illness. 


When overt hemodynamic compromise is evident, acute management includes maintenance of 
systemic blood pressure with aggressive volume resuscitation and vasopressors. Pericardial fluid 
should be drained by pericardiocentesis or surgery. Complications from pericardiocentesis are 
minimized when guided by echocardiography, which identifies the site and direction of safe 
needle entry into the pericardial space. Inotropic agents such as dobutamine may be needed in 
select patients if ventricular function was impaired prior to the development of tamponade. Intra- 
aortic balloon counterpulsation should be employed for refractory hypotension, particularly if 
there is coexisting myocarditis and ventricular dysfunction. 


Mechanical ventilation with high positive end-expiratory pressure reduces venous return, 
exacerbating hemodynamic compromise in patients with tamponade, and should therefore be 
avoided. Oversedation can reduce the compensatory sympathetic drive and result in sudden 
hemodynamic collapse. In tamponade caused by aortic dissection, pericardiocentesis can further 
exacerbate hemodynamic instability, and surgical pericardial drainage, therefore, is appropriate. 


Cardiac tamponade should be considered as a possible cause of pulseless electrical activity. If 


indicated, pericardiocentesis should be promptly performed. 
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Constrictive Pericarditis 


e Clinical Presentation and Evaluation 
e Management 
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Clinical Presentation and Evaluation 


Patients with constrictive pericarditis present with dyspnea, fatigue, jugular venous distention, 
peripheral edema, hepatomegaly, and ascites. Notably, pulmonary congestion is absent. A 
pericardial knock may be present. Jugular veins may engorge with inspiration (Kussmaul sign). 
Atrial fibrillation occurs in more than 20% of patients with constrictive pericarditis, likely due to 
long-standing elevated atrial pressures and atrial enlargement. 


In the United States, constrictive pericarditis commonly occurs following cardiac surgery and as 
a result of viral infection or acute pericarditis. Other causes include mediastinal irradiation and 
rheumatoid arthritis or connective tissue disease. Effusive constrictive pericarditis is a disease 
characterized by components of tamponade from pericardial fluid and constriction from a rigid 
pericardium. This disease may become apparent after pericardiocentesis in patients initially 
diagnosed with isolated tamponade. It is important to distinguish constrictive pericarditis from 
restrictive cardiomyopathy (Table 26). 


Echocardiography shows an excessively high peak transmitral or peak tricuspid early filling 
velocity and a rapid rate of decline in the early filling velocities after achieving the peak velocity. 
In constrictive pericarditis, the normally modest influence of respirations on increasing and 
decreasing ventricular filling is enhanced and demonstrable by Doppler echocardiography 
(Figure 23). In addition, the ventricles compete during diastole owing to the pericardial restraint, 
as manifested by shifting of the ventricular septum to and fro during diastole as a manifestation 
of the right and left ventricle competing for a confined space during diastolic expansion. 
Importantly, these findings are not seen in restrictive cardiomyopathy. 


MRI and CT are useful for confirming pericardial thickening. Calcification of the pericardium on 
chest radiograph or CT strongly supports the diagnosis. Chest radiograph as well as ECG 
findings are typically nonspecific. Cardiac catheterization may be needed for diagnosis. In 
constrictive pericarditis, left and right ventricular pressure recordings show a dip-and-plateau 
waveform, also called a “square root sign’ —a rapid and steep decrease followed by an increase 
in early diastolic pressure (dip) followed by relatively unchanged mid and late diastolic pressures 
(plateau). 
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Figure 23. Constrictive Pericarditis on Doppler 
Echocardiography. 
Pulsed Doppler echocardiography of mitral valve inflow shows accentuated rise and fall in early 


mitral valve peak velocities (E) during onset expiration (EXP) and inspiration (INSP) from 
constrictive pericarditis, respectively. 


Reproduced from Rajagopalan N, Garcia MJ, Rodriguez L, et al. Comparison of new Doppler 
echocardiographic methods to differentiate constrictive pericardial heart disease and restrictive 
cardiomyopathy. Am J Cardiol. 2001;87:86-94. [PMID: 11137840] Copyright 2001, with 
permission from Elsevier. 


Table 26. Differentiation of Constrictive Pericarditis from 
Restrictive Cardiomyopathy 


Finding Constrictive Restrictive 


Pericarditis Cardiomyopathy 
Electrocardiography 
Presence of left or right bundle branch block Not supportive Supportive 
Presence of left or right ventricular hypertrophy Not supportive Supportive 
Chest Radiography 
Pericardial calcification May be present Absent 
Echocardiography 
Presence of left ventricular hypertrophy Absent Present 
Accentuated drop in peak left ventricular filling Present Absent 
during inspiration 
Reduced tissue Doppler velocities Absent Present 
To-and-fro diastolic motion of ventricular septum Present Absent 
MRI/CT 
Increased pericardial thickness Present in 80% Absent 


Hemodynamic Right and Left Heart Catheterization 


Elevated and equalized diastolic left and right Present Absent 
ventricular pressures (within 5 mm Hg) 


Left and right ventricular systolic pressure changes Discordant Concordant 
with respiratory cycle 
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Management 


Diuretics may help relieve dyspnea and peripheral edema in patients with constrictive 
pericarditis. However, these patients depend on higher than normal filling pressures to maintain 
stroke volume, and overly aggressive diuresis may reduce cardiac output, causing orthostatic 
hypotension and dizziness. Heart rate control is necessary if atrial fibrillation is present. 
However, a compensatory increase in heart rate is to be expected, and overly aggressive rate 
slowing could be harmful. 


Although constrictive pericarditis is typically chronic, it may resolve spontaneously or after anti- 
inflammatory therapy. Transient causes of constrictive pericarditis include pericardiotomy, viral 
infection, connective tissue disease, trauma, and malignancy. Treatment for these causes may 
include NSAIDs, chemotherapy, or antibiotics. Thus, in stable patients a 2- to 3-month trial of 
conservative management is warranted before surgical pericardiectomy. 


Pericardiectomy is effective for constrictive pericarditis. However, it is unnecessary in patients 
with mild peripheral edema, mild jugular venous distention, or who are in New York Heart 
Association (NYHA) functional class I with medical therapy. In patients with cachexia, cirrhosis, 


markedly reduced cardiac output, or NYHA class IV symptoms, the surgical mortality rate is 
high (6%-19%) and the benefit negligible. Thus, pericardiectomy is advisable in patients with 
chronic constrictive pericarditis who have NYHA functional class II or III symptoms. In some 
patients, resolution of symptoms after pericardiectomy may take months. In addition, ejection 
fraction may decrease after surgery, resulting in symptoms that necessitate the use of diuretics, 
digoxin, and/or vasodilators. 
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Valvular Heart Disease 


Diagnosis and Evaluation of Valvular Heart Disease 
General Principles of Management of Valvular Heart Disease 


Aortic Stenosis 
Mitral Stenosis 


Acute Valvular Regurgitation 
Chronic Valvular Regurgitation 


Tricuspid Valve Disease 
Endocarditis 
Prosthetic Valves 


Key Points 


e Transthoracic echocardiography for the evaluation of valvular heart disease is indicated 
in symptomatic patients, in those with a systolic murmur grade 3/6 intensity or greater, 
and in those with any continuous or diastolic murmur. 

e Compared with transthoracic echocardiography, transesophageal echocardiography 
provides improved imaging quality, particularly for the mitral valve and left atrial 
appendage, for prosthetic valves, and for evaluation of endocarditis. 

e Auscultatory features of aortic stenosis include a mid- to late-peaking systolic murmur 
that radiates to carotid arteries, a single S2, and a decrease and delay in the carotid pulses. 

e Valve replacement for aortic stenosis is indicated once symptom onset occurs. 

e Bicuspid aortic valves are associated with aortic stenosis, regurgitation, and aortic 
dilation. 

e Mitral stenosis is almost always caused by rheumatic valve disease. 

e Patients with mild mitral stenosis may be asymptomatic at rest but develop dyspnea with 
increased cardiac demand. 

e Percutaneous valvotomy is the intervention of choice for moderate to severe mitral 
stenosis with favorable anatomy. 

e Clinical presentation in acute valvular regurgitation includes tachycardia, heart failure, 
pulmonary edema, and hemodynamic shock. 

e Acute mitral regurgitation should be suspected in patients with myocardial infarction and 
acute respiratory failure. 

e Afterload-reducing and inotropic medications may initially stabilize patients with acute 
valvular regurgitation but do not supplant urgent surgical intervention. 

e Surgical intervention is indicated in symptomatic patients with severe left-sided valvular 
regurgitation. 

e Timing of surgery in asymptomatic patients with chronic valvular regurgitation is 
primarily determined by left ventricular end-systolic dimension and ejection fraction. 

e Significant pulmonary hypertension can cause regurgitation of a normal tricuspid valve. 

e Severe tricuspid regurgitation is difficult to treat, and surgery is generally performed only 
if other cardiac surgery is planned. 

e Endocarditis should be suspected in patients with a new or abnormal murmur, 
particularly in patients with fever or a compelling history. 

e Blood cultures should be obtained in febrile patients with implanted devices, such as 
prosthetic valves or pacemakers, and those with known native valve disease before 
instituting antibiotic therapy for presumed noncardiac infections. 

e Endocarditis prophylaxis is no longer indicated in most patients with native valve 
disease, including those with mitral valve prolapse or a bicuspid aortic valve. 

e Emergent surgery is indicated in endocarditis patients with hemodynamic instability and 
should not be delayed while the acute infection is treated. 

e Mechanical valves are durable but require lifelong warfarin anticoagulation. 

e Biologic valves do not require lifelong anticoagulation, but are prone to progressive 
calcific degeneration. 

e Surgery is indicated for mechanical valve thrombosis unless the patient is 
hemodynamically stable and the clot burden is small. 
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Diagnosis and Evaluation of Valvular Heart Disease 


e History and Physical Examination 
e Diagnostic Evaluation 
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History and Physical Examination 


Acute, severe valve disease nearly always presents with heart failure. However, symptom onset 
may be insidious in chronic or slowly progressive valve lesions, and patients may unconsciously 
curtail activities to compensate. 


The first indications of an abnormality may be a heart murmur heard on physical examination. 
Murmur descriptions should include intensity, duration, radiation, and timing in the cardiac cycle 
(Table 27). Additional physical examination features that help to identify the source of a 
murmur include apical impulse palpation, distal pulses, timing of Sı and So, ejection clicks and 
other extra heart sounds, and response to Valsalva and other maneuvers. Midsystolic murmurs of 
low intensity (grade 1/6 or 2/6) are usually benign and are attributable to minor aortic valve 
abnormalities or physiologic increases in blood flow, such as in anemia, sepsis, or pregnancy. 


Table 27. Cardiac Murmurs and Associated Findings 


Cause of Murmur Characteristic Location Radiation Associated Findings 
Systolic Murmurs 

Innocent flow Soft, midsystolic Base None Normal splitting of S2 

murmur 

Aortic stenosis Crescendo- Base Carotids Single S2, pulsus parvus, S4, 
decrescendo, palpable apical impulse 
midsystolic 

Bicuspid aortic Crescendo- Base Carotids Valve opening click in young 

valve decrescendo, adults, diastolic murmur if 
midsystolic concurrent aortic regurgitation 

Pulmonic stenosis Crescendo- Base None Valve opening click, right-sided 
decrescendo, S4 
midsystolic 

Hypertrophic Crescendo, mid- Base Carotids Bifid carotid impulse; murmur 

obstructive or late systolic decreases with passive leg 


cardiomyopathy elevation or hand grip, increases 


Mitral Holo- or late Apex 
regurgitation systolic 
Mitral valve Late systolic Apex 


prolapse with 
mitral regurgitation 


Papillary muscle Transient, during Apex 
dysfunction or myocardial 
rupture ischemia 
Atrial septal defect Usually only a LLSB 
pulmonic flow 
murmur is present 


Ventricular septal Holosystolic LLSB 
defect 

Tricuspid Holosystolic LLSB 
regurgitation 


Axilla or 
back 


Axilla 


Axilla 


None 


None 


LRSB 


Diastolic Murmurs 


Aortic Decrescendo LLSB 

regurgitation 

Pulmonic Mid-diastolic LLSB 

regurgitation 

Mitral stenosis Low-pitched Apex 
rumble 

Tricuspid stenosis Low-pitched LLSB 
rumble 


None 


None 


None 


RUQ 


Continuous Murmurs 


with Valsalva 

Hyperdynamic apical impulse; 
apical displacement if left 
ventricle is enlarged; murmur 
increases with isometric exercise; 
best heard in left lateral decubitus 
position 

With Valsalva, murmur decreases 
and midsystolic click moves 
closer to S4; other findings 
similar to mitral regurgitation of 
any cause 


Acute coronary syndrome, heart 
failure 


Fixed splitting of S2; RV heave, 
tricuspid rumble 


Palpable thrill; murmur increases 
with isometric exercise, decreases 
with amyl nitrate 


Prominent v waves in neck, 
hepatic pulsation; murmur 
increases with inspiration; in 
severe TR, abdominal ascites, 
pedal edema; with pulmonary 
hypertension, loud pulmonic 
component of S2 


Enlarged apical impulse, widened 
pulse pressure, bounding carotid 
pulses; murmur best heard in 
upright position, leaning forward, 
end-expiration 

Loud S; if pulmonary 
hypertension is present 

Murmur best heard in left lateral 
decubitus position; opening snap; 
palpable P2; irregular pulse if 
atrial fibrillation is present 

Right ventricular heave 


Patent ductus Machinery-like Base Back May have widened pulse pressure 
arteriosus 


Mammary souffle Soft, humming Between None Usually heard over the breast 
breast and during pregnancy or lactation 
sternum 

Coarctation of the Accentuation Over back Back Higher blood pressure in arms 

aorta midsystole, but versus legs 

continuous 


LLSB = lower left sternal border; LRSB = lower right sternal border; RUQ = right upper 
quadrant of the abdomen; RV = right ventricular; TR = tricuspid regurgitation. 
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Diagnostic Evaluation 


Transthoracic echocardiography is indicated in symptomatic patients, in those with a systolic 
murmur grade 3/6 intensity or greater, and in those with any continuous murmur (a murmur that 
begins after Sı and extends beyond S2) or diastolic murmur (Figure 24). Echocardiography 
allows diagnosis of lesion etiology and severity, identification of coexistent lesions, diagnosis of 
pulmonary hypertension, and assessment of ventricular size and function (Table 28). For stenotic 
lesions, Doppler-derived transvalvular velocities allow calculation of valve area and pressure 
gradients across the valve and are the strongest predictor of clinical outcome. For regurgitant 
lesions, assessment includes color jet size, the width of the narrowest segment of the regurgitant 
jet (vena contracta), and jet signal strength. Quantitative measurements of the size of the 
regurgitant orifice and volume of regurgitant flow are increasingly reported and are strongly 
associated with prognosis and clinical outcome. However, these measurements are technically 
demanding to acquire. Despite this, the 2006 American College of Cardiology/American Heart 
Association (ACC/AHA) valvular heart disease guidelines now emphasize quantitative measures 
in reporting regurgitation severity. Transesophageal echocardiography is recommended in some 
patients with valve disease, including severe mitral regurgitation, prosthetic valves, and 
endocarditis. 


When symptoms or findings from the physical examination are discrepant from 
echocardiographic findings, elevated B-type natriuretic peptide levels may indicate early 
hemodynamic significance of the lesion. Exercise testing with echocardiography assesses lesion 
significance by measuring exercise-induced changes in pulmonary pressures. Exercise tolerance 
and duration are predictors of progression to need for intervention. 


Dobutamine stress echocardiography can be used in patients with aortic stenosis and systolic 

dysfunction to assess whether a small calculated aortic valve area is the result of true stenosis or 
whether the poorly functioning left ventricle cannot generate sufficient systolic pressure to fully 
open only mildly stenotic valve leaflets. If the calculated valve area increases with dobutamine- 


augmented cardiac output, then the “obstruction” was due to the inability of the left ventricle to 
open the valve well (pseudostenosis). If the valve area does not increase, the aortic stenosis is 
present. 


Cardiac catheterization is no longer recommended for primary evaluation of valvular disease 
except for preoperative assessment for coronary artery disease in patients with atherosclerotic 
risk factors to determine whether concurrent bypass grafting is needed at the time of surgery. 


Physical Examination 
Systolic murmur >grade 3/6 
Diastolic or continuous murmur 
Symptoms 


Transthoracic echocardiogram 
Ventricular size and function 
Pulmonary pressures 
Measures of disease severity 


If poor image quality on 
transthoracic echocardiogram 


If symptoms are 
equivocal 


Transesophageal echocardiogram Plasma B-type natriuretic peptide level and/or 


Measures of disease severity stress echocardiogram 
Exercise tolerance 


Exercise pulmonary pressures 


If not well seen 
by echocardiography 


CT or MRI 


Aorta assessment: ascending, arch, descending 
Cardiac chamber size and function: ventricular volume 


Figure 24. Diagnostic Pathway for Valvular Heart Disease. 


Table 28. Normal Cardiac Measurements 


Parameter Normal Value 
Ejection fraction >55% 
Left ventricular end-diastolic dimension <60 mm 
Left ventricular end-systolic dimension <40 mm 
Left atrial dimension <40 mm 


Pulmonary artery systolic pressure <30 mm Hg 
Ascending aorta diameter <3.5 cm 
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General Principles of Management of Valvular Heart 
Disease 


Timing of intervention for valvular heart disease is predicated on the presence of 
cardiopulmonary symptoms attributable to the lesion or evidence of adverse hemodynamic 
consequences Cardiopulmonary symptoms in patients with mild or moderate lesions should 
prompt evaluation for other superimposed or primary disease processes. 


Serial clinical evaluation and echocardiography are indicated in asymptomatic patients to 
monitor for symptoms and hemodynamic effects on the left ventricle and pulmonary pressures, 
dependent on the type of valve lesion and the severity of valve dysfunction (Table 29). When 
more rapid lesion progression is suspected, shorter evaluation intervals are indicated. In the 
absence of exertional syncope or known life-threatening exertional arrhythmia, patients with 
valvular heart disease can usually participate in competitive sports. Most asymptomatic patients 
with significant disease who need noncardiac surgery can be managed conservatively with a 
cardiac anesthesiologist and careful intraoperative attention to fluid balance. 


Measures to decrease preload, control volume overload, and manage arrhythmia do not supplant 
surgical intervention in symptomatic patients or in those with evidence of hemodynamic 
compromise. Asymptomatic patients with severe disease who are having other cardiac surgery, 
such as coronary artery bypass grafting, should also undergo surgical correction. 


Table 29. Serial Evaluation of Asymptomatic Patients with 
Left-Sided Valvular Conditions 


Factors Considered Lesion Severity Frequency 
Aortic Stenosis 
Stenosis severity; rate of progression Mild (Vmax <3 m/s, AVA >1.5 cm’) Clinical eval 
yearly 
Echo every 3-5 y 
Moderate (V max 3-4 m/s, AVA 1.0-1.5 Clinical eval 
cm?) yearly 
Echo every 1-2 y 
Severe (Vmax >4 m/s, AVA <1.0cm°) Clinical eval 
yearly 
Echo yearly 


Mitral Stenosis 


Stenosis severity; rate of progression Mild (MVA>1.5cm2,MPG<5mm Clinical eval 
Hg, PASP <30 mm Hg) yearly 
Echo every 3-5 y 
Moderate (MVA 1.0-1.5 cm’, MPG 5- Clinical eval 
10 mm Hg, PASP 30-50 mm Hg) yearly 
Echo every 1-2 y 


Severe (MVA <1.0 cm’, MPG >10 mm Clinical eval 


Hg, PASP >50 mm Hg) yearly 
Echo yearly 
Aortic Regurgitation 
Regurgitation severity; rate of Mild (VC <0.3 cm, ROA <0.10 cm’, Clinical eval 
progression; EF; LV chamber size; RV <30 mL/beat); normal EF yearly 
ascending aorta dilation Echo every 2-3 y 


Severe (VC >0.6 cm, ROA =0.3 cm’, 
RV >60 mL/beat, RF >50%) 


EF >50%; LV size normal Clinical eval 
every 6-12 mo 
Echo yearly 
EF >50%; LV size increased Clinical eval 
every 6 mo 
Echo every 6 to 
12 mo 
Mitral Regurgitation 
Regurgitation severity; rate of Mild (VC <0.3 cm, ROA <0.10 cm’, Clinical eval 
progression; EF; LV chamber size; = RV <30 mL/beat); normal EF mL/beat); yearly 
pulmonary pressure EF normal; LV size normal Echo only if 
symptomatic 
Severe (VC >0.7 cm, ROA =0.4 cm’, Clinical eval 
RV >60 mL/beat, RF >50%) every 6-12 mo 
Echo every 6-12 
mo 


AV A= aortic valve area; echo = echocardiography; EF = ejection fraction; eval = evaluation; LV 
= left ventricle; MPG = mean pressure gradient; MVA = mitral valve area; PASP = pulmonary 
artery systolic pressure, RF = regurgitant fraction; ROA = regurgitant orifice area; RV = 
regurgitant volume; VC = vena contracta width; Vmax = maximum aortic jet velocity. 


Recommendations based on American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines; Society of Cardiovascular Anesthesiologists; Society for 
Cardiovascular Angiography and Interventions; Society of Thoracic Surgeons, Bonow RO, 
Carabello BA, Kanu C, et al. ACC/AHA 2006 guidelines for the management of patients with 
valvular heart disease: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (writing committee to revise the 1998 Guidelines 
for the Management of Patients With Valvular Heart Disease): developed in collaboration with 


the Society of Cardiovascular Anesthesiologists: endorsed by the Society for Cardiovascular 
Angiography and Interventions and the Society of Thoracic Surgeons. Circulation. 
2006; 114(5):e84-231. [PMID: 16880336] 
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Aortic Stenosis 


e Pathophysiology 
e Clinical Presentation 


e Management 
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Pathophysiology 


Progressive calcification of a normal trileaflet or congenitally bicuspid aortic valve is the most 
common cause of aortic stenosis in the United States. Less common causes include rheumatic 
disease and noncalcified congenital valve disease. Progressive obstruction of left ventricular 
outflow increases afterload and intracavitary systolic pressure. The initial compensatory 
mechanism is myocardial hypertrophy with impaired diastolic filling and preservation of systolic 
function. In the later stages, increased myocardial wall stress may cause impaired systolic 
function and ventricular dilation. 


Calcific stenosis is an active disease process, akin to atherosclerosis, with disruption of the 
basement membrane, inflammatory cell infiltration, progressive calcification, and lipid 
deposition. There is a long latency period; calcific stenosis of a trileaflet aortic valve usually 
presents clinically in the sixth or seventh decade of life. 


Risk factors associated with aortic stenosis include diabetes mellitus, male sex, smoking, 
hypertension, older age, and hyperlipidemia. Several small clinical trials have investigated the 
use of lipid-lowering therapy or angiotensin-converting enzyme (ACE) inhibitors to retard or halt 
this disease process. However, larger prospective, randomized trials have shown no effect on 
valve disease progression or cardiovascular death. 


Aortic valve sclerosis, or valve thickening without outflow obstruction, is present in more than 
25% of persons older than 65 years. Patients are often diagnosed when an asymptomatic murmur 
is auscultated or following an incidental echocardiographic finding. If leaflet thickening causes 
malcoaptation of the leaflets, regurgitation may be present, but it is usually mild. The 
progression from aortic sclerosis to stenosis is slow, and fewer than 20% of patients develop 
valve obstruction over the next 10 years. Once mild stenosis is present, however, there is an 
average annual increase of 7 mm Hg in mean transvalvular pressure gradient and an annual 


decrease of 0.1 cm’ in valve area. Clinical factors associated with more rapid progression include 
severity of valve calcification, renal disease, and older age. Although significant outflow 
obstruction is not present with aortic sclerosis, there is a 50% increased risk of myocardial 
infarction or death due to cardiovascular disease over 5 years, likely due to the association 
between aortic sclerosis and total atherosclerotic burden. 
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Bicuspid Aortic Valve 


About 50% of adults undergoing surgery for calcific aortic stenosis have a congenital bicuspid 
valve. Because a bicuspid valve is subject to higher mechanical and shear stress than a tricuspid 
valve, the disease process is accelerated, and clinical presentation tends to be earlier—in the 
fourth or fifth decades of life. A bicuspid aortic valve also is associated with aortic dilation and 
an increased risk of aortic dissection. Therefore, serial imaging of the aorta is indicated if aortic 
dilation is diagnosed. If the ascending aorta is not seen well by transthoracic echocardiography, 
serial CT or cardiac MRI of the aorta may be used. Aortic root replacement is indicated if 
diameter exceeds 5.0 cm but should be considered earlier if progression is rapid, there is a family 
history of dissection, or if there is a known underlying connective tissue disease. Most patients 
with bicuspid valves eventually develop significant abnormalities requiring surgery. 
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Clinical Presentation 


Classic manifestations of aortic stenosis are angina, syncope, and heart failure. In early stages, 
aortic stenosis may present subtly, with dyspnea or a decrease in exercise tolerance. Atrial 
fibrillation can be associated with severe clinical deterioration. Angina occurs in more than 50% 
of patients with severe stenosis, due in part to maldistribution of coronary flow in the 
hypertrophied myocardium. Patients with aortic stenosis have increased sensitivity to ischemic 
injury and subsequent higher mortality. Frank syncope associated with aortic stenosis is rare, 
with prospective studies documenting sudden cardiac death rates below 1% annually. 


Auscultatory features of aortic stenosis include a mid- to late-peaking systolic murmur that 
radiates to the carotid arteries, an S4, a single S2 due to loss of the aortic closure component, and 


delayed timing and decreased amplitude in the carotid pulses (pulsus parvus et tardus) (see Table 
27). 
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Management 


Once severe aortic stenosis is diagnosed in asymptomatic patients, yearly echocardiography aids 
in monitoring pulmonary pressure, ventricular hypertrophy, and worsening valve hemodynamics. 


In the absence of valve replacement, the overall 1-year mortality rate in symptomatic patients 
with severe aortic stenosis is poor, approaching 50%. Definitive markers to predict timing and 
symptom onset are lacking, but most asymptomatic patients with transaortic velocities greater 
than 4 m/s eventually develop symptoms. Symptom provocation during exercise testing and an 
elevation in B-type natriuretic peptide levels may be early predictors for symptom onset. 


Aortic valve replacement is the treatment of choice for symptomatic disease (Table 30). Patients 
with preoperative systolic dysfunction may recover some function after valve replacement with 
relief of afterload on the heart. Urgent valve replacement is indicated in patients who present in 
acute heart failure. Although studies suggest the relative safety and benefit of intravenous 
nitroprusside to transiently improve cardiac function as a bridge to valve replacement, this and 
other afterloading agents do not supplant valve replacement in symptomatic patients. Aortic 
valve replacement is associated with a perioperative mortality rate of 3% to 4%. Complications 
include thromboembolism, bleeding, prosthetic valve dysfunction, and endocarditis. Prophylactic 
valve replacement in asymptomatic patients is considered if other cardiac surgery is planned in 
patients with greater than moderate aortic stenosis, those with systolic dysfunction, in women 
contemplating pregnancy, and in patients who live far from health care facilities. 


Early studies with percutaneous valve replacement show promising results, but the data are still 
preliminary. Percutaneous balloon aortic valvotomy is generally not performed for calcific aortic 
stenosis because serious complications occur in more than 10% of patients, and restenosis or 
recurrent symptoms occur within 1 year in most patients. 


Table 30. Timing of Intervention for Severe Left-Sided 
Valvular Conditions 


Aortic Stenosis Mitral Stenosis Chronic Aortic Chronic Mitral 
Regurgitation Regurgitation 
INTERVENTION INTERVENTION INTERVENTION INTERVENTION 
Aortic valve Percutaneous valvotomy if Aortic valve Mitral valve repair if 
replacement anatomy amenable and if less replacement with anatomy amenable; 
than moderate mitral aortic root otherwise, mitral 
regurgitation and no left atrial replacement if needed valve replacement 
appendage clot by TEE’; 
otherwise, mitral valve 
replacement 
IF IF IF IF 
Patient symptomatic Patient symptomatic Patient symptomatic Patient symptomatic 
OR OR OR OR 
Ejection fraction Ejection fraction Ejection fraction 


<50% <50% <60% 


OR OR OR 


End-systolic End-systolic 
dimension >55 mm or dimension >40 mm 
end-diastolic 

dimension > 70 mm 


OR OR 
Patient needs other Abnormal hemodynamic Abnormal (Consider if) 
cardiothoracic response to exercise (PAP hemodynamic pulmonary 
surgery (e.g., increases by 25 mm Hg) response to exercise hypertension or atrial 
CABG) (PAP increases by 25 fibrillation 

mm Hg) 
OTHERWISE OTHERWISE OTHERWISE OTHERWISE 
Serial evaluation Serial evaluation (see Table Serial evaluation (see Serial evaluation (see 
(see Table 29) 29) Table 29) Table 29) 


CABG = coronary artery bypass surgery; PAP = pulmonary arterial pressure; TEE = 
transesophageal echocardiography. 


“All patients considered for percutaneous valvotomy should undergo TEE to assess for left atrial 
appendage clot and mitral regurgitation severity whether or not the patient is in sinus rhythm or 
atrial fibrillation. 


Recommendations based on American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines; Society of Cardiovascular Anesthesiologists; Society for 
Cardiovascular Angiography and Interventions; Society of Thoracic Surgeons; Bonow RO, 
Carabello BA, Kanu C, et al. ACC/AHA 2006 guidelines for the management of patients with 
valvular heart disease: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (writing committee to revise the 1998 Guidelines 
for the Management of Patients With Valvular Heart Disease): developed in collaboration with 
the Society of Cardiovascular Anesthesiologists: endorsed by the Society for Cardiovascular 
Angiography and Interventions and the Society of Thoracic Surgeons [erratum in Circulation. 
2007;115(15):e409.]. Circulation. 2006;114(5):e84-231. [PMID: 16880336] 
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Pathophysiology 


Mitral stenosis is almost always caused by rheumatic valve disease, and more than 80% of 
patients are women. Recurrent rheumatic fever leads to progressive inflammatory injury and 
valvular dysfunction. Depending on the extent and location of injury, patients can develop 
stenotic valvular lesions, regurgitant lesions, or both. In the United States, clinical presentation 
tends to be in the fifth decade of life, or 20 to 30 years after the initial episode of rheumatic 
fever, but severe disease presents at much younger ages (adolescent to young adult) in 
immigrants from areas where rheumatic fever is endemic. 
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Clinical Presentation 


Patients with moderate mitral stenosis (mean valvular pressure gradients 5-10 mm Hg) may be 
asymptomatic at rest, but develop dyspnea with increased cardiac demand, such as exercise, 
anemia, or pregnancy. Once symptoms develop, another decade can pass before symptoms are 
disabling. Progressive obstruction of mitral inflow leads to increases in left atrial pressure and 
dilation. Atrial fibrillation occurs in more than 30% of all symptomatic patients and is associated 
with worsening symptoms and poorer long term-outcome. Measures to restore sinus rhythm are 
usually unsuccessful or unsustained. 


The auscultatory findings for rheumatic mitral stenosis include an opening snap with a low 
pitched mid-diastolic murmur that accentuates presystole (see Table 27). S; may be intensified 
owing to higher left atrial pressures. The echocardiographic appearance is one of commissural 
fusion, leaflet thickening, calcification, and restricted leaflet motion. The mitral valve may 
appear “domed” in diastole owing to the inability to fully open. Involvement of the chordae and 
subvalvular apparatus is common. In severe mitral stenosis, transmitral pressure gradients are 
greater than 10 mm Hg, the left atrium is enlarged, and pulmonary arterial pressures are usually 
above 60 mm Hg. 


PreviousNext 


Management 


Conservative medical management is a reasonable approach for patients with asymptomatic mild 
mitral stenosis. Rate control for atrial fibrillation with atrioventricular nodal blocking agents may 
improve diastolic filling time and decrease symptoms. Anticoagulation with warfarin is 
recommended in patients with atrial fibrillation or embolic stroke; prophylactic use of 
anticoagulation in other mitral stenosis patients has not shown benefit. Prognosis is excellent in 
asymptomatic and minimally symptomatic patients (>80% survival rate at 10 years), but once 


patients develop significant symptoms, the 10-year survival rate drops to below 15% without 
intervention. Death from rheumatic mitral stenosis results from progressive pulmonary 
congestion, systemic embolism, and infection. 


In symptomatic patients, percutaneous valvotomy is indicated in symptomatic patients with a 
valve area of less than 1.0 cm? or pulmonary pressures above 50 mm Hg (see Table 30). 
Percutaneous valvotomy also is recommended in asymptomatic patients with moderate or severe 
obstruction if valve anatomy is favorable. Valve characteristics that favor a successful valvotomy 
include pliable mitral valve leaflets, minimal commissural fusion, and minimal 
valvular/subvalvular calcification as evaluated by echocardiography. Pulmonary hypertension is 
not a contraindication, as this typically improves immediately following the procedure and 
continues to improve over the ensuing year. Major complications include severe mitral 
regurgitation, systemic embolization, and tamponade; the mortality rate is approximately 1%, 
with improved success rates at more experienced centers. Percutaneous valvotomy should not be 
attempted if the anatomy is unfavorable or if preprocedure transesophageal echocardiography 
demonstrates moderate or severe mitral regurgitation or the presence of a left atrial appendage 
thrombus. Symptom recurrence following valvotomy is more commonly due to mitral 
regurgitation than to recurrent stenosis. 


In patients whose anatomy is not amenable to valvotomy or who have significant mitral 
regurgitation, valve replacement is recommended. In patients referred for mitral valve 
replacement surgery who have atrial fibrillation, concurrent left atrial radiofrequency ablation 
and left atrial appendage ligation should be considered to reduce postoperative atrial fibrillation 
rates. 
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Acute Valvular Regurgitation 


Acute, severe left-sided (aortic or mitral) valvular regurgitation causes sudden left ventricular 
volume overload. The initial cardiac response is increased heart rate to maintain forward cardiac 
output. Cardiac chamber size is generally preserved, with normal or hyperdynamic systolic 
function to accommodate the increased volume. When forward cardiac output cannot be 
maintained, heart failure, pulmonary edema, respiratory failure, and/or hemodynamic shock 
ensue. Patients are always symptomatic. 


Acute valvular regurgitation is a medical emergency, regardless of the cause. Afterload reduction 


and inotropic medications may initially help stabilize the patient by increasing forward flow but 
do not usually supplant urgent surgical intervention. 
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Acute Aortic Regurgitation 


The most common causes of acute aortic regurgitation are aortic dissection with retrograde 
propagation to the aortic valve and valve destruction from endocarditis. In acute aortic 
regurgitation, forward cardiac output is decreased and patients present with tachycardia and 
hemodynamic shock. During cardiac auscultation, the S2 may be soft owing to early closure of 
the mitral valve, and an S3 is often present. A low-pitched early diastolic murmur may be heard 
over the right sternal border. However, this may be difficult to discern if the patient is 
tachycardic or if the intensity of the murmur is lessened with sudden elevation in left ventricular 
diastolic pressure decreasing the relative pressure gradient across the aortic valve. Characteristic 
features of chronic aortic regurgitation (bounding peripheral pulses, widened pulse pressure) are 
less prominent because of a decrease in overall mean arterial pressure and inadequate time for 
compensatory changes in cardiac chamber size and function to augment forward stroke volume. 


If acute aortic regurgitation is suspected, transthoracic echocardiography is diagnostic. Once 
diagnosed, surgical valve repair or replacement should be performed expeditiously. If an aortic 
dissection is suspected, additional imaging with transesophageal echocardiography, CT, or MRI 
aids in determining whether concurrent aortic root replacement is needed. Intra-aortic balloon 
pump placement is contraindicated, as diastolic inflation exacerbates aortic regurgitation. 
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Acute Mitral Regurgitation 


Acute mitral regurgitation most commonly results from myxomatous mitral valve disease and 
chordal rupture; endocarditis with leaflet perforation, destruction, or malcoaptation; or papillary 
muscle dysfunction or rupture following myocardial infarction. Acute mitral regurgitation should 
be suspected in patients with myocardial infarction and acute respiratory failure. Heightened 
suspicion is critical, as these patients are often misdiagnosed with pneumonia or acute respiratory 
distress syndrome. Patients often do not present until several days after their infarct, once 
ischemic tissue becomes necrotic and rupture occurs. 


Clinical presentation for acute mitral regurgitation includes tachycardia, heart failure, and 
hemodynamic shock. On physical examination, peripheral pulses are weak and pulmonary 
edema is evident. An S; is often present. With significant pulmonary hypertension, the pulmonic 
component of S2 may be prominent. A parasternal systolic murmur is usually heard but may be 
diminished in hypotensive or tachycardic patients. 


Transthoracic echocardiography is diagnostic for severe mitral regurgitation and can aid in 
diagnosing etiology by identifying papillary muscle rupture, flail mitral valve leaflets, large 
vegetations, or valve perforation. Left ventricular systolic function may appear normal or 
hyperdynamic, as left ventricular ejection volume is directed anterograde through the aortic 
valve and concurrently into the low-pressured left atrium. 


Acute mitral regurgitation is a medical emergency. Although inotropic drugs, afterload-reducing 
drugs, and intra-aortic balloon pump support can provide temporary hemodynamic improvement 
in unstable patients, urgent surgical intervention is usually indicated. 
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Chronic Valvular Regurgitation 


Patients with mild or moderate left-sided valve regurgitation are usually asymptomatic and most 
do not progress to severe disease. In patients with severe regurgitation, compensatory changes in 
cardiac chamber size and function occur over time, allowing for maintenance of forward flow 
despite increased regurgitant stroke volume. Most patients eventually develop cardiopulmonary 
symptoms or a decline in exercise tolerance. Other, less common symptoms include arrhythmia 
and angina. Surgical intervention is indicated in all symptomatic patients with severe 
regurgitation (New York Heart Association functional class II-IV). 


Although most patients with significant regurgitation are symptomatic prior to ventricular 
enlargement or dysfunction, some remain asymptomatic. Enlarged ventricular chamber size and 
the extent and duration of systolic dysfunction are important predictors of subsequent adverse 
events. Therefore, periodic clinical evaluation is indicated to evaluate ventricular size and 
function and aid in optimal timing of surgery. Serial evaluation is usually performed with 
echocardiography, but radionuclide angiography or MRI may be used to assess left ventricular 
volume and function if echocardiography is equivocal or nondiagnostic. Frequency of evaluation 
depends on the severity of valve dysfunction, the rapidity of lesion progression, and the symptom 
status of the patient (see Table 29). 
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Chronic Aortic Regurgitation 


Chronic aortic regurgitation can result from annular dilation or primary leaflet dysfunction. 
Causes of primary leaflet dysfunction include bicuspid aortic valve, endocarditis, and leaflet 
prolapse. Aortic root enlargement due to various causes, such as Marfan syndrome, bicuspid 
aortic valve, and hypertension, can stretch the valve annulus, causing poor coaptation of the 
valve leaflets and regurgitation. The left ventricle dilates in response to the increased regurgitant 
volume, which allows maintenance of cardiac output. In this compensatory phase, patients may 
remain asymptomatic for a long time period. However, with eventual ventricular chamber 
enlargement or dysfunction due to the increased hemodynamic load, patients usually develop 
dyspnea, decreased exercise tolerance, and heart failure. 


Physical examination in patients with chronic severe aortic regurgitation shows a widened pulse 
pressure with bounding peripheral and carotid pulses. With ventricular enlargement, the point of 
maximal impulse may be diffuse and displaced laterally. Auscultatory findings include an early- 
to holodiastolic murmur along the left upper sternal border which is high pitched and may be 
better heard when the patient is at end-expiration, leaning forward. 


Valve replacement is indicated for symptomatic patients with severe aortic regurgitation, as the 
mortality rate in untreated patients exceeds 10% per year. In addition, long-term outcome is 
worse when regurgitant volume has had an adverse hemodynamic effect on ventricular size or 
function. Surgery is also indicated in some asymptomatic patients because approximately 15% of 
patients with significant regurgitation develop left ventricular dysfunction without symptoms 
(see Table 30). Concurrent aortic root replacement should be considered if the ascending aorta 
diameter exceeds 5 cm, or 4.5 cm in those with a bicuspid valve. 


In asymptomatic patients with chronic aortic regurgitation and normal left ventricular function, 
serial clinical evaluation to monitor for lesion progression is indicated. In these patients, oral 
afterload reduction with nifedipine or angiotensin-converting enzyme inhibitors to slow the rate 
of ventricular dilation by reducing regurgitant volume and improving forward stroke volume is 
controversial. Although a study of nearly 1000 patients found no change in symptom 
development or time to aortic valve replacement over 7 years with nifedipine or enalapril, 
several previous studies suggested that these agents helped delay the time to surgery. These 
medications are a reasonable choice for initial antihypertensive therapy in patients with aortic 
regurgitation, but surgical intervention should not be withheld if surgical criteria are met. 
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Chronic Mitral Regurgitation 


Primary causes of chronic mitral regurgitation include mitral valve prolapse and endocarditis. 
Functional, or secondary, regurgitation of otherwise anatomically normal mitral valve leaflets 
can occur with leaflet tethering or dilation of the mitral valve annulus and is usually a 
consequence of ischemic myocardial dysfunction or dilated cardiomyopathy. In chronic mitral 
regurgitation, ventricular systolic function is initially hyperdynamic. However, progressive 
regurgitant volume and increased hemodynamic cardiac load can lead to ventricular chamber 
enlargement or dysfunction. Most patients with severe mitral regurgitation develop 
cardiopulmonary symptoms before onset of systolic dysfunction. 


Physical examination findings of chronic mitral regurgitation in patients with hyperdynamic 
systolic function include a prominent apical impulse with normal pulse pressure. The murmur is 
usually holosystolic, heard best at the apex, and radiates laterally or posteriorly. In patients with 
mitral valve prolapse, the murmur may occur or be concentrated later in systole, once leaflet 
buckling leads to regurgitation. Physical examination findings in patients with left ventricular 
enlargement and systolic dysfunction include a laterally displaced apical impulse, an S3, and 
evidence of pulmonary hypertension (prominent pulmonary component of S2, increased jugular 
venous pressure, pulmonary congestion, and pedal edema). Echocardiography is integral to 
visualizing leaflet anatomy, assessing ventricular geometry, estimating pulmonary pressures, and 
predicting likelihood of valve repairability. 


Treatment strategies for chronic mitral regurgitation are dependent on the underlying cause of 
mitral valve dysfunction. When mitral regurgitation occurs in volume-overloaded states 
(secondary regurgitation), both pre- and afterload reduction benefit the poorly functioning 


ventricle by reducing ventricular size, mitral annular diameter, and functional regurgitation. 
Studies on the use of resynchronization therapy (biventricular pacing) for dilated 
cardiomyopathy have shown improvement in left ventricular geometry and a decrease in 
regurgitation. 


In patients with primary valve dysfunction and severe regurgitation, mitral valve replacement or 
repair is the treatment of choice. Mitral valve repair (annuloplasty) is preferred over valve 
replacement when possible because ventricular function is better preserved and long-term 
anticoagulation may be avoided. Although surgery is most commonly performed for primary 
mitral regurgitation, some symptomatic improvement in patients with secondary regurgitation 
refractory to medical therapy has been reported. 


Surgery is indicated in symptomatic patients (NYHA class II-IV). In asymptomatic patients, 
surgery is recommended once there is evidence of adverse hemodynamic effects on the ventricle. 
Compared with previous guidelines, these criteria now recommend intervention at a smaller 
ventricular size (end-systolic diameter criterion has changed from >45 mm to >40 mm); this 
change is based on improved long-term outcomes with earlier surgical intervention and increased 
clinical experience with mitral valve repair techniques over time. Some experienced centers 
advocate even earlier mitral valve repair, including for patients with normal ventricular size and 
function when regurgitation is severe and the likelihood of a successful repair exceeds 90%. 
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Mitral Valve Prolapse 


The prevalence of mitral valve prolapse in the United States is 2% to 3%, with approximately 
equal sex distribution. The mechanism of mitral valve prolapse is systolic buckling of the mitral 
valve leaflets into the left atrium. Mitral regurgitation occurs if there is faulty leaflet coaptation. 
Acute mitral regurgitation can also occur with chordal rupture. 


Auscultatory findings are a midsystolic click followed by a late apical systolic murmur. Physical 
maneuvers that transiently change cardiac loading conditions can alter timing and character of 
the murmur. Echocardiography reveals thickened and redundant leaflets with systolic bulging or 
motion into the left atrium, usually with associated mitral regurgitation. Chordae may also be 
involved, with thickening and redundancy contributing to poor leaflet coaptation. 


Serious complications of mitral valve prolapse can occur, including mitral regurgitation, 
endocarditis, and arrhythmia. Progressive mitral regurgitation is associated with heart failure, 
chordal rupture, arrhythmia, and sudden cardiac death. The benefit of pharmacologic therapy, 
such as afterload reduction or diuretics, is not well proven, and mitral regurgitation tends to 
worsen over time regardless of therapy. Therefore, early referral to a cardiologist to monitor for 
disease progression is indicated. 


Mitral valve prolapse syndrome is a constellation of nonspecific symptoms that cannot be 
attributed to valvular dysfunction. The syndrome is benign and thought to be secondary to 


autonomic dysfunction. Commonly described symptoms include palpitations, atypical chest pain, 
dyspnea, fatigue, orthostatic symptoms, and neuropsychiatric complaints. Conservative 
management of clinical symptoms is indicated. 
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Tricuspid Valve Disease 


Primary tricuspid valve disease, usually related to a congenital disorder, is rare. Acquired 
tricuspid valve dysfunction nearly always manifests as regurgitation. Tricuspid regurgitation 
most often is due to left-sided heart disease causing pulmonary hypertension, which leads to 
right ventricular enlargement and annular dilation. Primary pulmonary hypertension and elevated 
pulmonary pressures due to chronic lung disease also cause tricuspid regurgitation, with the term 
cor pulmonale describing right-sided heart failure owing to pulmonary hypertension in the 
absence of left-sided heart disease. Other causes of tricuspid regurgitation include endocarditis, 
injury following pacer lead placement, carcinoid disease, mediastinal irradiation, and trauma. 
Carcinoid disease causes direct toxicity to the tricuspid valve, seen as leaflet thickening and 
retraction. The combination of sympathomimetic appetite suppressants fenfluramine and 
dexfenfluramine has been associated with valvular regurgitation and pulmonary hypertension. A 
similar valvulopathy has been seen with pergolide, ergotamine, and methysergide. In mild or 
moderate tricuspid regurgitation, most patients are asymptomatic. In severe tricuspid 
regurgitation, increased central venous pressures can lead to dyspnea with ascites, hepatic 
dysfunction, and pedal edema. Echocardiography should be performed in patients with either 
symptoms or a murmur and prior exposure to any of these drugs. 


Severe tricuspid regurgitation from any cause is difficult to treat. Diuretics may aid in managing 
volume status in patients with significant pedal edema or ascites. Surgical tricuspid valve repair 


or replacement is usually attempted only if other cardiac surgery is planned. Bioprosthetic valves 
tend to be preferred over mechanical valves because of the lower risk of thromboembolism. 
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Diagnosis 


Endocarditis should be suspected if an abnormal murmur is heard on examination, particularly in 
patients with a compelling history or concurrent fever. Incidence is higher in patients with 
underlying valve abnormalities and prosthetic valves. Most cases of native valve endocarditis are 
caused by streptococcal and staphylococcal species. Less common pathogens causing culture- 
negative or slow-growing endocarditis include HACEK organisms (Haemophilus, Actinobacillus, 
Cardiobacterium, Eikenella, and Kingella), fungi, and mycobacteria. However, the most 
common reason for culture-negative or slow-growing cultures in endocarditis is antibiotic 
treatment prior to culture. 


Diagnostic criteria for endocarditis include bacteriologic evidence, clinical findings, and 
echocardiographic evidence of endocardial involvement such as valvular dysfunction, 
vegetation, or paravalvular abscess (Table 31). Transthoracic echocardiography has a sensitivity 
of 50% to 80% for detecting vegetations. Transesophageal echocardiography increases 
sensitivity and specificity to approximately 95% and better delineates native valvular anatomy. 
Transesophageal echocardiography is the test of choice to identify a paravalvular abscess. 


Persons with known native valve disease, long-term indwelling intravascular access catheters, or 
permanent devices (prosthetic valves, pacemakers, defibrillators) who present with fever should 
have blood cultures obtained prior to starting antibiotics. If bacteremia is diagnosed in a patient 
with a device, early notification of the specialty care provider (for example, an 
electrophysiologist) is indicated in case the device will need to be removed. 


Table 31. Clinical Criteria for the Diagnosis of Endocarditis 


Definite Endocarditis 
2 major criteria or 
1 major and 3 minor criteria or 
5 minor criteria 
Major Criteria Minor Criteria 


Persistently positive blood cultures of organisms Predisposing condition or injection drug use 
typical for endocarditis* 


New valvular regurgitation Fever 

Positive echocardiogram Embolic vascular phenomena 
Immunologic phenomena (eg, 
glomerulonephritis, rheumatoid factor) 
Positive blood cultures not meeting major 
criteria 


“Or a single positive culture for Coxiella burnetii or IgG antibody titer >1:800. 


Information from Li JS, Sexton DJ, Mick N, et al. Proposed modifications to the Duke criteria 
for the diagnosis of infective endocarditis. Clin Infect Dis. 2000;30(4):633-638. [PMID: 
10770721] 
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Management 


Antibiotic therapy is guided by the causative organism (see MKSAP 15 Infectious Disease). 
Emergent valve repair or replacement surgery is indicated in patients with hemodynamic 
instability and should not be delayed until after the acute infection has resolved. However, 
surgery may be reconsidered if there are severe complications with remote prospect of recovery, 
such as severe embolic cerebral damage. Up to 50% of endocarditis patients eventually require 
surgery. Factors favoring earlier surgical intervention include valve destruction, paravalvular 
abscess, heart block, resistant infections, fungal endocarditis, larger vegetations, and recurrent 
septic embolic disease. Valve repair is preferred over replacement to reduce the risk of prosthetic 
infection. All complications of endocarditis occur with higher frequency and are more difficult to 
treat with prosthetic valves. 
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Prophylaxis 


Previous guidelines recommended prophylaxis to various patients with cardiac abnormalities 
undergoing certain dental, gastrointestinal, or genitourinary procedures. Guidelines were 
published in 2007 that reflect a dramatic shift in prophylaxis recommendations (Table 32). 
Endocarditis is now thought more likely to result from frequent exposure to random bacteremia 
rather than standard dental, gastrointestinal, or genitourinary procedures, and therefore 
prophylaxis is no longer recommended for most native valve disease. Also, it is not clear that 
prophylaxis is effective for prevention of endocarditis, and prophylaxis exposes patients to the 
risks of antibiotic therapy. Prophylaxis regimen options are provided in MKSAP 15 Infectious 
Disease. 


Table 32. Patients Requiring Bacterial Endocarditis 
Prophylaxis for Dental Procedures 


Patients with: 
Prosthetic heart valves or valve repair with prosthetic material 
Prior endocarditis 
Congenital heart disease 
Unrepaired cyanotic congenital heart disease 
Palliative shunts and conduits 
Prosthetic valve 
Repair with prosthetic material or device for the first 6 months after 


intervention 
Valve disease in heart transplant recipients 


Recommendations based on Wilson W, Taubert KA, Gewitz M, et al; American Heart 
Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee; American Heart 
Association Council on Cardiovascular Disease in the Young; American Heart Association 
Council on Clinical Cardiology; American Heart Association Council on Cardiovascular Surgery 
and Anesthesia; Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Prevention of infective endocarditis: guidelines from the American Heart Association: a 
guideline from the American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki 
Disease Committee, Council on Cardiovascular Disease in the Young, and the Council on 
Clinical Cardiology, Council on Cardiovascular Surgery and Anesthesia, and the Quality of Care 
and Outcomes Research Interdisciplinary Working Group [erratum in Circulation. 
2007;116(15):e376-e377.]. Circulation 2007;116(15):1736-1754. [PMID: 17446442] 
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Prosthetic Valves 


Mechanical prosthetic valves require continuous anticoagulation to reduce valve thrombosis. 
Advances in valve design have resulted in improved hemodynamic flow profiles and reduced 
blood stasis over prosthetic valve occluders. As a result, recommended INR values are lower 
than previous recommendations. For low-risk patients, those with a mechanical aortic valve with 
no other risk factors, the INR goal is 2.0 to 3.0. In high-risk patients, those with a mechanical 
mitral valve or aortic valve plus an additional risk factor (atrial fibrillation, left ventricular 
dysfunction, previous thromboembolism, or hypercoagulable condition), an INR of 2.5 to 3.5 is 
recommended. The addition of low-dose aspirin (81 mg/d) to warfarin further decreases risk of 
thromboembolism and is recommended in all patients with prosthetic heart valves. 


Bioprosthetic valves consist of biologic material mounted on struts and a sewing ring. Valve 
thrombosis is much lower for bioprosthetic valves (<1%), and continuous life-long 
anticoagulation is not recommended. However, warfarin with an INR goal of 2.0 to 3.0 is 
recommended for bioprosthetic valves in the mitral position for the first 3 postoperative months 
to allow complete endothelialization of the new valve. 


Bioprosthetic valves are less durable than mechanical valves because of the progressive 
degenerative calcification of the biologic material. In the first generation of bioprosthetic valves, 
only about 50% of aortic and 30% of mitral prostheses were still working after 15 years. 
Although newer valves are more durable and have larger valve areas and improved 
hemodynamics, they are still prone to progressive calcific degeneration. Paradoxically, leaflet 
degeneration is increased in patients who are younger at the time of implantation. 


Valve choice depends on valve characteristics, patient characteristics, and preference. 
Mechanical valves tend to be implanted in younger patients, but require lifelong anticoagulation. 
In patients older than 65 years, bioprosthetic valves are recommended for aortic valve disease 
because anticoagulation can be avoided and valve degeneration is less likely in this age group. 
Mechanical valves typically are used in the mitral position because of concurrent atrial 
fibrillation and durability issues, unless there are contraindications to warfarin anticoagulation or 
in very elderly patients. For both valve types, prosthetic valve endocarditis is a serious potential 
complication, responsible for approximately 20% of endocarditis cases. The risk of prosthetic 
valve endocarditis is higher with mechanical prostheses during the first 3 months following valve 
replacement; by 5 years, however, the rate of long-term infection is comparable at approximately 
6%. Endocarditis prophylaxis is required for all patients with prosthetic valves undergoing 
certain dental, gastrointestinal, or genitourinary procedures. 


All patients with a prosthetic valve should have an echocardiogram performed 2 to 3 months 
after surgery to establish baseline values. Common complications of prosthetic valves include 
structural valve deterioration, valve thrombosis, embolism, bleeding, and endocarditis. In the 
immediate postoperative period, valve dehiscence or dysfunction should be suspected in patients 
who develop acute heart failure. 


Prosthetic valve dysfunction should be suspected in patients with new cardiac symptoms, 
embolic phenomena, hemolytic anemia, or new murmurs. If valve dysfunction is suspected, 
transesophageal echocardiography is the diagnostic procedure of choice, but findings may be 
somewhat limited by acoustic shadowing and reverberations from prosthetic material. 
Thromboembolic events in patients with prosthetic valves should always be assumed to be due to 
the valve prosthesis unless there is compelling evidence for another cause. Emergency surgery is 
recommended for patients with mechanical valves who develop left-sided valve thrombosis with 
heart failure, valve dysfunction, or a large clot burden. With a large clot burden, fibrinolytic 
therapy is associated with a 15% risk of major cerebral emboli and is unlikely to be effective. 
However, fibrinolytic therapy may be considered in hemodynamically stable patients with a 
small clot burden or with right-sided valve thrombosis. 
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Adult Congenital Heart Disease 


Epidemiology 
Newly Diagnosed Congenital Heart Disease in Adults 


Previously Operated Congenital Heart Disease 
Adults with Cyanotic Congenital Heart Disease 


Key Points 


Atrial septal defect should be considered in all patients presenting with new-onset atrial 
arrhythmias. 


e Paradoxical embolism is a risk for all patients with an atrial septal defect regardless of the 
size of the defect. 

e The characteristic physical examination findings in atrial septal defect are fixed splitting 
of the Sz and the absence of sinus arrhythmia. 

e An atrial septal defect should be closed if there is evidence of volume overload of right- 
sided cardiac chambers or symptoms related to the defect. 

e Most patients with a patent foramen ovale are asymptomatic. 

e Patent foramen ovale closure may be considered for patients with recurrent cryptogenic 
stroke despite medical therapy. 

e Most ventricular septal defects in adults are small membranous defects that cause a loud 
murmur with little flow and do not require closure. 

e Ventricular septal defect closure is recommended in adults with progressive aortic or 
tricuspid valve regurgitation, progressive left ventricular volume overload, and, 
occasionally, recurrent endocarditis. 

e Patients with aortic coarctation present with hypertension in the upper extremities and 
reduced blood pressure in the lower extremities, resulting in a radial-to-femoral artery 
delay in pulse appearance. 

e Auscultatory findings in aortic coarctation include a systolic murmur and an S4. 

e Surgical or percutaneous treatment of aortic coarctation is usually recommended when 
the systolic gradient across the coarctation is above 30 mm Hg. 

e Adults with a moderate left-to-right shunt related to a patent ductus arteriosus may 
present with left-sided cardiac chamber enlargement and symptoms of heart failure. 

e An adult patient with previously unrecognized patent ductus arteriosus may present with 
cyanosis and clubbing affecting the feet more than the hands. 

e The treatment of choice for valvular pulmonary stenosis is pulmonary balloon 
valvuloplasty. 

e Lifelong cardiac surveillance is needed in patients who have undergone pulmonary 
valvotomy or replacement. 

e Most patients with cyanotic congenital heart disease have compensated erythrocytosis 
with stable hemoglobin levels that require no intervention. 

e In patients with cyanotic congenital heart disease who have hyperviscosity, dehydration 
should be excluded before considering phlebotomy. 

e Treatment options for symptomatic Eisenmenger syndrome patients include pulmonary 
vasodilator therapy and lung or heart-lung transplantation. 
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Epidemiology 


It is estimated that more than 85% of infants born with congenital heart disease in North America 
now reach adulthood, and there are now more adults living with congenital heart disease than 
children. Adults with a history of congenital cardiac surgery and those with newly diagnosed 
congenital heart disease require regular specialized cardiovascular care and informed follow-up. 
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Atrial Septal Defect 
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Pathophysiology and Genetics 


Atrial septal defect, a communication between the atria that persists after birth, may not be 
diagnosed until adulthood. Atrial septal defects are classified according to their location in the 
atrial septum (Figure 25). An ostium secundum atrial septal defect, located in the midportion of 
the atrial septum, is the most common type of atrial septal defect, accounting for 75% of cases 
and usually occurring as an isolated congenital cardiac abnormality. The volume load imposed 
by the left-to-right shunt through the defect causes right-sided chamber dilatation. An ostium 
primum atrial septal defect is located in the lowest portion of the atrial septum. These defects are 
usually associated with a cleft in the anterior mitral or tricuspid valve leaflets (leading to valve 
regurgitation) and with a ventricular septal defect or aneurysm of the membranous ventricular 
septum. A sinus venosus atrial septal defect is located at the uppermost portion of the atrial 
septum and is usually associated with one or more anomalous right-sided pulmonary veins 
connecting to the right atrium or superior vena cava. Inferior vena caval and unroofed coronary 
sinus atrial septal defects are both very rare. 


The risk of a woman with a sporadic atrial septal defect transmitting a defect to her offspring is 
estimated at 8% to 10%. Genetic syndromes with skeletal abnormalities associated with atrial 
septal defect include various heart-hand syndromes, of which Holt-Oram syndrome is best 
known. Both ostium secundum and ostium primum atrial septal defects are associated with 
Down syndrome. Familial occurrence of ostium secundum atrial septal defects is recognized, and 


a defect has been localized to chromosome 5 in some kindreds. Familial atrial septal defect with 
a conduction defect is an autosomal dominant trait. Because of the possibility of familial 
occurrence, a family history should be taken in patients with atrial septal defect, and 
echocardiographic screening of relatives may be indicated. 


Figure 25. Atrial Septal Defects. 


Positions of various atrial septal defects viewed from the right side of the heart. 


PT = pulmonary trunk; RV = right ventricle; 1 = ostium secundum; 2 = ostium primum; 3 = 
sinus venosus; 4 = inferior vena cava. 


Redrawn from original supplied courtesy of Dr. William D. Edwards, Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, MN. 


PreviousNext 


Clinical Presentation 


Adults with unrepaired atrial septal defects may be asymptomatic or may present with symptoms 
related to excess pulmonary blood flow, including fatigue, dyspnea, palpitations, or right-sided 
heart failure. Atrial arrhythmias, including atrial fibrillation or flutter and sick sinus syndrome, 
are a common presentation and are caused by long-standing right heart volume and pressure 
overload. Paradoxical embolism, from peripheral venous or pelvic vein thromboses, unfiltered 
intravenous infusions, or indwelling venous catheters or pacemakers, is a risk for patients with 
any atrial septal defect regardless of size. Pulmonary artery hypertension may develop in up to 
5% to 10% of persons with atrial septal defect and predominantly affects females. 


The characteristic physical examination findings in atrial septal defect are fixed splitting of the 
S2 and a right ventricular heave. A pulmonary midsystolic flow murmur and a tricuspid diastolic 
flow rumble caused by increased flow through the right-sided valves from a large left-to-right 
shunt may be heard. The jugular venous pressure may be normal, or a and v waves may be equal. 
Typically, there is absence of sinus arrhythmia (the normal cyclic increase in heart rate with 
inspiration and decrease with expiration) because sinus arrhythmia depends on separation of the 
systemic and pulmonary venous return to the heart as well as on normal autonomic control 
mechanisms. 
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Diagnostic Evaluation 


Transthoracic echocardiography is the diagnostic test of choice for atrial septal defects and 
allows assessment of the defect location and size as well as associated cardiac manifestations 
such as right heart size, function, and pulmonary pressures. Transesophageal echocardiography is 
recommended to confirm the diagnosis when transthoracic imaging is suboptimal or when 
associated abnormalities are suspected; it is often required to confirm the diagnosis in sinus 
venosus atrial septal defect. Cardiac magnetic resonance (CMR) imaging provides direct 
visualization of the atrial septal defect and pulmonary veins but is rarely required when 
echocardiography is diagnostic. It should be considered primarily in the evaluation of a patient 
with a suspected anomalous pulmonary venous connection as an alternative to transesophageal 
echocardiography. In addition, CMR imaging allows quantification of right ventricular volume 
and function as well as shunt size. 


In ostium secundum atrial septal defect, the electrocardiogram demonstrates right axis deviation 
and incomplete right bundle branch block. The electrocardiogram in ostium primum atrial septal 
defect characteristically demonstrates first-degree atrioventricular block, left axis deviation, and 
right bundle branch block. Left atrial enlargement may result from mitral valve regurgitation 
from the cleft. 


The chest radiograph is noteworthy for right atrial and right ventricular enlargement, a prominent 
pulmonary artery, and increased pulmonary markings in both lung fields. Left atrial enlargement 
generally does not occur in ostium secundum atrial septal defect in the absence of atrial 
fibrillation. Diagnostic cardiac catheterization is rarely required unless there are concerns about 
pulmonary artery hypertension or coronary artery disease that may influence intervention. 
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Treatment 


Treatment of an atrial septal defect depends on size, location, and hemodynamic impact of the 
defect; available treatments; comorbidities; and patient status and preferences. Small atrial septal 
defects (<5 mm) with no evidence of right ventricular volume overload may not require closure 
unless associated with paradoxical embolism. Atrial septal defects with evidence of right 
ventricular volume overload on echocardiography usually only cause symptoms after the second 
or third decade of life. Closure is indicated to reduce or prevent long-term complications such as 
atrial arrhythmias, exercise intolerance, paradoxical embolism, right-sided heart failure, and 
irreversible pulmonary hypertension. Even in adults, closure of large defects improves survival 
and relieves symptoms. The rate of late atrial fibrillation after atrial septal defect closure 
increases with age at the time of intervention; more than half of patients who are older than 40 
years when closure is performed develop late atrial arrhythmias. 


Ostium secundum atrial septal defect with associated significant right-to-left shunt and no 
pulmonary hypertension is usually treated by percutaneous device closure. Follow-up data for 
this treatment are still limited, but a multicenter study with a 12-month follow-up showed that 
percutaneous device closure is safe, with similar adverse event rates and shorter hospital stays 
compared with surgical closure. Ostium primum, sinus venosus, and caval types of atrial septal 
defects require surgical closure by experienced cardiac surgeons. 


Aspirin is recommended for 6 months after device closure of an atrial septal defect. Endocarditis 
prophylaxis is recommended for 6 months after device or prosthetic surgical closure of an atrial 
septal defect. 
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Patent Foramen Ovale 


Before birth, the foramen ovale allows transfer of oxygenated placental blood to the fetal 
systemic circulation. This communication usually closes after birth, but in 25% to 30% of the 
population, a potential pathway remains patent (Figure 26). Patent foramen ovale may be 
incidentally found by echocardiography or suspected in a young patient with cryptogenic stroke. 


Transesophageal echocardiography is the test of choice to detect a patent foramen ovale. 
Agitated saline is injected into a peripheral intravenous catheter to demonstrate the right-to-left 
intracardiac shunt, which is often enhanced by the Valsalva maneuver. 


Most patients with a patent foramen ovale are asymptomatic. However, there is an increased 
prevalence of patent foramen ovale in patients with cryptogenic stroke, which may be related to a 
paradoxical embolism through the patent foramen ovale. Cryptogenic stroke is more frequent in 
patients with a patent foramen ovale associated with an atrial septal aneurysm than with patent 
foramen ovale alone. Current guidelines note that insufficient data exist to make a 
recommendation regarding closure for secondary stroke prevention after a first stroke. Closure 
may be considered, however, for patients with recurrent cryptogenic stroke despite medical 
therapy. 


Patent foramen ovale may be related to cyanosis in the setting of tricuspid valve regurgitation, 


right-sided heart failure, pulmonary artery hypertension, decompression sickness in divers, and 
orthodeoxia-platypnea (postural dyspnea and cyanosis). Closure may be suggested in such cases. 
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Figure 26. Patent Foramen Ovale. 


The arrow on the right panel demonstrates the mechanism of right-to-left shunt through the 
patent foramen ovale. 


LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle. 


Redrawn from original supplied courtesy of Dr. William D. Edwards, Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, MN. 
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Patent Foramen Ovale and Migraine 


Several observational studies demonstrate an association between patent foramen ovale and 
migraine headaches; however, evidence to support a causal link is insufficient. Although the 
results of uncontrolled observational studies suggest that patent foramen ovale closure may have 
a beneficial effect on migraine frequency, a large randomized trial failed to support this 
conclusion. Therefore, patent foramen ovale closure should not be performed for the prophylaxis 
of migraine. 
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Pathophysiology 


Ventricular septal defects may be subdivided into four anatomic types according to their location 
on the ventricular septum (Figure 27). Perimembranous ventricular septal defects are the most 
common, accounting for approximately 80% of defects in adults. They are located in the 
membranous portion of the ventricular septum adjacent to the aortic valve and the septal leaflet 
of the tricuspid valve. The leaflet may adhere to the defect, forming a pouch or “aneurysm” of 
the ventricular septum. This pouch limits left-to-right shunting and can result in partial or 
complete closure of the defect. Subpulmonary or outlet ventricular septal defects account for 
approximately 6% of defects in non-Asian populations, but up to 33% in Asian patients. 
Spontaneous closure of this type of ventricular septal defect is uncommon. Muscular ventricular 
septal defects can occur in any part of the ventricular septum and can be multiple. Spontaneous 
closure is common, and although these defects account for up to 20% of ventricular septal 
defects in infants, the incidence is much lower in adults. Inlet ventricular septal defects occur in 
the superior posterior portion of the ventricular septum, adjacent to the tricuspid valve. These 
defects are rare in adults, but do occur in patients with Down syndrome and as part of the 
atrioventricular septal defect complex. 


Figure 27. Ventricular Septal Defects. 
Positions of various ventricular septal defects viewed from the left side of the heart. 
Ao = aorta; LA = left atrium; 1 = perimembranous; 2 = subpulmonary; 3 = muscular; 4 = inlet. 


Redrawn from original supplied courtesy of Dr. William D. Edwards, Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, MN. 


PreviousNext 


Clinical Presentation 


Patients with small ventricular septal defects have small left-to-right shunts and present with 
systolic murmurs. These patients have no left ventricular volume overload and no pulmonary 
artery hypertension. The small ventricular septal defect causes a loud holosystolic murmur that is 
sometimes palpable and obliterates the S2. The murmur is most commonly located at the left 
lower sternal border. 


Patients with moderate-sized ventricular septal defects and small to moderate left-to-right shunts 
will develop left ventricular volume overload and pulmonary artery hypertension. They may 
remain asymptomatic for many years or develop symptoms of mild heart failure. A moderate- 
sized ventricular septal defect with volume overload causes a displaced left ventricular impulse 
and a systolic murmur. The duration and quality of the systolic murmur depend on the pressure 
gradient between the left and right ventricle. When the ventricular septal defect is small and the 
right ventricular pressure is low, the murmur is holosystolic. As the patient develops pulmonary 
artery hypertension, the murmur becomes an early peaking, short systolic murmur. A mitral 
diastolic rumble occurs in patients with a moderate or large shunt and is related to increased flow 
across the mitral valve. 


Large ventricular septal defects are usually detected in childhood because of a murmur or the 
presence of heart failure. Without closure early in life, large ventricular septal defects cause 
pulmonary artery hypertension with irreversible pulmonary vascular disease and eventual 
reversal of the shunt from a left-to-right shunt to a right-to-left shunt (Eisenmenger syndrome). 
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Diagnostic Evaluation 


In most patients with a small ventricular septal defect, the electrocardiogram is normal. In 
patients with significant pulmonary artery hypertension, right ventricular hypertrophy will be 
evident on the electrocardiogram. 


Chest radiograph in patients with a small ventricular septal defect is typically normal. The 
presence of a significant left-to-right shunt will create the appearance of left atrial and left 
ventricular enlargement. In patients with severe pulmonary artery hypertension, the chest 
radiograph demonstrates a prominent pulmonary artery segment and diminished peripheral 
pulmonary vascular markings. 


Transthoracic echocardiography is the primary diagnostic technique in patients with a known or 
suspected ventricular septal defect. Echocardiography allows identification of the number and 
location of defects; assessment of chamber sizes, ventricular function, presence or absence of 
aortic valve prolapse or regurgitation, and presence or absence of tricuspid regurgitation; and 
estimation of pulmonary pressures. MRI may be useful to confirm the anatomy of unusual 
ventricular septal defects, such as inlet or apical defects not well seen by echocardiography. 
Cardiac catheterization is performed in select patients to delineate hemodynamics and the degree 
of pulmonary hypertension; this is particularly important to help determine the advisability of 
operation in a patient with a moderate ventricular septal defect. 
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Treatment 


Children and adults with isolated small ventricular septal defects rarely require closure. Closure 
of the defect is recommended in adults with progressive aortic or tricuspid valve regurgitation, 
progressive left ventricular volume overload, and, occasionally, recurrent endocarditis. 
Percutaneous device closure is possible in select ventricular septal defects. 
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Clinical Presentation 


Aortic coarctation is a narrowing of the aorta that is usually located just beyond the left 
subclavian artery. It is usually diagnosed in childhood by the association of a systolic murmur 
with systemic hypertension and reduced femoral pulse amplitude. More than 50% of patients 
with aortic coarctation also have a bicuspid aortic valve. Aortic coarctation may be associated 
with Turner syndrome, a chromosomal abnormality (45,X) characterized by a female with short 
stature, a broad chest, wide-spaced nipples, webbed neck, and cardiac defects. 


Hypertension in the upper extremities with reduced blood pressure in the lower extremities is 
present, resulting in a radial-to-femoral artery delay in pulse appearance. A systolic murmur is 
common. When coarctation is severe, the murmur may be continuous and a murmur from 
collateral intercostal vessels may also be audible and palpable. An ejection click and aortic 
systolic murmur suggest the presence of a bicuspid aortic valve. An S4 is common. In the 
presence of dilated collateral vessels, femoral pulses and the measured systolic gradients may not 
correlate with the degree of coarctation. 
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Diagnostic Evaluation 


The electrocardiogram in aortic coarctation demonstrates left ventricular hypertrophy. When 
aortic coarctation is severe, the intercostal arteries (usually of ribs 4-8) dilate to accommodate 
blood flow, bypassing the area of obstruction. This may cause the characteristic radiographic 
sign of “rib notching.” Another radiographic finding is an indentation at the coarctation site 
resulting in the “figure 3 sign,” caused by dilatation of the aorta above and below the area of 
coarctation (Figure 28). A prominent curvilinear shadow along the mid-right sternal border may 
be present from a dilated ascending aorta. 


Echocardiography is often the initial diagnostic test and confirms the presence of coarctation and 
associated features such as a bicuspid aortic valve. CMR imaging and CT clearly delineate the 
location and severity of coarctation, the presence of collateral vessels, and the status of the 
ascending aorta. These techniques are the preferred means of imaging the aorta in coarctation. 
Diagnostic cardiac catheterization is mainly justified when associated coronary artery disease is 
suspected and a catheter-based intervention is to be performed. 


Figure 28. Figure 3 Sign. 


Chest radiograph of a patient with aortic coarctation exhibiting the “figure 3 sign,” caused by 
dilatation of the aorta above and below the area of coarctation (arrow). 
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Treatment 


In persons with aortic coarctation who do not have surgery, survival averages 35 years of age 
with 75% mortality by 46 years of age. Systemic hypertension, accelerated coronary artery 
disease, stroke, aortic dissection, and heart failure are common complications in patients who do 
not have surgery or who have surgery as adults. 


Coarctation intervention is usually recommended when the systolic gradient across the 
coarctation is above 30 mm Hg. Surgical treatment is the treatment of choice for primary 
coarctation. Percutaneous intervention with balloon and stent dilatation is increasingly performed 
for both native coarctation and recoarctation. 
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Clinical Presentation 


The arterial duct connects the aorta and pulmonary artery in fetal life. Persistence of the ductus 
arteriosus after birth is associated with maternal rubella and prematurity. 


A tiny patent ductus arteriosus may be inaudible and does not require intervention. A small 
patent ductus arteriosus in the adult produces an arteriovenous fistula with a continuous murmur 
that envelopes the S% and is characteristically heard beneath the left clavicle. Patients with a 
moderate-sized patent ductus arteriosus may present with symptoms of heart failure, a 
continuous “machinery-type” murmur best heard at the left infraclavicular area, and bounding 
pulses with a wide pulse pressure. 


Adults may present with pulmonary artery hypertension due to a previously unrecognized patent 


ductus arteriosus. A clinical clue to the diagnosis is cyanosis and clubbing affecting the feet more 
than the hands, which result from desaturated blood reaching the lower body. 
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Diagnostic Evaluation 


The electrocardiogram may be normal if the patent ductus arteriosus is small. If there is a 
moderate left-to-right shunt, the electrocardiogram may show left atrial enlargement and left 


ventricular hypertrophy. Biventricular hypertrophy may be present if there is associated 
pulmonary artery hypertension. 


With a moderate-sized patent ductus arteriosus, the chest radiograph may show cardiomegaly, 
increased pulmonary vascular markings, prominent proximal pulmonary arteries indicating 
elevated pulmonary artery pressure, and an enlarged left atrium and left ventricle. Calcification 
may be noted in the region of the ductus. 


Color Doppler echocardiography is usually diagnostic of a patent ductus arteriosus. However, in 
patients with significant pulmonary artery hypertension, it may be difficult to see the patent 
ductus by echocardiography. Cardiac catheterization and angiography may be indicated in these 
patients to evaluate the degree of shunting, the pulmonary vascular resistance, and the reactivity 
of the vascular bed. In addition, angiography can determine the size and shape of the ductus. 
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Treatment 


If the size and shape of the patent ductus arteriosus are suitable, it can be closed percutaneously. 
Transcatheter closure of a small patent ductus arteriosus should be considered in patients with a 
past episode of endarteritis. In the absence of symptoms or complications, observation is 
recommended. 


For a moderate-sized patent ductus arteriosus with left heart enlargement and no pulmonary 
artery hypertension, percutaneous device closure is recommended to avoid progressive heart 
failure. Patent ductus arteriosus closure should be avoided in patients with irreversible 
pulmonary artery hypertension, which is confirmed by cardiac catheterization. 
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Clinical Presentation 


Valvular pulmonary stenosis is usually an isolated congenital abnormality and causes obstruction 
to the right ventricular outflow. It may be associated with Noonan syndrome, an autosomal 


dominant disorder characterized by short stature, intellectual impairment, unique facial features, 
neck webbing, and congenital heart disease. Severe valvular obstruction may be tolerated for 
many years before development of symptoms. 


In severe pulmonary stenosis, the jugular venous pressure demonstrates a prominent a wave. A 
right ventricular lift is common. An ejection click is common, and increased proximity of the 
click to S; suggests increasing severity of the stenosis. Eventually, the click is lost as the valve 
loses pliability. A systolic murmur is present, with the pulmonic component of the Sz delayed. 
With severe valvular pulmonary stenosis, the pulmonic component of the S2 disappears, and a 
right ventricular S4 may be present. 
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Diagnostic Evaluation 


In severe pulmonary stenosis, right ventricular hypertrophy, right axis deviation, and right atrial 
enlargement are noted on the electrocardiogram. The heart size on chest radiograph is usually 
normal, and dilatation of the main pulmonary artery is common. Calcification of the valve is 
seen infrequently. 


Echocardiography with Doppler evaluation confirms the diagnosis and determines the severity of 
pulmonary stenosis and the degree of right ventricular hypertrophy. Intervention is recommended 
when the peak systolic gradient is greater than 50 mm Hg, when right ventricular hypertrophy is 
present, or when the patient is symptomatic. 
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Treatment 


The treatment of choice for pulmonary stenosis is pulmonary balloon valvuloplasty. In the past, 
surgical pulmonary valvotomy was performed. Despite near-normal life expectancy, patients 
with pulmonary stenosis and previous surgical valvotomy or balloon intervention have an 
increased risk of cardiovascular events. Long-standing pulmonary regurgitation eventually 
causes enlargement of the cardiac chambers on the right side, dilation of the tricuspid annulus 
with progressive tricuspid regurgitation, and both atrial and ventricular arrhythmias. Pulmonary 
valve replacement after pulmonary valvotomy is often required during follow-up, emphasizing 
the need for lifelong cardiac surveillance. 
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Previously Operated Congenital Heart Disease 


e Postoperative or Postintervention Atrial Septal Defect 


e Postoperative Ventricular Septal Defect 
e Postoperative Aortic Coarctation 


e Tetralogy of Fallot 
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Postoperative or Postintervention Atrial Septal Defect 


Patients with surgically or device-treated atrial septal defect should have periodic cardiovascular 
reevaluation. The most common cause of morbidity in these patients is atrial fibrillation, the rate 
of which directly increases with age at intervention. Rare complications that have been reported 

after device closure of an atrial septal defect include device dislocation, arrhythmias, pericardial 

effusion, aortic erosion, and sudden death. 
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Postoperative Ventricular Septal Defect 


Although most patients with previous surgical ventricular septal defect closure have an 
uncomplicated course, periodic cardiovascular evaluation is necessary. Complications following 
repair include residual or recurrent ventricular septal defect, left ventricular dysfunction, 
infective endocarditis, pulmonary hypertension, aortic or tricuspid regurgitation, heart block, and 
atrial or ventricular arrhythmias. The need for reoperation for a residual ventricular septal defect 
is uncommon. Late reoperation is occasionally required for progressive tricuspid or aortic 
regurgitation. 
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Postoperative Aortic Coarctation 


Patients with repaired coarctation of the aorta have an increased risk for persistent or recurrent 
hypertension (occurring in 50%-75% of patients), coronary artery disease, recoarctation, aortic 
aneurysm formation or dissection, and endocarditis, even after successful repair. Age at the time 
of initial repair is the most important predictor of long-term survival. Patients with a bicuspid 
aortic valve require lifelong follow-up. 


Reoperation is often required in patients with a history of coarctation. The most common reasons 
for reoperation include aortic valve disease, mitral valve disease, recoarctation, ascending or 
descending aortic aneurysm, and coronary artery disease. Long-standing hypertension causing 
abnormal left ventricular diastolic function increases the risk of late atrial arrhythmias and 
associated morbidity. All patients who undergo either interventional catheterization or surgical 


repair of coarctation should have close follow-up and aggressive management of risk factors for 
cardiovascular disease. 
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Tetralogy of Fallot 


The anatomic features of tetralogy of Fallot include a large subaortic ventricular septal defect 
and obstruction to pulmonary outflow at the infundibular or pulmonary valve level. Secondary 
features include right ventricular hypertrophy and the aorta overriding the ventricular septal 
defect (Figure 29). Tetralogy of Fallot is the most common form of cyanotic congenital heart 
disease, and unoperated adults are rarely seen. 


Chest radiographic features of tetralogy of Fallot include right ventricular enlargement, small 
pulmonary arteries, and reduced pulmonary blood flow; 25% of patients also have a right aortic 
arch. The electrocardiogram demonstrates right ventricular hypertrophy, right axis deviation, and 
tall peaked P waves. After repair, right bundle branch block is universally present. The diagnosis 
of tetralogy of Fallot suspected clinically is confirmed by echocardiography. Cardiac 
catheterization may be required to evaluate the anatomy of the pulmonary and coronary arteries. 


Patients with tetralogy of Fallot have an increased risk of fetal loss, and their offspring are more 
likely to have congenital anomalies than offspring in the general population. Approximately 15% 
of patients with tetralogy of Fallot have chromosome 22q11.2 microdeletion; screening for the 
microdeletion should be considered in patients with tetralogy of Fallot, pulmonary artery atresia, 
or truncus arteriosus (conotruncal abnormalities) prior to pregnancy in order to provide 
appropriate genetic counseling. In patients with tetralogy of Fallot who have the 22q11.2 
deletion, the risk of a child having the microdeletion and congenital heart disease is 
approximately 50%; the risk in children born to a parent with tetralogy of Fallot without the 
22q11.2 microdeletion is 4% to 6%. 


Successful surgical repair for tetralogy of Fallot results in the loss of cyanosis and dramatic 
improvement in functional status. The late survival after repair is excellent, with a 35-year 
survival of approximately 85%. Residual problems after surgical repair however, do occur, the 
most common of which is pulmonary valve regurgitation, which results from the transannular 
patch repair performed for relief of right ventricular outflow tract obstruction. Longstanding 
pulmonary regurgitation causes right-sided cardiac chamber enlargement, progressive tricuspid 
regurgitation from annular dilatation, and atrial and ventricular arrhythmias. Residual right 
ventricular outflow tract obstruction, pulmonary artery stenosis, or ventricular septal defect may 
also occur after tetralogy of Fallot repair. Additional concerns include right or left ventricular 
systolic and diastolic dysfunction and sudden death due to ventricular arrhythmias. Continued 
close follow-up is required after surgical intervention for tetralogy of Fallot, and re-intervention 
is commonly required. 


Figure 29. Tetralogy of Fallot. 


A subarterial ventricular septal defect (asterisk) and pulmonary stenosis (arrow) are associated 
with secondary aortic override and right ventricular hypertrophy. 


Ao = aorta; LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle. 


Redrawn from original supplied courtesy of Dr. William D. Edwards, Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, MN. 
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General Management 


Patients with cyanotic congenital heart disease should be evaluated by an adult congenital 
cardiac specialist annually. Right-to-left intracardiac or extracardiac shunts result in hypoxemia, 
erythrocytosis, and cyanosis. The increase in erythrocyte mass that accompanies cyanosis is a 
compensatory response to improve oxygen transport. The resulting physical features include 
central cyanosis and digital clubbing. Patients with cyanotic congenital heart disease are 
disposed to hemostatic problems, scoliosis, painful arthropathy or arthritis, gallstones, pulmonary 
hemorrhage or thrombus, paradoxical cerebral emboli or cerebral abscess, and renal dysfunction. 


Most cyanotic patients have compensated erythrocytosis with stable hemoglobin levels. Rarely, 
hyperviscosity symptoms occur and are manifested by headaches and reduced concentration. 
Dehydration should be excluded before considering therapeutic phlebotomy; phlebotomy should 
be followed by fluid administration and should be performed no more than two to three times per 
year. Iron deficiency and resultant microcytosis in cyanotic patients are often caused by 
unnecessary phlebotomy or blood loss, including menstrual bleeding. Microcytes are more rigid 
than normal erythrocytes, thus microcytosis increases the risk of stroke. The treatment for iron 
deficiency in a patient with destabilized erythropoiesis is challenging. Oral iron often causes a 
rapid and dramatic increase in erythrocyte mass. Therefore, administration of 1 tablet daily of 
ferrous sulfate or ferrous gluconate is recommended, with repeat hemoglobin assessment in 7 to 
10 days. Once the hemoglobin level or hematocrit has started to increase, iron therapy should be 
discontinued. 


Cyanosis increases the risk of maternal and fetal complications, including heart failure, preterm 
delivery, intrauterine growth retardation, and miscarriage. Maternal and fetal mortality are also 
increased and relate to the degree of cyanosis, ventricular function, and pulmonary pressures. 
Cyanotic patients with Eisenmenger syndrome should be counseled to avoid pregnancy, which 
carries up to a 50% risk of maternal mortality. 


When hospitalized for medical or surgical problems, cyanotic patients should be seen and 
followed by a specialist with experience in the management of patients with congenital heart 
disease. These patients have an increased risk of paradoxical embolism related to air in 
intravenous lines, and thus air filters are recommended. Early ambulation or pneumatic 
compression devices are recommended for prevention of venous stasis and thrombophlebitis to 


reduce the risk of paradoxical embolism. Anticoagulation is generally avoided owing to platelet 
dysfunction and bleeding tendencies in patients with cyanotic heart disease. 
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Eisenmenger Syndrome 


Eisenmenger syndrome is a cyanotic congenital heart disease characterized by irreversible 
pulmonary vascular disease due to the presence of a long-standing cardiac shunt with eventual 
reversal of the shunt. Although the disease is decreasing in frequency, affected patients represent 
a major proportion of cyanotic adults with congenital heart disease. Conservative medical 
management is recommended for these patients when minimally symptomatic. Alternative 
treatment options for symptomatic patients include pulmonary vasodilator therapy and lung 
transplantation with intracardiac repair or heart-lung transplantation. 
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Diseases of the Aorta 


Introduction 

Aortic Atheroma 

Abdominal Aortic Aneurysm 
Thoracic Aortic Aneurysm 
Marfan Syndrome 

Takayasu Arteritis 


Acute Aortic Syndromes 


Key Points 


Atheromas 4 mm or greater in thickness in the ascending aorta or arch increase the risk of 
recurrent stroke. 

The U.S. Preventive Services Task Force recommends one-time screening for abdominal 
aortic aneurysm with ultrasonography for men ages 65 to 75 years who have ever 
smoked. 

Asymptomatic patients with an abdominal aortic aneurysm greater than 4 cm in diameter 
should undergo semi-annual surveillance with abdominal ultrasonography. 

Elective repair should be performed in most patients when an abdominal aortic aneurysm 
reaches 5.5 cm in diameter or larger or when aneurysm progression is much faster than 
would be expected. 

Treatment with B-blockers or angiotensin receptor blockers may slow the rate of aortic 
root dilation in Marfan syndrome. 

In patients with Marfan syndrome, elective surgical repair should be performed when the 
aortic root is 45 to 50 mm in diameter. 

Pregnancy increases the risk of aortic dissection in patients with Marfan syndrome. 

An acute aortic syndrome should be considered in any patient who presents with the 
abrupt onset of severe pain within the thorax. 

“Classic” findings of an acute aortic syndrome, including tearing pain, a pulse deficit, and 
electrocardiographic and radiographic abnormalities, are often absent. 

Type A acute aortic syndromes (originating in the ascending aortic artery) are surgical 
emergencies. 


e Type B acute aortic syndromes (originating distal to the left subclavian artery) are usually 
treated medically. 
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Introduction 


Most diseases of the aorta arise as the result of atherosclerosis, hypertension, smoking, 
inflammation, or congenital defects involving the metabolism of connective tissue. These 
diseases tend to follow an indolent, asymptomatic, progressive course culminating in an acute 
and, very often, life-threatening clinical presentation. Intervention during the chronic phase of 
aortic disease prevents the acute syndrome and its associated high morbidity and mortality. 
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Aortic Atheroma 


Atherosclerotic changes within the aorta are common, beginning in the second to third decade of 
life as fatty streaks of subintimal collections of cholesterol, foamy macrophages, and secretory 
smooth muscle cells. These changes may progress, with thickening, calcification, or, sometimes, 
with ulceration, destabilization, and the development of mobile projections or embolization. 
Aortic atheromas are most commonly identified on transesophageal echocardiography or CT in 
patients being evaluated for stroke or thromboembolism. Atheromas appear as intimal thickening 
and calcification. Complex atheromas (ulcerated or mobile) also may be noted. 


Aortic atheromas may embolize leading to stroke. The size, location, and morphology of the 
plaque are determinants of risk. In stroke patients, the risk of recurrent stroke is directly 
proportional to plaque thickness proximal to the left subclavian artery, with a pronounced 
increase in risk with plaques 4 mm or greater. Whether plaque mobility or ulceration influences 
risk is controversial. However, the largest prospective study demonstrated that plaque 
calcification strongly influences relative risk, with noncalcified atheroma carrying a 10-fold 
increase in the relative risk of stroke, suggesting that calcification may confer greater plaque 
stability. 


Patients in whom an aortic atheroma has been identified should be considered for treatment with 
an antiplatelet or antithrombotic regimen. Warfarin may be superior to aspirin in prevention of 
recurrent events. Additionally, reduction of atherosclerotic risk should be encouraged in these 
patients, such as lipid-lowering therapy and smoking cessation. Descending aorta atheroma is a 
marker for increased coronary risk but has not been linked to an increased risk of peripheral 
embolization. 
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Abdominal Aortic Aneurysm 


e Clinical Presentation and Natural History 
e Screening 
e Management 
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Clinical Presentation and Natural History 


Abdominal aortic aneurysms affect 5% of elderly men who have smoked. The relative risk is 
substantially increased for men with a first-degree family member affected by abdominal aortic 
aneurysm. The risk tends to be lower in women than in men, although less is understood about 
the natural history of abdominal aortic aneurysm in women. Common symptoms associated with 
threat of rupture include back pain, vague abdominal pain, or an abdominal mass that is painful 
to palpation; however, most patients remain asymptomatic for many years. The mortality rate 
associated with rupture of an abdominal aortic aneurysm approaches 80%. The annual rate of 
rupture of abdominal aortic aneurysms smaller than 5 cm in transverse diameter is 5% or less per 
year. For each increase in diameter of 1 cm, the annual event rate increases by approximately 
10%. 


Most small aneurysms enlarge slowly, but the rate of expansion increases as aneurysms dilate. 


For example, most aneurysms less than 4 cm in diameter enlarge by less than 0.2 cm per year. A 
typical rate for an aneurysm greater than 4.5 cm in diameter is 0.35 cm per year. 
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Screening 


The U.S. Preventive Services Task Force recommends one-time screening for abdominal aortic 
aneurysm with ultrasonography for men ages 65 to 75 years who have ever smoked. The 
American College of Cardiology/American Heart Association guidelines for the management of 
peripheral arterial disease also include this along with the recommendation that men 60 years or 
older who have a first-degree relative with an abdominal aortic aneurysm undergo physical 
examination and ultrasonography screening. 
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Management 


e Medical Treatment 


e Aneurysm Repair 
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Medical Treatment 


Two large studies have confirmed the safety of semi-annual noninvasive surveillance, along with 
risk factor intervention, in asymptomatic patients with aneurysms 4.0 cm to 5.5 cm as compared 
with early surgery. Although B-blockers are often prescribed to slow progression, several 
randomized trials have failed to show a benefit of B-blockers on aneurysm enlargement. Case- 
controlled studies suggest that aneurysm rupture is less likely in patients treated with 
angiotensin-converting enzyme inhibitors, but this may be due to effects on matrix remodeling 
rather than hemodynamic effects. 


Development and expansion of abdominal aortic aneurysms are related to inflammation and 
elaboration of proteases. In animal models, the use of statins or the immune modulators 
rapamycin or doxycycline appears to reduce formation and progression of aortic aneurysms. A 
small prospective human trial has demonstrated reduced rates of enlargement in patients treated 
with simvastatin. The effect of statins appears to be independent of cholesterol level, suggesting 
that an anti-inflammatory effect may be responsible. 


Smoking is the strongest reversible association with abdominal aortic aneurysms, and smoking 
cessation is therefore recommended for prevention of aneurysms. 
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Aneurysm Repair 


All patients with symptomatic aneurysms, regardless of size, should receive intervention. In 
selected asymptomatic patients, repair should be performed in aneurysms 5.5 cm in diameter or 
larger. In addition, intervention in asymptomatic patients has been recommended for smaller 
aneurysms when progression is much faster than would be expected (0.5 cm per year). Medical 
therapy without repair might be considered in patients who are at high surgical risk or in whom 
other disease limits life expectancy. 


Two methods of aneurysm repair may be considered: open surgical and endovascular. The 
choice depends on anatomic considerations and operative risk. Several randomized trials have 
compared endovascular and open surgical repair, with one study comparing endovascular repair 
with medical management in patients not considered candidates for surgery. Endovascular repair 
has a shorter length of hospital stay and lower 30-day morbidity and mortality than open repair 
but greater in-hospital costs (primarily due to the cost of the stent graft). Endovascular repair 
does not, however, improve quality of life beyond 3 months or survival beyond 2 years and, 
compared with open repair, is associated with a higher rate of complications and need for re- 


intervention, more long-term monitoring, and higher long-term costs. In patients medically unfit 
for surgery, endovascular repair costs more and has not been shown to improve survival. 
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Thoracic Aortic Aneurysm 


Most thoracic aortic aneurysms are discovered incidentally during chest radiography or CT 
requested for other reasons. Symptoms may include hoarseness, dysphagia, and back pain, but 
most patients are asymptomatic at the time of discovery. As with abdominal aortic aneurysm, the 
risk of rupture is strongly related to size and rapidity of expansion. The indications for repair are 
slightly different from those for abdominal aortic aneurysm (Table 33). 


Patients with thoracic aortic aneurysms that do not meet criteria for repair should undergo serial 
CT or MRI for surveillance and receive medical therapy, including B-blockers and certain 
angiotensin receptor blockers. 


Operative morbidity and mortality rates are higher for thoracic aortic aneurysm and thoraco- 
abdominal aneurysm repair compared with abdominal aortic aneurysm, with a 20% risk of stroke 
or paralysis and a short-term mortality rate of up to 10%. Owing to this relatively high risk, 
interest in the use of endovascular repair has grown in recent years. At least one device has been 
approved by the U.S. Food and Drug Administration for the endovascular repair of thoracic 
aortic aneurysm. Early outcomes from endovascular repair suggest lower peri-procedural 
complication rates, but long-term analysis of a randomized prospective comparison with surgical 
repair is still lacking. 


Table 33. Indications for Repair of Thoracic Aortic 
Aneurysms 


Symptoms (hoarseness, dysphagia, back pain) 

Severe dilation 

Ascending aortic diameter >50-60 mm 

Descending aortic diameter >60-70 mm 

Descending aortic diameter in patients with high surgical risk: >70 mm 
Rapid growth rate (>10 mm per year ) in aneurysms <50 mm in diameter 
Dissection 
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Marfan Syndrome 


e Pathophysiology and Clinical Presentation 
e Management 
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Pathophysiology and Clinical Presentation 


The Marfan syndrome is an autosomal dominant heritable disorder most frequently involving 
mutations in the gene encoding fibrillin-1 and with characteristic phenotypic features (Table 34). 
The fibrillin-1 protein is both a structural component of normal connective tissue and a 
regulatory protein affecting transforming growth factor P (TGF-B) signaling. Patients with the 
Marfan syndrome develop a dilated aortic root with loss of the normal angle between the sinuses 
and ascending aorta. This abnormality usually is present by the adolescent or young adult years 
and progresses with age. Untreated, it may lead to ascending aortic dissection. 


Table 34. Clinical Features of the Marfan Syndrome 


Eye 
Superior lens dislocation (ectopia lentis)* 
Skeleton 

Arm span exceeding height (ratio >1.05) 
Erosion of lumbosacral vertebrae due to dural ectasia* 
Joint hypermobility 
Long digits (arachnodactyly) 
Reduced elbow extension (<170 degrees) 
Scoliosis 
Sternal deformity (carinatum type) 
Tall stature 
Thumb sign (distal phalanx protrudes beyond border of clenched fist) 
Wrist sign (thumb and fifth digit overlap when around the wrist) 

Oral Cavity 
Crowded dentition 
High palate 
Mandible malocclusion 

Cardiac 

Aortic dissection* 
Aortic root dilatation* 
Mitral valve prolapse 

Pulmonary 


Spontaneous pneumothorax 
Central Nervous System 
Dural ectasia* 


* Asterisks represent the most specific findings. 


Data from De Paepe A, Devereux RB, Dietz HC, Hennekam R, Pyeritz RE. Revised diag-nostic 
criteria for the Marfan syndrome. Am J Med Genet. 1996;62(4):417-426. [PMID: 8723076] 
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Management 


The European Society of Cardiology recommends elective aortic root repair at a diameter of 45 
mm (or if expansion is faster than 5 mm per year); the American College of 
Cardiology/American Heart Association recommends repair at 50 mm (or expansion of 10 mm 
per year). Given the proximal nature of the abnormality, the aortic root size can be followed 
noninvasively and serially every 6 to 12 months by echocardiography. This has the added benefit 
of assessment of aortic regurgitation and associated ventricular size and function. 


Pregnant women with the Marfan syndrome are at high risk for dissection, estimated to exceed 
10% in women with an aortic root dimension of more than 40 mm. American College of 
Cardiology/American Heart Association guidelines recommend elective aortic root repair in 
women considering pregnancy once the aortic root measures 45 mm or greater. 


Patients with the Marfan syndrome who do not meet criteria for elective surgery should be 
counseled to avoid strenuous activity, especially weight lifting or “burst” activity. B-Blockers 
have been demonstrated to reduce the rate of aortic root dilation. In animal studies, losartan, but 
not propanolol, prevented aortic root dilation, independent of hemodynamic effect. Early results 
in humans also support a beneficial effect of angiotensin receptor blockers. These promising 
trials may reflect an important role of angiotensin receptor blockade in TGF-B signaling. 
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Takayasu Arteritis 


Takayasu arteritis is a chronic vasculitis involving the aorta and major tributaries that largely 
affects young women. The early symptoms are constitutional, with symptoms of vascular 
involvement becoming more apparent as the disease progresses. Arterial inflammation, similar 
pathologically to giant cell arteritis, leads to thickening, stenosis, and aneurysmal dilation of the 
aorta and major branches. Late manifestations include arm or leg claudication and distal 
ulceration. Carotid or vertebral artery involvement may provoke headache, vertigo, syncope, or 


visual impairment. Angina may occur with involvement of the ostial portion of the coronary 
arteries, and renovascular hypertension may result from mid-aortic involvement. The diagnosis 
and treatment of Takayasu arteritis are reviewed in MKSAP 15 Rheumatology. 
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Acute Aortic Syndromes 


e Pathophysiology and Clinical Presentation 
e Diagnosis 
e Treatment 
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Pathophysiology and Clinical Presentation 


Acute aortic syndromes include acute aortic dissection, aortic intramural hematoma, and 
penetrating atherosclerotic ulcer. Aortic dissection is characterized by an intimal tear and 
formation of a false lumen within the media of the artery. Aortic intramural hematoma is a 
crescent of fresh hematoma contained within the media but without an intimal tear or false lumen 
and without involvement of the aortic valve, pericardium, or major branch vessels. It is thought 
to represent rupture of the vasa vasorum and is considered by many to be a precursor of 
dissection. Penetrating atherosclerotic ulcer represents avulsion of a mural atherosclerotic plaque 
with erosion of the media and pseudoaneurysmal adventitial containment. 


Patients with an acute aortic syndrome present with the abrupt onset of severe pain within the 
thorax. Blood pressure is variable. Pain described as “ripping” or “tearing” occurs in only about 
50% of patients, and migrating pain is distinctly unusual. The physical finding of a pulse deficit 
is uncommon. At least one third of patients have no electrocardiographic abnormality, and at 
least 40% of patients lack widening of the mediastinum on plain chest radiograph. An acute 
aortic syndrome must, therefore, be considered in any patient with unexplained new severe 
thoracic pain regardless of the results of these initial diagnostic tests. 
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Diagnosis 


Diagnosis of a suspected acute aortic event is made by MRI, contrast CT, or transesophageal 
echocardiography. CT scanning can be performed rapidly and demonstrates the aortic arch, great 
vessels, and infradiaphragmatic aorta and tributaries well; however, it requires intravenous 
contrast. MRI may take longer and may require patient transport; in addition, it is contraindicated 
in patients with pacemakers and implanted defibrillators. Transesophageal echocardiography can 


be performed at bedside and allows definition of the ascending and descending aorta, evaluation 
of the pericardium, inspection of aortic valve structure and competence, and evaluation of left 
ventricular function; however, this modality is limited with regard to definition of the aortic arch, 
great vessels, and abdominal aorta. The choice, therefore, depends on institutional availability 
and expertise. 


Acute aortic syndromes have been categorized according to the Stanford classification scheme 
originally developed for the description of dissection: type A originates within the ascending 
aorta or arch; type B originates distal to the left subclavian artery. 
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Treatment 


Type A aortic syndromes are surgical emergencies, and medical therapy to control heart rate, 
blood pressure, and pain should be instituted while awaiting surgery. 


Type B aortic syndromes are usually treated medically. Patients with type B aortic syndromes 
are usually hypertensive at presentation, and therapy should include initiation of intravenous B- 
blockers followed by a rapidly titratable parenteral antihypertensive agent, such as sodium 
nitroprusside, fenoldopam, or enalaprilat. The goal of therapy is a heart rate of 60/min to 80/min 
and the lowest level of mean arterial pressure that allows vital organ perfusion. Therapy also 
includes analgesia to prevent pain worsening both hypertension and tachycardia. Surgical 
therapy of type B aortic syndromes may also be indicated but is associated with significant 
morbidity and mortality (Table 35). 


The few studies of endovascular grafts for type B repair have reported acute mortality rates 
ranging from 0% to 20%. There are no long-term results assessing the durability of this therapy. 


Type B aortic dissections can undergo aneurysmal transformation, and intramural hematoma 
may progress to aneurysm or dissection over time. Therefore, surveillance imaging of medically 
treated type B aortic syndromes is reasonable at 1, 3, and 6 months from the index event and 
every 6 to 12 months thereafter if aneurysmal dilatation is present. 


Distal penetrating ulcers with broad-based or deep ulceration are most commonly treated with 
surgery or endovascular repair. Distal shallow and narrow ulcers without evidence of threatened 
rupture have been treated conservatively; however, outcome data regarding conservative therapy 
for penetrating atherosclerotic ulcer are not currently available. Penetrating ulcer with associated 
intramural hematoma has been reported to be a particularly aggressive form of this disease, and 
urgent surgical or endovascular repair has been suggested. 
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- Table 35. Indications for Interventional Therapy in 
Type B Acute Aortic Syndromes 


Occlusion of a major aortic branch with visceral or limb ischemia 
Progressive dilation or extension despite appropriate medical therapy 
Contained aortic rupture of type B dissection 

Penetrating atherosclerotic ulcers >20 mm diameter and >10 mm depth 


Penetrating atherosclerotic ulcers associated with hematoma 
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Peripheral Arterial Disease 


Evaluation of Peripheral Arterial Disease 
Management of Peripheral Arterial Disease 


Acute Limb Ischemia 


Key Points 


Aggressive cardiovascular risk factor modification is indicated for all patients with 
peripheral arterial disease regardless of symptoms or ankle-brachial index score. 
Antiplatelet therapy may reduce progression of peripheral arterial disease and the need 
for vascular intervention. 

Atorvastatin, simvastatin, Ginkgo biloba extract, and cilostazol have been shown to 
increase pain-free walking duration in patients with peripheral arterial disease. 
Properly supervised exercise to the point of near-maximal pain increases pain-free 
walking duration and distance in patients with peripheral arterial disease. 

Invasive management of peripheral arterial disease should be reserved for patients who 
face loss of a limb or have severe limitation despite conservative therapy. 

Patients with acute limb ischemia with severe claudication but no rest pain (class I) 
should be treated with antiplatelet therapy and heparin. 

Patients with acute limb ischemia with rest pain and transient or incomplete motor or 
sensory deficits (class IIb) require urgent medical or invasive revascularization. 
Patients with acute limb ischemia, anesthesia, paralysis, absent Doppler signals, and 
muscle rigor (class III) require amputation. 
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Evaluation of Peripheral Arterial Disease 


Clinical Presentation and Differential Diagnosis 
Physical Examination and Diagnostic Studies 
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Clinical Presentation and Differential Diagnosis 


Peripheral arterial disease (PAD) is most commonly the result of atherosclerosis, and the annual 
cardiovascular event rate in patients with PAD is 5% to 7%. Current recommendations for who 
should be evaluated for PAD are shown in Table 36. Fewer than 20% of patients present with 
classic intermittent claudication—muscle cramping with effort relieved by rest. Patients with 
mild to moderate lower extremity PAD are more likely to report leg fatigue, difficulty walking, 
and atypical leg pain. When classic claudication is present, the location of the pain provides 
important clues as to the site of arterial compromise (Table 37). Signs of severe PAD include 
pain while at rest, ulceration, and gangrene. 


The differential diagnosis of lower extremity discomfort includes musculoskeletal disorders, 
neuropathies, and venous thrombosis (Table 38). The discomfort of spinal stenosis has been 
termed pseudoclaudication; however, this type of pain is not necessarily related to exertion; is 
provoked by standing; and is relieved by sitting, lying down, or leaning forward. 


Table 36. Persons at Risk for Lower Extremity Peripheral 
Arterial Disease 


Age <50 years, with diabetes and one other atherosclerosis risk factor (smoking, dyslipidemia, 
hypertension, or hyperhomocysteinemia) 


Age 50-69 years and history of smoking or diabetes 

Age >70 years 

Leg symptoms with exertion (suggestive of claudication) or ischemic rest pain 
Abnormal lower extremity pulse examination 

Known atherosclerotic coronary, carotid, or renal artery disease 


Adapted from Hirsch AT, Haskal ZJ, Hertzer NR, et al; American Association for Vascular 
Surgery; Society for Vascular Surgery; Society for Cardiovascular Angiography and 
Interventions; Society for Vascular Medicine and Biology; Society of Interventional Radiology; 
ACC/AHA Task Force on Practice Guidelines; American Association of Cardiovascular and 
Pulmonary Rehabilitation; National Heart, Lung, and Blood Institute; Society for Vascular 
Nursing; TransAtlantic Inter-Society Consensus; Vascular Disease Foundation. ACC/AHA 2005 
guidelines for the management of patients with peripheral arterial disease (lower extremity, 
renal, mesenteric, and abdominal aortic): executive summary: a collaborative report from the 
American Association for Vascular Surgery/Society for Vascular Surgery, Society for 
Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, 
Society of Interventional Radiology, and the ACC/AHA Task Force on Practice Guidelines 
(Writing Committee to Develop Guidelines for the Management of Patients With Peripheral 
Arterial Disease). J Am Coll Cardiol. 2006;47(6):1239-1312. [PMID: 16545667] Copyright 2006 
American College of Cardiology Foundation, with permission from Elsevier. 


Table 37. Claudication Site and Corresponding Vascular 
Territory in Peripheral Arterial Disease 


Claudication Site Vascular Territory 


Buttock/hip Aortoiliac 

Thigh Common femoral or aortoiliac 
Upper calf Superficial femoral 

Lower calf Popliteal 


Table 38. Differential Diagnosis of Peripheral Arterial 
Disease 


Disease Notes 


Osteoarthritis Pain often locates to the hips and knees; pain with variable activity and 
certain positions; common in the same age group as those affected by, and 
may accompany, peripheral arterial disease 


Sensory neuropathy Pain is not usually dependent on activity and is more often position-related; 
symptoms may include numbness or burning pain; patients often younger 
than those with PAD; often associated with diabetes mellitus 


Musculoskeletal Diffuse muscle pains, often unrelated to activity; typical in patients with 
disease fibromyalgia and systemic autoimmune diseases 


Venous disease Limb pain may worsen with activity and standing; limb elevation often 
relieves the pain; usually associated with edema; patients are younger and 
may have a history of deep venous thrombosis; leg pruritus, 
hyperpigmentation, and medial malleolar ulcers may be present 


Lumbar Pain may be burning and localized to the back of the leg; patient usually has 
radiculopathy a history of back problems or pain occurs in the setting of back injury 
Popliteal Pain affects the calves and worsens with vigorous physical activity; a drop 
entrapment in the ABI occurs with dorsiflexion; occurs primarily in young athletes 
syndrome 

Chronic Pain affects calves and is worse after a long duration of physical activity; 
compartment ABI is not affected; occurs primarily in young athletes 

syndrome 


ABI = ankle-brachial index. 
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Physical Examination and Diagnostic Studies 


Physical examination of patients at risk for PAD should include palpation and auscultation of the 
carotid and femoral arteries; auscultation of the abdomen for bruits; and palpation of the 


popliteal, dorsalis pedis, and posterior tibial arteries. Femoral bruits suggest aortoiliac disease. 
The skin should be examined for ulceration, hair loss, and changes in coloration. 


The ankle-brachial index (ABI) is a simple, sensitive, and specific method of initial evaluation. 
The ABI is a ratio of lower extremity to upper extremity systolic blood pressures (ABI = ankle 
pressure/brachial pressure). There are a variety of methods for calculating the ABI; the following 
represents the method espoused by the American Heart Association and the American College of 
Cardiology. Systolic pressures are measured in the posterior tibial and dorsalis pedis arteries of 
each foot using a Doppler probe (Figure 30); the highest systolic pressure recorded in each ankle 
is divided by the highest brachial pressure to obtain the ABI for each lower extremity The 
interpretation of ABI results is shown in Table 39. 


When the ABI is greater than 1.30, a toe-brachial index may provide a better assessment of lower 
extremity perfusion. Great toe pressures are normally lower than ankle or brachial pressures, and 
a toe-brachial index of less than 0.70 is considered diagnostic of PAD. When high clinical 
suspicion for PAD persists despite a normal ABI, exercise testing may be useful. A decrease of 
the ABI by 20% after exercise suggests significant PAD. 


Segmental limb pressure recordings can be obtained with a series of plethysmographic cuffs 
placed at the upper thigh, lower thigh, calf, and ankle to better localize the point of arterial 
obstruction. Segmental pressure recordings are useful in patients with moderate to severe disease 
with limiting symptoms despite medical therapy in whom surgical or endovascular intervention 
is being considered. A 20 mm Hg drop in pressure across adjacent zones signifies underlying 
disease. When used in combination with pulse volume recordings (noninvasive arterial 
waveform analysis), this technique has a diagnostic accuracy of greater than 95%. 


Further anatomic data can be obtained noninvasively using gadolinium-enhanced magnetic 
resonance angiography or contrast-enhanced multi-detector CT angiography. MRI is 
contraindicated in patients with implanted defibrillators, and gadolinium has been associated 
with nephrogenic systemic fibrosis in patients with severe kidney disease. In addition, patients 
with kidney disease are at risk of contrast-induced nephropathy from iodinated contrast agents 
used in CT angiography. Invasive contrast angiography is reserved for patients in whom 
revascularization is already planned. 


Figure 30. Determining the Ankle-Brachial Index. 


A Doppler probe is used to measure the posterior tibial systolic pressure. 


Table 39. Interpretation of the Ankle-Brachial Index 


Ankle-Brachial Index 


>1.30 

1.00-1.30 
0.91-0.99 
0.41-0.90 
0.00-0.40 


Interpretation 
Noncompressible (calcified) vessel (uninterpretable result) 
Normal 
Borderline 
Mild to moderate PAD 
Severe PAD 


PAD = peripheral arterial disease. 
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Management of Peripheral Arterial Disease 


e Cardiovascular Risk Factor Modification 
e Medical Treatment of Symptomatic Patients 


e Endovascular and Surgical Management 


PreviousNext 


Cardiovascular Risk Factor Modification 


Randomized controlled studies have demonstrated a 20% reduction in major cardiovascular 
events and need for revascularization in patients with PAD when LDL cholesterol level is 
lowered to approximately 100 mg/dL (2.6 mmol/L) with a statin. Patients at the highest cardiac 
risk and patients at very high PAD risk benefit from further reduction to 70 mg/dL (1.8 mmol/L). 
Patients at very high PAD risk include those with multiple major risk factors (particularly 
diabetes), severe and poorly controlled risk factors, or the metabolic syndrome. Additionally, 
treatment with a fibric acid derivative is reasonable in patients with PAD, low HDL cholesterol, 
normal LDL cholesterol, and elevated triglyceride levels. 


Lowering blood pressure in hypertensive patients with PAD reduces overall cardiovascular risks 
and mortality. The blood pressure goal is less than 140/90 mm Hg. For patients with diabetes, the 
goal is less than 130/80 mm Hg. The Heart Outcomes Prevention Evaluation study demonstrated 
that angiotensin-converting enzyme inhibitors reduced major cardiovascular events in patients 
with PAD; however, the Appropriate Blood Pressure Control in Diabetes trial suggested that in 
patients with diabetes and PAD, the intensity of blood pressure treatment may be more important 
than the class of drug employed. 


B-Blockers are appropriate treatment for secondary prevention in patients with prior myocardial 
infarction and reduce perioperative risk in patients with PAD undergoing noncardiac surgery. 


Aspirin therapy can reduce the need for vascular intervention and retard the progression of PAD. 
Although individual trials of aspirin in patients with PAD have been inconclusive, a large meta- 
analysis demonstrated a 25% reduction in the risk of stroke, myocardial infarction, or death with 
antiplatelet therapy in both men and women. The CAPRIE trial demonstrated a significant 
benefit of clopidogrel over aspirin with regard to these major adverse events. Based on the level 
of evidence, aspirin remains first-line therapy, with clopidogrel an acceptable alternative. 
Recently, the CHARISMA trial demonstrated further benefit of combined clopidogrel and 
aspirin in patients with prior myocardial infarction, ischemic stroke, or PAD. However, sub- 
group analysis suggests that patients with PAD alone may not share the benefit shown by the 
entire cohort. 


No prospective trial has demonstrated that tight diabetic control (hemoglobin Aj, <7%) is 
associated with a reduction in macrovascular complications. Observational data from the UK 
Prospective Diabetes Study demonstrated that each one percentage point increase in hemoglobin 
Ajc was associated with a 28% increase in the incidence of PAD over a 6-year period. 
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Medical Treatment of Symptomatic Patients 


Noninvasive treatment of symptomatic PAD should include medical and exercise therapy in 
addition to risk factor modification. The use of atorvastatin or simvastatin, besides lowering 
overall cardiovascular risk, increases pain-free walking duration. In a meta-analysis, Ginkgo 
biloba extract also has been shown to improve pain-free walking duration. 


Cilostazol, a phosphodiesterase inhibitor, increases pain-free and overall walking distance in 
PAD patients with lifestyle-limiting claudication in the absence of heart failure; cilostazol, 
however, is contraindicated in patients with heart failure. 


Pentoxifylline, garlic, L-carnitine, and chelation therapy have not been shown to be effective in 
randomized trials for treatment of symptoms of PAD. Warfarin is also not effective in reducing 
symptoms or progression of PAD. 


A supervised exercise program consisting of repeated walking to the point of near-maximal pain 
significantly increases pain-free walking time and overall walking distance. Over time, results 
with exercise training approach those achieved with angioplasty or antiplatelet therapy. 
Consistency must be stressed because therapeutic gains are quickly lost when exercise is 
stopped. 
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Endovascular and Surgical Management 


Invasive management of PAD is indicated to salvage a threatened limb and improve symptoms 
in patients with short-distance or lifestyle-limiting claudication refractory to conservative 
therapy. Several aspects must be considered carefully before offering endovascular or surgical 
intervention: 


e Patients should demonstrate an inadequate response to medical and exercise therapy. 

e Patients should demonstrate severe impairment of normal work or avocational activities. 

e Patients should not have another disease that would limit exercise even if 
revascularization were performed. 

e The projected natural history of the patient should justify revascularization. 

e Lesion morphology should predict a high probability of initial and long-term success. 


Angioplasty is most effective in short-segment stenosis within large-caliber vessels, whereas 
surgical intervention (bypass) is favored for patients with distal, multilevel, or occlusive disease. 
Primary stenting is more effective in large inflow vessels (aortoiliac, common iliac, and external 
iliac arteries) but is not recommended in the femoral, popliteal, or tibial arteries as primary 
therapy. Preferred therapy for each arterial segment is summarized in Table 40. 


Endovascular techniques are preferable to surgery in the treatment of obstructive aortoiliac 
disease, and primary stenting, which has an immediate procedural success rate of greater than 
95%, is advocated. A meta-analysis of percutaneous transluminal angioplasty versus stent 
placement for occlusive aortoiliac disease demonstrated similar complication rates but higher 
technical success rates and lower long-term failure rates with primary stenting. Contraindications 
to aortoiliac endovascular therapy include lesions longer than 5 cm, aneurysmal disease, 
atheroembolic disease, and severe diffuse bilateral aortoiliac stenosis. 


Compared with the aortoiliac arterial system, the femoral and popliteal arteries are smaller, have 
lower flow rates, and more commonly demonstrate complete occlusion. Disease involving the 
common femoral artery is best treated surgically using endarterectomy with patch angioplasty or 
iliofemoral bypass. Endovascular therapy for popliteal and infrapopliteal disease should be 
reserved for patients with severe claudication refractory to conservative management. 
Endovascular infrapopliteal intervention should be considered when outflow obstruction 
jeopardizes the success of a more proximal intervention or when increased flow is essential to 
help with wound healing and infection. 


Table 40. Preferred Interventional Therapy for Peripheral 
Arterial Disease by Arterial Segment 


Arterial Segment Preferred Interventional Therapy 
Aortoiliac Primary stenting 
Common femoral artery Endarterectomy and patch angioplasty, or iliofemoral bypass 
Deep femoral artery Endarterectomy and patch angioplasty, or bypass 
Popliteal and tibial arteries Bypass 
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Acute Limb Ischemia 


e Pathogenesis 
e Management 
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Pathogenesis 


Acute limb ischemia usually results from spontaneous or iatrogenic embolism or in situ 
thrombosis. Most patients present with the signs and symptoms listed in Table 41. 


Spontaneous embolization may originate either within the heart or from an upstream vessel. The 
most common causes of cardiogenic embolization are chronic atrial fibrillation and ventricular 
aneurysm with mural thrombosis. In endocarditis, embolization of infected material (vegetation) 
may occur. Embolization may result from an abdominal aortic aneurysm as well, as thrombi are 
often present within these areas of abnormal blood flow. 


Embolization may result from an invasive procedure such as angiography or cardiac 
catheterization whereby a mural thrombus is dislodged or cholesterol embolization is initiated 
through catheter manipulation. In situ thrombosis occurs more commonly within surgical bypass 
grafts or in patients with a severe underlying plaque. Less commonly, thrombosis may occur in 
patients with hypercoagulable states. 


Cholesterol embolization may result in a systemic illness characterized by inflammation, renal 
failure, eosinophilia, livedo reticularis (Figure 31), and distal necrosis. Care is generally 
supportive. 


Figure 31. Livedo Reticularis. 


Table 41. Signs and Symptoms of Critical Acute Limb 
Ischemia (the “Six P’s’’) 


Pulseless 

Painful 

Pallor 

Paresthesia 
Paralysis 
Poikilothermy (cold) 
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Management 


Three categories of acute limb ischemia have been established to help therapeutic decision- 
making (Table 42). Class I patients have moderate to severe claudication but no rest pain. 
Resting ankle pressure is generally greater than 50 mm Hg, but patients are unable to complete 
an exercise test and demonstrate a fall in post-exercise ankle pressure to below 50 mm Hg. 
Immediate initiation of antiplatelet therapy is warranted along with systemic anticoagulation 
with heparin. These patients require evaluation by a vascular specialist and angiography or 
invasive treatment within the next several days. 


Class II patients have resting ischemic pain and ankle pressure below 40 mm Hg. Distal pulses 
may be absent or barely palpable. Class II patients require emergent hospitalization, consultation 
with a vascular specialist, and urgent intervention if the limb is to be salvaged. Patients with 
absent Doppler signals, transient sensory deficits, and no motor weakness are typically 
considered for intra-arterial thrombolytic therapy. Thrombolytic agents may take up to 24 hours 
to restore patency but are less disruptive to the underlying arterial architecture. Patients with 
motor weakness or persistent sensory loss generally require urgent endovascular or open surgical 
therapy for limb salvage. Parenteral use of prostaglandin E; may reduce ischemic pain and aid in 
wound healing; however, long-term use of oral iloprost (a prostacyclin analogue) has not been 
shown to reduce the risk of death or amputation. 


Class III patients present with absent Doppler signals, muscle rigor, profound anesthesia, and 
paralysis. These patients have irreversible ischemia and require prompt amputation. 


Table 42. Categories and Prognosis of Acute Limb Ischemia 


Class Sensory Loss Muscle Arterial Venous Prognosis 


IIb 


M 


Weakness Doppler Doppler 


Signals Signals 

None None Audible Audible Not immediately threatened; 
viable 

None to None Inaudible Audible Salvageable with prompt 
minimal (toes) treatment 
More than Mild to Inaudible Audible Salvageable only with 
toes moderate immediate revascularization 
Profound Profound; Inaudible Inaudible Not viable; major tissue loss 
anesthesia paralysis inevitable 


Adapted from Rutherford RB, Baker JD, Ernst C, et al. Recommended standards for reports 
dealing with lower extremity ischemia: revised version [erratum in J Vasc Surg. 
2001;33(4):805.]. J Vasc Surg. 1997;26(3):517-538. [PMID: 9308598] Copyright 1997, with 
permission from Elsevier. 
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Pregnancy and Cardiovascular Disease 


Cardiovascular Changes with Pregnancy 


Prepregnancy Evaluation 
Management of Cardiovascular Disease During Pregnancy 


Key Points 


In women with cardiac disease, prior cardiac events or arrhythmia, left heart obstruction, 
and left ventricular systolic dysfunction independently predict maternal cardiac 
complications. 

Severe pulmonary arterial hypertension carries a maternal mortality rate of 30% to 50%; 
patients with this disorder should be counseled against pregnancy. 

Patients with peripartum cardiomyopathy with persistent ventricular dysfunction should 
be discouraged from subsequent pregnancy because of the risk of recurrence, which may 
be fatal. 

In the treatment of heart failure during pregnancy, angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, and aldosterone antagonists should be avoided. 
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Cardiovascular Changes with Pregnancy 


Hemodynamic changes that occur during normal pregnancy include increased plasma volume 
and a lesser increase in erythrocyte mass, resulting in increased total blood volume and relative 
anemia. Changes in heart rate, systemic and pulmonary vascular resistance, and blood pressure 
also occur (Table 43). These changes cause a steady increase in cardiac output until the 32nd 
week, at which time cardiac output plateaus at approximately 40% above the prepregnancy level. 
At the time of delivery, cardiac output is as much as 80% above the prepregnancy level owing to 
increases in heart rate and blood pressure. 
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Prepregnancy Evaluation 


A comprehensive prepregnancy evaluation is recommended for women with structural heart 
disease. A risk assessment to identify women with cardiovascular disease who are at high risk for 
cardiovascular complications during pregnancy is shown in Table 44. Prior cardiac events or 
arrhythmia, poor functional class or cyanosis, left heart obstruction, and left ventricular systolic 
dysfunction independently predict maternal cardiac complications. Women with severe 
pulmonary arterial hypertension are at very high risk, with an estimated maternal mortality rate 
of 30% to 50%. In the CARPREG study, pulmonary arterial hypertension was not an 
independent risk factor because of its association with poor functional status and left heart 
obstruction. Ventricular systolic dysfunction (ejection fraction <40%) associated with New York 
Heart Association functional class III or IV heart failure carries a high risk of maternal and fetal 
complications and is generally considered a contraindication to pregnancy. Severe obstructive 
cardiac lesions are often associated with symptomatic deterioration during pregnancy; 
intervention prior to pregnancy is recommended. 


Table 43. Normal Versus Abnormal Cardiac Symptoms and 
Signs in Pregnancy 


Symptom or Normal Pathologic 
Sign 

Shortness of Mild, with exertion Orthopnea, PND, cough 

breath 

Palpitations Atrial and ventricular premature beats Atrial fibrillation or flutter; 
ventricular tachycardia 

Chest pain No Chest pressure, heaviness, or 
pain 


Murmur Basal systolic murmur grade 1/6 or 2/6 Systolic murmur >grade 3/6; any 


present in 80% of pregnant women diastolic murmur 


Tachycardia Heart rate increased by 20%-30% Heart rate >100/min 

Low blood Blood pressure typically is unchanged Low blood pressure associated 
pressure with symptoms 

Edema Mild peripheral Pulmonary edema 

Gallop S3 S4 


PND = paroxysmal nocturnal dyspnea. 


Table 44. Predictors of Maternal Cardiac Events in Women 
with Congenital or Acquired Cardiac Disease 


Risk Factor Operational Definition 
(Predictor) 
Prior cardiac Heart failure, transient ischemic 
event or attack, stroke, arrhythmia 
arrhythmia 
Baseline NYHA Mild symptoms (mild shortness 
class >I or of breath and/or angina pain) and 
cyanosis slight limitation during ordinary 
activity 
Left heart Mitral valve area <2 cm’; aortic 
obstruction valve area <1.5 cm’ or peak left 
ventricular outflow tract gradient 
>30 mm Hg 
Reduced left Ejection fraction <40% 
ventricular 
function 
Estimated Risk 
for Cardiac 
Events” 
No. of Estimated Risk (%) Recommendation 
Predictors 
0 4 Consideration of preconception cardiac 
intervention for specific lesions; increased 
frequency of follow-up; delivery at 
community hospital 
1 31 Consideration of preconception cardiac 
intervention for specific lesions; referral to 
regional center for ongoing care 
>l 69 Consideration of preconception cardiac 


intervention for specific lesions; referral to 


regional center for ongoing care 
NYHA = New York Heart Association. 
“Pulmonary edema, tachyarrhythmia, embolic stroke, cardiac death. 


Data and recommendations from Siu SC, Sermer M, Colman JM, et al; Carwith heart disease. 
Circulation. 2001;104(5):515-521. [PMID: 11479246] diac Disease in Pregnancy (CARPREG) 
Investigators. Prospective multicenter study of pregnancy outcomes in women with heart 
disease. Circulation. 2001;104(5):515-521. [PMID: 11479246] 
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Management of Cardiovascular Disease During Pregnancy 


There are no guidelines or official recommendations for the management of most cardiovascular 
conditions that occur during pregnancy. Recommendations regarding the management of 
pregnant women with cardiovascular disease are largely based on case series. Once a woman 
with cardiovascular disease becomes pregnant, special attention should be paid to her 
hemodynamic response. The time and route of delivery should be planned before spontaneous 
labor occurs. Vaginal delivery with a facilitated second stage (forceps delivery or vacuum 
extraction) is preferred for women with heart disease. Cesarean delivery should be performed 
when indicated for obstetrical reasons, in patients fully anticoagulated with warfarin, and in 
patients with pulmonary hypertension. 
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Peripartum Cardiomyopathy 


Peripartum cardiomyopathy is ventricular dysfunction that occurs during the last trimester of 
pregnancy or up to 6 months postpartum in the absence of an identifiable cause. Peripartum 
cardiomyopathy occurs more frequently in multifetal pregnancies; multiparous women; women 
older than 30 years; black women; and in women with gestational hypertension, preeclampsia, or 
who are treated with tocolytic therapy. 


Peripartum cardiomyopathy is the major cause of pregnancy-related death in North America; 
maternal death is related to heart failure, thromboembolic events, and arrhythmias. Left 
ventricular function improves within 6 months after delivery in approximately 50% of women 
with peripartum cardiomyopathy. Management includes early delivery (when peripartum 
cardiomyopathy is identified before parturition) and treatment for heart failure. Medical therapy 
for heart failure during pregnancy should include standard therapy for heart failure with B- 
blockers, digoxin, and diuretics, but excluding angiotensin-converting enzyme inhibitors and 


angiotensin receptor blockers until after delivery. Anticoagulation is recommended when left 
ventricular ejection fraction is less than 35%. Referral for transplantation should be considered 
for refractory ventricular systolic dysfunction. 


Intravenous immune globulin and pentoxifylline should be considered when peripartum 
cardiomyopathy is diagnosed. An immune pathogenesis is supported by the frequent finding of 
lymphocytic myocarditis on endomyocardial biopsy and the fact that multiparity is a significant 
risk factor. Elevated levels of tumor necrosis factor a (TNF-a) have been noted in patients with 
peripartum cardiomyopathy, and the addition of pentoxifylline, which inhibits TNF-a, to 
conventional treatment has been shown to improve outcomes. 


Recurrence of peripartum cardiomyopathy is common, and affected patients are at increased risk 
of reduction in ventricular function as well as morbidity and mortality with another pregnancy. 
Patients with peripartum cardiomyopathy should be counseled about the risks of subsequent 
pregnancies and those who have persistent ventricular dysfunction should be discouraged from 
becoming pregnant again. 
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Medication Use during Pregnancy 


Most cardiovascular medications are not approved for use during pregnancy owing to limited 
data on their safety during pregnancy (Table 45). Although the desired therapeutic effect may 
outweigh the risk, these medications should be used only when necessary. 


B-Blockers cross the placenta and are present in human breast milk, resulting in significant levels 
in the fetus and newborn. If these agents are used during pregnancy, fetal heart rate and newborn 
heart rate and blood glucose monitoring is indicated. 


Low birth weight, early delivery, and small fetal size for gestational age have been associated 
with the use of atenolol, especially when initiated early in the pregnancy. In pregnant patients 


with supraventricular arrhythmias taking atenolol, metoprolol be considered as an alternative. 


Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers are contraindicated 
during pregnancy but can be restarted after delivery and are safe to use while breastfeeding. 


Table 45. Drugs for Cardiac Disorders in Pregnancy 


Drug Use Use Justified in Use Compatible Comments 
Justified Some Rarely with Breast 
When Circumstances” Justified’ Feeding 
Indicated* 
ACE 


inhibitors 


Captopril 


Enalapril 
Lisinopril 


ARBs 


Adenosine 


Amiodarone 


Antiplatelet 
agents 


Dipyridamole 


Clopidogrel 
Aspirin (<81 
mg) 
B-Blockers 
Atenolol 


Esmolol 


Labetalol 
Metoprolol 


Propranolol 


Teratogenic first 
trimester; cause 
fetal/neonatal renal 
failure with 2nd and 3rd 
trimester exposure; 
scleroderma renal crisis 
is only indication 

Same as above 


Same as above 


Teratogenic first 
trimester; cause 
fetal/neonatal renal 
failure with 2nd and 3rd 
trimester exposure 

No change in fetal heart 
rate when used for 
supraventricular 
tachycardia 

Fetal hypothyroidism, 
prematurity 


No evidence of harm in 
animal studies; no 
human data 


Same as above 


Low birth weight, 
intrauterine growth 
restriction 


More pronounced 
bradycardia 


Preferred drug in class 
Shortened half-life 


Intrauterine growth 
restriction 


Sotalol 


Calcium 
channel 
blockers 


Diltiazem 


Verapamil 
Digoxin 
Disopyramide 


Diuretics 


Flecainide 


Hydralazine 
Lidocaine 
Nitroprusside 
Organic 
nitrates 
Phenytoin 


Procainamide 


Propafenone 


Quinidine 


Insufficient data; reserve 
use for arrhythmia not 
responding to alternative 
agent 


Maternal hypotension 
with rapid intravenous 
infusion; used for fetal 
supraventricular 
tachycardia 


Same as above 
Shortened half-life 


Case reports of preterm 
labor 

Use when needed for 
maternal volume 
overload only 
Inadequate data but used 
for fetal arrhythmia; case 
report of fetal 
hyperbilirubinemia 


Vasodilator of choice 


Treatment of choice for 
ventricular arrhythmias 
Potential fetal 
thiocyanate toxicity 

No apparent increased 
risk 

Known teratogenicity 
and bleeding risk; last 
resort for arrhythmia 
Used for fetal arrhythmia 
as well 

Used for fetal arrhythmia 


Preferred drug in class; 
increases digoxin levels 


ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; N =no; Y = yes; ? 
= unknown. 


“Data and/or extensive experience support the safety of the drug for the indication. 


"Less extensive or desirable data are reported, but the drug is reasonable as a second-line agent 
or is indicated based on the severity of maternal disease. 


“Use only when alternatives supported by experience and/or better safety data are not available 
or for life-threatening indications. 


From Rosene-Montella K, Keely EJ, Lee RV, Barbour LA. Medical Care of the Pregnant Patient. 
2nd Edition. Philadelphia, PA: American College of Physicians; 2007, page 356-357. Copyright 
2007 American College of Physicians. 
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Anticoagulation during Pregnancy 


Pregnancy is a hypercoagulable state, and anticoagulation during pregnancy is suggested for 
patients with a mechanical valve prosthesis, atrial fibrillation in the setting of structural heart 
disease, paradoxical embolism, antiphospholipid antibody syndrome with recurrent spontaneous 
miscarriage, and venous or pulmonary thromboembolic disease. 


Anticoagulation for atrial fibrillation during pregnancy can be accomplished safely with low- 
molecular-weight heparin; however, monitoring efficacy of therapy by measuring serum anti-Xa 
levels is recommended. Unfractionated heparin and warfarin can also be used for anticoagulation 
during pregnancy; meticulous monitoring and dose adjustment are recommended. 


Pregnant women with mechanical prosthetic valves represent a high-risk subset with a 
substantial risk of valve thrombosis and increased fetal risk. Anticoagulation for the pregnant 
patient with a mechanical valve prosthesis is controversial. Continuous therapeutic levels of 
anticoagulation should be administered during pregnancy, and blood levels should be 
meticulously monitored. 


Prolonged unfractionated heparin use in pregnant women with mechanical valve prostheses may 
increase the risk of thromboembolic complications, including fatal valve thrombosis. The dose of 
unfractionated heparin must be carefully monitored and adjusted to the activated partial 
thromboplastin time; the level of anticoagulation should be adjusted according to the type of 
valve prosthesis. Unfractionated heparin is the anticoagulant of choice around the time of 
delivery as it can be stopped or reversed should bleeding occur. 


Warfarin crosses the placenta, increasing the risk of spontaneous abortion, prematurity, 
embryopathy, stillbirth, and fetal intracranial hemorrhage. Many centers outside the United 


States still recommend the standard approach of warfarin use throughout pregnancy until near 
term, however, which provides the lowest risk for maternal complications and death. 


Low-molecular-weight heparins do not cross the placenta and are not teratogenic. However, 
prosthetic valve thrombosis has been reported in pregnant patients with valve prostheses. If these 
agents are used, serum anti-Xa levels must be carefully monitored. 


The latest guidelines on management of anticoagulation during pregnancy conclude that 
unfractionated heparin, low-molecular-weight heparin, or warfarin may be used for 
anticoagulation of pregnant women with mechanical heart valves. Suggested approaches to 
anticoagulation in pregnant women with mechanical valves are shown in Figure 32. 


Prepregnancy to week 6 
Warfarin 


Weeks 6-12 


UFH (IV or SQ) or 
LMWH (SQ ) or 
Warfarin (* fetal risk) 


Anticoagulation must be continuously 
monitored as follows: 


Weeks 13-37 


UFH (IV or SQ) or 
LMWH (SQ) or = LMWH: anti Xa 0.7-1.2 U/mL 4-hour post-dose 


= UFH: aPTT at least twice control 


Warfarin 
= Warfarin: INR 3 (range 2.5-3.5) 


Week 37 to delivery 


= Stop LMWH, warfarin, or SQ UFH 
= Start continuous IV UFH 
= Planned delivery 


Post-delivery 


= Restart warfarin when 
bleeding controlled 

= Continue IV UFH 
until INR therapeutic 


Figure 32. Anticoagulation for Prosthetic Valves in 
Pregnancy. 


aPTT = activated partial thromboplastin time; IV = intravenous; LMWH = low-molecular-weight 
heparin; SQ = subcutaneous; UFH = unfractionated heparin. 


Recommendations from Bonow RO, Carabello BA, Canu C, et al; American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines; Society of 
Cardiovascular Anesthesiologists; Society for Cardiovascular Angiography and Interventions; 
Society of Thoracic Surgeons. ACC/AHA 2006 guidelines for the management of patients with 
valvular heart disease: report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines for 
the Management of Patients With Valvular Heart Disease). Circulation. 2006;114:457. [PMID: 
16880336] 
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Approach to the Patient with Dermatologic Disease 


e The Thorough Dermatologic Examination 
e Diagnostic Tests and Procedures 


e Dermatologic Referral 


Key Points 


e The most important goals of the dermatologic examination are to recognize the primary 
lesion and to identify the distribution or pattern of cutaneous involvement. 

e The proper selection of a skin biopsy technique and the accurate interpretation of the 
pathology report are dependent upon the ability to generate an informed pretest 
differential diagnosis. 

e An excisional biopsy is the diagnostic test of choice for a pigmented lesion suspicious for 
melanoma. 

e Patients who present with erythroderma, skin pain, or widespread purpura, pustules, 
vesicles, or blisters should receive emergent referral to a dermatologist. 
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The Thorough Dermatologic Examination 


Patients with no dermatologic symptoms do not require routine screening for skin cancer 
according to recommendations by the U.S. Preventive Services Task Force, because there is 
insufficient evidence showing that such screening by primary care physicians results in reduced 
morbidity and mortality. However, patients who present with dermatologic symptoms or a 
significant dermatologic history should undergo a thorough physical examination, beginning 
with a complete history. 


The exhaustive history should include the time of onset and duration of symptoms, associated 
symptoms, aggravating or relieving factors, prior episodes, and previous therapies. A review of 
systems is important in determining whether the skin condition is a manifestation of an 
underlying systemic disease. For example, erythema nodosum in a patient with a productive 
cough might suggest tuberculosis infection as the cause of the skin lesions. Review of 
medications (including topical, oral, prescription, over-the-counter, and herbal medications), as 
well as any alterations to medication regimens and level of adherence to a previously prescribed 
topical regimen, is important in determining whether the patient's skin complaint is a 
manifestation of a drug reaction. 


Medical, family, and social history also figure prominently in the dermatologic evaluation 
because certain skin conditions are associated with underlying diseases (such as vitiligo and 
autoimmune thyroid disease), have a genetic component (such as atopic dermatitis), or are 
associated with or exacerbated by social habits or exposures (such as palmoplantar psoriasis and 
smoking). 


The most important goals of the dermatologic evaluation are to recognize the primary lesion 
(Table 1) and to identify the distribution or pattern of cutaneous involvement. A complete 
cutaneous examination includes evaluation of the scalp, hair, mucous membranes, nails, 
genitalia, palms, and soles. This is important even in patients in whom only one area of 
involvement is noted, because diagnostic clues may be found at sites other than that of the 
presenting lesion. For example, in evaluating the relatively common presenting symptom of “nail 
fungus,” physicians should inspect the areas of the body typically affected by psoriasis, such as 
the scalp, postauricular areas, elbows, knees, umbilicus, and gluteal cleft, which might lead to 
findings suggestive of psoriatic nail involvement rather than a fungal infection. 


To maximize visual inspection of the skin, the physician should ensure that the patient is 
undressed, the lighting is bright, and the examination table allows maneuvering on all sides. 
Close attention should be given to the entire skin surface, and each lesion identified during the 
examination should be noted. The primary lesion (the lesion that clinically represents the 
pathophysiologic changes occurring in the skin) should be identified after the entire skin surface 
and mucous membranes have been examined. Distinguishing primary from secondary lesions is 
one of the most important and potentially difficult parts of the skin examination. Secondary 
lesions are modifications, usually made by the patient, of the primary lesion (Table 2). 
Excoriations around itchy lesions are common secondary changes. In patients with extensive 
secondary changes, finding a primary lesion may be difficult. Diagnostic details of lesions that 
should also be noted are color, configuration, and grouping. Definitions of selected dermatologic 
terms are listed in Table 3. 


The next step in the complete skin examination is to note the distribution and pattern of 
dermatologic involvement and the areas of the body that are spared. Identifying the distribution 
of an eruption is important, as particular dermatologic diseases tend to favor or spare certain 
areas of the body. For example, erythema multiforme minor and syphilis favor the palms and 
soles; atopic dermatitis favors flexural areas; pityriasis rosea favors the upper trunk. 


Table 1. Primary Dermatologic Lesions 


Primary Definition Common 
Lesion Example 

Macule Nonpalpable lesion <1 cm in diameter Freckle 

Patch Nonpalpable lesion >1 cm in diameter; macules may coalesce into Tinea versicolor 
patches 

Papule Palpable lesion <1 cm in diameter Red bumps of 

acne 

Plaque Palpable lesion >1 cm in diameter; papules may coalesce into Psoriasis 
plaques 

Pustule Lesion that contains purulent fluid Folliculitis 

Vesicle Lesion <1 cm in diameter that contains clear fluid Chickenpox 

Bulla Lesion >1 cm in diameter that contains clear fluid; the bulla may Poison ivy 


be tense or flaccid and may be on a base of normal or erythematous contact 


skin dermatitis 


Nodule Firm papule or plaque that is deeper in the skin; the overlying skin Erythema 
may be erythematous, ulcerated, or normal in appearance; deep nodosum 
nodules may be palpable but not visible at the skin surface 


Table 2. Secondary Dermatologic Lesions 


Secondary Definition 
Lesion 
Erosion Superficial defect in the skin surface to the level of the epidermis or superficial 


dermis; linear erosions are termed “excoriations” and result from the patient 
scratching the skin surface, either because of pruritus (most common) or 
psychogenic disease; annular erosions may be the only indication of a primary 
vesiculobullous disease 

Ulcer Defect in the skin surface that extends to the level of the dermis or deeper 

Lichenification Thickening of the skin with exaggeration of skin markings; suggests chronic 
rubbing or scratching 

Verruca Lesion with papillomatous or warty changes on the surface 

Purpura Purple, nonblanching lesions caused by hemorrhage into the skin; may be 
pinpoint (petechiae), macular, papular, vesicular, or pustular; palpable purpura 
is the classic presentation of small-vessel vasculitis 


Table 3. Dermatologic Lexicon 


Description Definition 
Annular Ring shaped 
Arcuate Arc shaped 
Serpiginous Wavy or snakelike 
Guttate Drop shaped 
Scalloped Having a curvilinear border like a seashell 


Morbilliform Generalized, 2-to 5-mm, erythematous macules and/or papules; lesions are found 
more often on the trunk than the extremities; measles-like; preferred term over 
“maculopapular” 


Scarlatiniform Pinpoint, rough, sandpaper-like papules; classic for scarlet fever 

Reticulated Netlike; may be macular or scaly, erythematous, hyperpigmented, or purpuric 
Sclerotic Thickened (indurated) and firm 

Erythrodermic Erythema of >90% of the skin surface 

Follicular Centered around a hair follicle 
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Diagnostic Tests and Procedures 


Laboratory and radiographic tests are typically performed in patients with skin complaints when 
an association with an underlying systemic disease is suspected (for example, a fasting lipid 
profile in a patient with a xanthoma) or when a skin condition itself may have systemic 
manifestations (for example, urinalysis to evaluate for renal disease in a patient with cutaneous 
signs of systemic lupus erythematosus). 


Common bedside diagnostic tests performed on skin scrapings include the potassium hydroxide 
(KOH) test for fungi or yeast, Tzanck preparation for herpesvirus infection, oil preparation for 
scabies, Gram stain for bacteria, and cultures for bacterial and viral infections. These tests are 
easy to perform and have minimal reagent and equipment requirements; however, skill and 
experience are necessary for accurate and reliable interpretation. 


The skin biopsy is perhaps the most useful diagnostic tool available in the evaluation of a 
dermatologic disease. Clinicopathologic correlation and the ability of the physician performing 
the biopsy to accurately interpret the pathology report are essential. In general, if there is a 
reasonable working differential diagnosis for the presenting skin complaint, a skin biopsy will 
likely yield useful information. Rather than performing an uninformed biopsy, clinicians should 
refer patients to a dermatologist if a differential diagnosis cannot be generated clinically. It is 
rare for a skin biopsy to be absolutely contraindicated. An infected site usually should not be 
biopsied unless the infection is the indication for the procedure. Patients with bleeding disorders 
or those taking warfarin or clopidogrel should be referred to a specialist for the biopsy. 


Selecting the appropriate type of skin biopsy (shave, punch, or excisional), as well as the best 
site to sample within a particular skin lesion, is one of the most important aspects of the 
dermatologic evaluation and requires some knowledge of the diagnostic possibilities. A shave 
biopsy is usually adequate for inflammatory conditions in which the histopathologic findings are 
in the superficial dermis or epidermis; these types of conditions present as a patch or thin plaque 
with or without overlying scale and include eczema, psoriasis, cutaneous T-cell lymphoma, basal 
cell carcinoma, and squamous cell carcinoma. If deeper pathology, whether inflammatory or 
malignant, is suspected (such as sarcoidosis, granuloma annulare, and metastatic cancer), a 
punch biopsy is recommended. For annular lesions, biopsy of the lesion's border is of higher 
yield than a biopsy of the lesion's central area of clearing. An excisional biopsy is usually 
performed in the evaluation of a pigmented lesion to rule out a melanoma. Because the depth of 
the lesion is the most important prognostic indicator for a patient with a suspected melanoma, it 
is best, whenever possible, to completely excise the entire lesion to the level of the fat. Removal 
of small pigmented lesions by deep shave excision is also acceptable; however, care must be 
taken to shave deeply enough to clear the inferior margin. If the lesion is too large for complete 
excision or if it is in a cosmetically sensitive area such as the face, a punch biopsy down to the 
level of the fat of the most suspicious area can be performed. However, performing a partial 
biopsy of a suspected melanoma confers a risk of failure to establish the diagnosis. Because the 
consequences of improper sampling can be dire, dermatologic referral for the evaluation of a 
pigmented lesion may be the best approach. 
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Dermatologic Referral 


A stable, chronic, inflammatory condition that fails to respond to first-line therapy (for example, 
psoriasis that no longer responds to topical corticosteroids) constitutes the need for a referral. A 
changing nevus, rapidly growing lesion, and any condition that may be associated with systemic 
involvement may be an indication for referral, particularly if the clinician is unsure of the 
diagnosis or proper management. Erythroderma, widespread skin pain, purpura, widespread 
vesicles or bullae, and necrotic eschars in an immunosuppressed patient may be signs of life- 
threatening conditions necessitating an emergent referral. Table 4 highlights signs and symptoms 
that may warrant emergent dermatologic referral. 


When requesting a dermatologic consultation, communicating a complete history, delivering an 
accurate morphologic description of the eruption or lesion, and formulating a specific question 
are fundamental to facilitating a referral and ensuring that a patient is seen in the appropriate 
time frame. It is also important to convey whether or not the consultation is routine, urgent, or 
emergent. 


Table 4. Symptoms or Signs Suggesting Emergent 
Dermatologic Referral 


Symptom or Sign Potential Diagnosis 
Acute erythroderma Drug hypersensitivity reaction, Stevens-Johnson 
syndrome, toxic epidermal necrolysis, toxic shock 
syndrome, staphylococcal scalded skin syndrome 


Widespread skin pain Stevens-Johnson syndrome, toxic epidermal necrolysis, 
toxic shock syndrome, staphylococcal scalded skin 
syndrome 

Widespread pustular eruption Drug eruption, pustular psoriasis 


Acute widespread vesicles, bullae, or Stevens-Johnson syndrome, toxic epidermal necrolysis, 
denudation (rupture of bullae leaving pemphigus vulgaris, bullous pemphigoid 

exposed dermis) 

Necrotic eschar in an Deep fungal infection 

immunosuppressed patient 

Widespread purpura in a netlike pattern Acute vascular compromise, disseminated intravascular 
with central necrosis (retiform purpura) coagulation 
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Therapeutic Principles in Dermatology 


e Topical Medications 
e Drug Safety in Pregnancy 


Key Points 


e Approximately 30 g of topical product are needed to cover the average body once. 

e Ointments are usually petrolatum-based, have more emollient effect than creams or 
lotions, and are particularly effective for vulvar dermatoses or when the skin requires 
additional barrier protection. 

e Lotions spread easily, are useful when treating large areas of the body, and dry the skin. 

e Foams and solutions spread easily, dry without significant residue, and are useful for 
treating dermatoses in hair-bearing areas. 

e Thinning of the skin is a common side effect of topical corticosteroid use. 

e Women of reproductive age who are being treated for dermatologic conditions should be 
consulted on their present or future plans for pregnancy. 

e Thalidomide and isotretinoin are extremely teratogenic and are strictly regulated by 
mandatory pregnancy prevention programs. 

e While corticosteroids are generally considered safe for use in pregnancy, they may 
accentuate striae formation. 
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Topical Medications 


When choosing the most appropriate prescription or over-the-counter dermatologic therapy, the 
diagnosis, location of the skin symptoms, and patient-related factors should be considered. The 
ideal medication is strong enough to effectively treat the disease but is not so strong as to cause 
unnecessary or avoidable side effects. Patients should be consulted on their preferred preparation 
(for example, ointment, cream, lotion), because the medication is unlikely to be used effectively 
if the patient considers its texture or feel to be disagreeable. Cost should also be considered, as it 
varies significantly among dermatologic medications depending on the preparation and whether 
or not a generic version is available. 


Treatment failure may occur when an insufficient quantity of a topical medication is prescribed. 
Approximately 30 g of topical product are needed to cover the average body once; 
proportionately smaller amounts are needed for localized areas. Most commercially available 
corticosteroids come in 30- to 60-g tubes; however, triamcinolone acetonide is usually available 
in larger quantities, including a 0.5-kg (1-Ib.) jar. Patient education, use of dosing devices, and 
prescription of a sufficient amount of medication may improve patient compliance and 
therapeutic outcomes. 


Emollients consist of moisturizers and occlusives and are useful in treating pruritic conditions 

such as dermatitis and xerosis (dry skin). Moisturizers, such as mineral oil, coconut oil, lactate, 
and urea, supply water to the skin. Occlusives, such as petroleum jelly, reduce water loss from 
the skin. 


Most topical corticosteroids are available in multiple preparations, including creams, ointments, 
and lotions; some also are available as solutions or foams, embedded in tape, and in an oil base. 
Creams are generally the most cosmetically acceptable corticosteroid product for treating most 
dermatoses because they do not feel greasy and they absorb well. Because corticosteroid creams 
often contain alcohols, they may sting if applied to open areas of skin. They contain 
preservatives that can rarely cause allergic contact dermatitis. Some creams are formulated to 
enhance their emollient effect. 


Ointments are usually petrolatum-based. They provide more emollient effect than creams or 
lotions but may be less cosmetically acceptable because of their greasy texture. Because the 
vehicle has an occlusive effect, a corticosteroid in ointment form is more potent than the same 
drug in cream or lotion form. Because ointments usually do not contain alcohols, they are less 
likely to sting when applied to open areas of skin. They do, however, commonly contain 
propylene glycol, which can be an irritant and a contact allergen. Ointments are particularly 
helpful when treating vulvar dermatoses or when the skin is irritated, as the alcohols in creams 
may sting. 


Lotions contain more water than oil and are thus easily absorbed into the skin. They spread 
easily and are useful when treating large areas of the body. The higher proportion of water to oil 
also helps dry the skin, which may be helpful in treating weepy, eczematous dermatoses. Gels 
have a similar drying effect. 


Foams spread easily and dry without significant residue. They are useful for treating dermatoses 
in hair-bearing areas, as are solutions. Their cost, however, may be higher than the equivalent 
liquid formulations. 


Topical corticosteroids are grouped according to potency; there is an approximately 1000-fold 
difference between the weakest and strongest formulations (Table 5). Milligram per milligram, 
halogenated corticosteroids are more potent (as measured by vasoconstriction ability) than 
nonhalogenated compounds and are associated with increased cutaneous and possibly systemic 
toxicity. 


Topical corticosteroids can be used safely on most areas of the body if the lowest effective dose 
is used and the duration of use is limited. However, local and systemic absorption of 
corticosteroids is a potential risk of their use, particularly with ultra—high-potency 
corticosteroids. Absorption of corticosteroids varies considerably among different body sites, 
largely due to differences in skin thickness and vascular supply of the area. Penetration is high 
on the face and scrotum and is low on the palms and soles. Absorption is enhanced on open or 
abraded skin as well as in the intertriginous skin folds, where natural occlusion enhances 
absorption. In general, it is recommended that no more than 50 g of an ultra-potent or 100 g of a 
mid—high-potency corticosteroid be used per week to avoid significant systemic absorption. 
Because of their greater skin surface area—to-weight ratio, children are at particular risk of 
systemic absorption from topical application of corticosteroids. 


Corticosteroids inhibit collagen production and can thin the skin, resulting in translucent skin, 
visible veins, and stretch marks (Figure 1 and Figure 2). Because of a loss of supportive 
structures around the blood vessels, atrophic skin bruises easily and may tear with minimal 
trauma (Figure 3). Areas at high risk for thinning of the skin include the face and intertriginous 
skin folds, including the axillary and inguinal folds. Use of low-potency, nonhalogenated 
corticosteroids is generally recommended in these areas. 


Hypothalamic-pituitary axis suppression has been reported as a result of topical application of 
corticosteroids, particularly class I agents. Rarely, use of topical corticosteroids can affect 
glucose control in patients with diabetes mellitus. Corticosteroids should be used with caution 
around the eyes, as absorption can potentially increase intraocular pressure. Allergic contact 
sensitization to corticosteroids is well recognized and is more common than was previously 
appreciated; while the vehicle has often been blamed, it is now clear that allergic reactions to the 
corticosteroid itself do occur. 


Combination corticosteroid-antifungal preparations should be used only when the diagnosis is 
clear and the use of both agents is indicated. Inflammatory tinea pedis, for example, might 
benefit from use of both medications simultaneously. They should not be used to compensate for 
diagnostic uncertainty, as the most readily available combination products contain medium- to 
high-potency corticosteroids that can cause skin atrophy or striae, even if used only for a short 
period of time. 


Figure 1. 


Cutaneous atrophy from chronic systemic corticosteroid use, characterized by thinned skin with 
“cigarette paper” wrinkling. 


Figure 2. 


Chronic use of topical corticosteroids can cause marked thinning of the skin, visible veins, and 
easy bruising and tearing (note scars). 


Figure 3. 


Ecchymoses from minimal trauma in a patient on chronic systemic corticosteroids. 


Table 5. Potencies of Selected Commonly Prescribed Topical 
Corticosteroids 


Class 1: Superpotent 

Clobetasol propionate 0.05% 

Betamethasone dipropionate ointment 0.05% 

Halobetasol propionate 0.05% 

Class 2: High Potency 

Augmented betamethasone dipropionate cream 0.05% (in optimized vehicle) 
Fluocinonide 0.05% 


Desoximetasone 0.25% 

Class 3: High Potency 

Betamethasone dipropionate cream 0.05% 
Betamethasone valerate ointment 0.1% 
Triamcinolone acetonide ointment 0.1% 
Triamcinolone acetonide cream 0.5% 
Fluticasone propionate ointment 0.05% 
Class 4: Medium Potency 
Triamcinolone acetonide cream 0.1% 
Hydrocortisone valerate ointment 0.2% 
Fluocinolone acetonide ointment 0.025% 
Fluticasone propionate cream 0.05% 
Class 5: Medium Potency 
Betamethasone valerate cream 0.1% 
Hydrocortisone valerate cream 0.2% 
Triamcinolone acetonide lotion 0.1% 
Fluocinolone acetonide cream 0.025% 
Class 6: Low Potency 

Betamethasone valerate lotion 0.05% 
Desonide cream 0.05% 

Fluocinolone acetonide cream 0.01% 
Fluocinolone acetonide solution 0.05% 
Class 7: Low Potency 

Hydrocortisone 0.5-1.0% 
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Drug Safety in Pregnancy 


Women of reproductive age who are being treated for dermatologic conditions should be 
consulted on their present or future plans for pregnancy. The pregnancy safety category of all 
medications, both systemic and topical, should be considered when prescribing to women who 
are pregnant, lactating, or trying to conceive (Table 6). 


Selected drugs to avoid during pregnancy and lactation are listed in Table 7. Isotretinoin, used 
for the treatment of nodulocystic acne, is extremely teratogenic; to prescribe or receive the drug, 
providers and patients must participate in a strictly regulated pregnancy prevention program 
called iPLEDGE. Thalidomide (used to treat chronic cutaneous lupus erythematosus and 
pyoderma gangrenosum, among other dermatologic conditions) is also teratogenic and has a 
similar mandatory program, the System for Thalidomide Education and Prescribing Safety 


(S.T.E.P.S.). Spironolactone (used for the treatment of acne) and oral contraceptives should be 
avoided in pregnancy because of potential risk to the development of the fetus. Tetracyclines can 
stain developing teeth and bone and are classified as pregnancy category D drugs. Topical and 
systemic corticosteroids are category C drugs; while corticosteroids are generally considered safe 
for use in pregnancy, they may accentuate striae formation. Use of most antihistamines is 
considered safe during pregnancy; however, use of hydroxyzine during the first trimester is 
contraindicated by the manufacturer. 
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- Table 6. U.S. Food and Drug Administration Categories 
for Drug Use in Pregnancy 


Category Description 

A Adequate, well-controlled studies in pregnant women have not shown an increased 
risk of fetal abnormalities. 

B Animal studies have revealed no evidence of harm to the fetus; however, there are no 
adequate and well-controlled studies in pregnant women. 
or 


Animal studies have shown an adverse effect, but adequate and well-controlled studies 
in pregnant women have failed to demonstrate a risk to the fetus. 


C Animal studies have shown an adverse effect and there are no adequate and well- 
controlled studies in pregnant women. 
or 
No animal studies have been conducted and there are no adequate and well-controlled 
studies in pregnant women. 


D Studies, adequate, well-controlled, or observational, in pregnant women have 
demonstrated a risk to the fetus. However, the benefits of therapy may outweigh the 
potential risk. 

X Studies, adequate, well-controlled, or observational, in animals or pregnant women 
have demonstrated positive evidence of fetal abnormalities. The use of the product is 
contraindicated in women who are or may become pregnant. 


- Table 7. Selected Pregnancy Category X Drugs to Avoid 
During Pregnancy and Lactation 


Acitretin 

Danazol 

Estrogens 
Finasteride 
Fluorouracil (5-fluorouracil) 
Flutamide 
Isotretinoin 
Methotrexate 
Stanozolol 
Tazarotene (topical) 
Thalidomide 
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Common Rashes 


Skin Changes from Scratching 
Eczemas 


Pigmented Purpuras 
Lichen Planus 
Psoriasis 

Erythema Multiforme 


Drug Reactions 
Seborrheic Dermatitis 


Pityriasis Rosea 


Key Points 


e Epicutaneous patch testing is the gold standard for the diagnosis of allergic contact 
dermatitis. 

e Topical or systemic corticosteroids are used for treatment of acute and chronic allergic 
contact dermatitis. 

e Avoidance of exposure to the allergen is key to treatment and prevention of recurrences 
of allergic contact dermatitis. 

e Venous stasis dermatitis is characterized by red, warm, potentially eczematous skin on 
the lower legs, particularly around the medial malleoli, and can clinically resemble 
cellulitis. 

e Chronic venous stasis is a common cause of leg ulcers. 


Venous stasis dermatitis should be treated with topical corticosteroids accompanied by 
compression therapy to minimize leg edema. 

Topical antibiotics should be avoided in the treatment of venous stasis dermatitis because 
of the risk for allergic sensitization. 

Atopic dermatitis usually affects persons with a personal or family history of other atopic 
conditions, such as asthma, allergies, or allergic rhinitis. 

Primarily a disease of childhood, atopic dermatitis can persist into adulthood as 
“eczema,” sensitive skin, or hand dermatitis. 

Skin care with regular use of emollients should be routine for patients with atopic 
dermatitis. 

Topical corticosteroids are first-line drug therapy for atopic dermatitis. 

Potential complications of atopic dermatitis include staphylococcal superinfection and 
eczema herpeticum. 

Wet work, exposure to harsh substances, or frequent hand washing often contributes to 
hand dermatitis, regardless of the underlying diagnosis. 

Treatment of hand dermatitis includes mid- to ultra-potent corticosteroids, avoidance of 
allergens and irritants, and regular use of emollients. 

The pigmented purpuras are a group of conditions characterized by petechiae, 
hyperpigmentation, occasional eczematous changes, and benign capillaritis in the skin. 
Treatment with low-potency topical corticosteroids may be helpful in resolving 
symptoms of the pigmented purpuras, although development of new lesions is common. 
Lichen planus is an autoinflammatory condition whose hallmark lesion is the pruritic, 
purple, polygonal papule. 

Lichen planus is associated with liver disease, particularly hepatitis C. 

Many drugs can cause lichenoid reactions, particularly angiotensin-converting enzyme 
inhibitors, thiazide diuretics, furosemide, and B-blockers. 

Initial treatment of lichen planus consists mainly of topical corticosteroids and topical 
immunomodulators (off-label use), but response is variable. 

Psoriasis most commonly is characterized by sharply marginated, scaly plaques on the 
elbows, knees, presacral skin, and scalp. 

Factors that may exacerbate psoriasis include stress, infection, and medications such as 
lithium and possibly B-blockers. 

Treatment of psoriasis depends on severity of disease and consists of topical therapy, 
phototherapy, and/or systemic therapy. 

Erythema multiforme is an acute, often recurrent, mucocutaneous eruption characterized 
by targetoid lesions. 

Recurrent episodes of erythema multiforme are often associated with herpes simplex 
virus infection. 

Treatment of erythema multiforme is primarily symptomatic. 

Drug reactions are most commonly caused by antibiotics (particularly penicillins, B- 
lactams, and sulfonamides), anticonvulsants, NSAIDs, thiazide diuretics, and allopurinol. 
Clinical features that are associated with severe drug reactions include confluent 
erythema, skin pain, facial edema, fever, lymphadenopathy, mucosal erosions, 
widespread blistering, purpura, necrosis, dyspnea, hypotension, elevated serum 
aminotransferase levels, lymphocytosis, and/or eosinophilia. 


e Seborrheic dermatitis is characterized by an inflammatory rash on the face and scalp that 
consists of greasy scale, redness, and sometimes papules and pustules. 

e Initial treatment of seborrheic dermatitis consists of low-potency corticosteroids, 
ketoconazole, sulfur-based products, and/or medicated shampoos. 

e Pityriasis rosea classically begins with a single herald patch before erupting in multiple 
smaller, scaly plaques on the torso. 

e Because pityriasis rosea is self-limited, no treatment is needed; however, mid-potency 
topical corticosteroids may improve pruritus. 
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Skin Changes from Scratching 


Acute and chronic changes in the skin can result from scratching. Linear excoriations are 
common in acutely itchy skin, and the tops of bumps may be superficially eroded. With repeated 
scratching, the skin becomes thickened and may be slightly scaly, and skin markings become 
accentuated (lichenification). Hyperpigmentation is common in dark skin. “Picker's nodules,” or 
prurigo nodularis, are firm, hyperkeratotic, often hyperpigmented nodules that arise in focal 
areas of repeated picking. Scarring or hypopigmentation from resolved lesions is commonly 
found in surrounding skin. Areas of skin that cannot be reached (such as the mid back) are 
usually spared. 
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Eczemas 


e Asteatotic Eczema 

e Contact Dermatitis 

e Venous Stasis Dermatitis 
e Atopic Dermatitis 

e Hand Dermatitis 
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Asteatotic Eczema 


499 


Also called “winter itch” or “eczema craquelé,” asteatotic eczema usually occurs on the anterior 
shins of older individuals with dry skin. Affected skin is red, dry, and cracked with multiple fine 
fissures that resemble cracks in porcelain (Figure 4). The dermatitis is more common in winter 
or in dry conditions. Frequent bathing with hot water and drying soaps may contribute to onset. 
Treatment consists of regular emollient use. Mid- to low-potency topical corticosteroids may 
minimize itching and facilitate healing. 


Figure 4. 


Fine, porcelain-like cracks on eczematous skin in a patient with asteatotic eczema 


Contact Dermatitis 


Contact dermatitis can be either irritant or allergic in nature, and distinguishing between the two 
can be difficult. Irritant contact dermatitis is a nonimmunologic, toxic reaction that results from 


exposure to harsh conditions or chemicals. Examples include chronic hand dermatitis 
(exacerbated by chronic washing and wet work), frictional dermatitis, and chronic lip licking. 


Allergic contact dermatitis (ACD) is a delayed-type hypersensitivity reaction that requires initial 
sensitization. The first reaction to an antigen may occur several weeks after exposure, but 
subsequent reactions usually develop within 24 to 48 hours of reexposure. Reactions often 
become more intense with repeated exposure. ACD is usually intensely itchy. In acute reactions, 
the skin is red, edematous, weepy, and crusted, and there may be vesicles or bullae (Figure 5). 
As the dermatitis becomes chronic, the skin becomes lichenified (thickened, with exaggeration of 
normal skin markings), scaly, and hyperpigmented (Figure 6). 


Exposure history and pattern of the rash may provide clues as to the causal allergen. For 
example, plants often cause linear lesions where they brush against the skin. However, not all 
rashes occur at the site of contact with the allergen. Eyelid dermatitis, for example, can result 
from allergen contact on the hands, in the hair, or elsewhere on the body. Because these are 
delayed-type reactions, exposure to the allergen may have occurred several days prior to onset of 
the rash, which makes identification of the allergen challenging. Plant allergens, such as urushiol 
in poison ivy, are the most common cause of ACD; other common allergens include fragrances, 
preservatives, metals, and chemicals used in the processing of rubber (Table 8). 


Epicutaneous patch testing is the gold standard for diagnosis of ACD (Figure 7). Patch testing 
should be performed to evaluate recurrent or recalcitrant dermatitis. ACD usually responds to 
mid- to high-potency topical corticosteroids. The topical immunomodulators tacrolimus and 
pimecrolimus may also be effective, but they are not U.S. Food and Drug Administration 
approved for this indication. Severe or widespread reactions may require systemic 
corticosteroids, which should be tapered over a 2- to 4-week period to prevent rebound reactions 
that may follow shorter courses. Avoidance of exposure to the offending allergen is essential, as 
there are no consistently effective desensitization protocols for these allergies. Commercially 
available barrier creams may help minimize exposure to urushiol in plants. 


Erythema and vesicles at the site of exposure to bacitracin in a patient with acute allergic contact 


dermatitis. 


Figure 6. 


Lichenified and hyperpigmented skin in chronic allergic contact dermatitis. 


Figure 7. 


Patch testing, with erythema and induration indicating allergic reactions to test chemicals. 


Table 8. Allergens with Most Frequently Positive Patch-Test 
Results 


Allergen Common Route of Patient Exposure 
Nickel sulfate Jewelry 
Neomycin Topical antibiotics 
Balsam of Peru (marker for Cologne or perfume 


fragrance allergy) 


Fragrance mix Most personal care products; products labeled “unscented” 
may contain masking fragrances 


Thimerosal (frequently positive, but Eye-care products (eyedrops, contact lens solutions); 
rarely relevant) preservative in some vaccines 


Sodium gold thiosulfate Jewelry; dental work 
Quaternium-15 (formaldehyde- Personal care products 


releasing preservative) 


Formaldehyde Personal care products 
Bacitracin Topical antibiotic; may cross-react with neomycin 
Cobalt chloride Blue paint; vitamin B12 (cyanocobalamin); may cross-react 


with other metals, including nickel 


Adapted from Pratt MD, Belsito DV, DeLeo VA, et al. North American Contact Dermatitis 
Group patch-test results, 2001-2002 study period. Dermatitis. 2004; 15(4):176-183. [PMID: 
15842061] 
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Venous Stasis Dermatitis 


Venous hypertension, chronic inflammation, and microangiopathy are thought to contribute to 
the development of venous stasis dermatitis. Stasis dermatitis affects the skin on the lower legs, 
particularly around the medial malleoli. Affected skin is red, warm, and may have eczematous 
changes (Figure 8). Distinguishing stasis dermatitis from bacterial cellulitis can be difficult, but 
bilateral involvement, absence of fever or leukocytosis, or minimal pain suggests stasis 
dermatitis. Other findings that support the diagnosis of stasis dermatitis include 
hyperpigmentation, hemosiderin deposition, and visible varicose veins. Stasis dermatitis can 
arise acutely; however, if accompanied by swelling and pain in the thigh or calf, the possibility 
of an associated deep venous thrombosis should be considered. Stasis dermatitis is diagnosed 
clinically. A biopsy can cause a nonhealing ulcer and therefore should be performed only if 
necessary to make the diagnosis. 


The skin and subcutaneous tissues thicken with chronic stasis dermatitis, resulting in 
lipodermatosclerosis (Figure 9). Ulceration is a potential complication, particularly following 
trauma (see Leg Ulcers). 


Stasis dermatitis is treated with low- to mid-potency topical corticosteroids. Topical antibiotics 
should be avoided, as allergic sensitization can occur. Leg edema must be minimized by leg 
elevation and compression therapy to facilitate healing and to help prevent recurrence of the 
dermatitis. Diuretics offer minimal benefit to patients whose edema results from venous 
insufficiency. Therapy with Unna boots worn over applied topical corticosteroids is helpful in 
the treatment of the acute dermatitis, and knee-high compression stockings that provide pressure 
of 20 to 40 mm Hg should be worn thereafter to help prevent recurrences. Compression should 
be avoided in patients with arterial insufficiency. Medications should be reviewed, because 
certain drugs, particularly calcium channel blockers and thiazolidinediones, can cause pedal 
edema. 


Figure 8. 


Skin in acute venous stasis dermatitis is red, warm, and scaly. 


Figure 9. 


Lipodermatosclerosis with ulcer, resulting from chronic thickening of the skin in chronic venous 
stasis dermatitis. 
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Atopic Dermatitis 


Atopic dermatitis (AD) primarily affects children, but it can continue into adulthood as persistent 
“eczema,” sensitive skin, and sometimes hand dermatitis. The pathogenesis of AD is thought to 
involve interaction of both genetic and environmental factors. AD is common in persons with a 
personal or family history of allergies, asthma, or allergic rhinitis. Adult AD characteristically 
involves the antecubital and popliteal fossae and flexural wrists (Figure 10). When AD is acute, 
the skin is pruritic and red with poorly demarcated, eczematous, crusted, papulovesicular plaques 
and excoriations. As the dermatitis becomes chronic, skin becomes lichenified with accentuated 
skin lines (lichen simplex chronicus) and, particularly in dark skin, hyperpigmentation. Many 
affected persons are intolerant of wool clothing and find clothing labels intolerably itchy. 


AD is diagnosed clinically. Elevated serum IgE levels and increased blood eosinophils support 
the diagnosis, and some patients have evidence of associated IgE-mediated allergies, particularly 
to dust mites, on radioallergosorbent or prick testing. The role of food allergies remains under 
investigation; some patients with AD have food allergies, and testing may be appropriate, 
particularly if patients note any exacerbation of their dermatitis by foods. Allergic contact 
dermatitis can also complicate the clinical picture. New onset of widespread eczematous 
dermatitis in an adult with no history of atopy can be caused by a drug eruption or, more rarely, 
cutaneous T-cell lymphoma. Biopsy may help distinguish between these diagnoses. 


Gentle skin care, including daily use of bland emollients, should be routine for all patients with 
AD. Once-daily topical corticosteroids are first-line drug therapy. The topical macrolide 
immunomodulators tacrolimus and pimecrolimus do not cause skin atrophy and may be preferred 
for use on the face (especially around the eyes) and in intertriginous areas, where there is higher 
risk for thinning of the skin. However, a potential increased risk of lymphoma associated with 
their use has relegated them to second-line therapy for moderate to severe AD. Sedating 
antihistamines may improve itching, particularly when used regularly. Anti-staphylococcal 
antibiotics may be of benefit if the skin is open and crusted or if there is documented evidence of 
bacterial superinfection. Patients with recalcitrant AD may require referral for systemic therapy; 
systemic agents include corticosteroids, mycophenolate mofetil, cyclosporine, and azathioprine. 


Community-acquired methicillin-resistant Staphylococcus aureus is being isolated with 
increasing frequency from the skin and nares of patients with atopic dermatitis and should be 
considered in patients with recalcitrant superinfection. Widespread, localized dissemination of 
herpes simplex virus infection, known as eczema herpeticum, can be a medical emergency, 
particularly when the face or eyes are involved. 


Figure 10. 


Atopic dermatitis with involvement of the flexures, especially the antecubital and popliteal 
fossae. 
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Hand Dermatitis 


Irritation, allergic reactions, and various dermatoses can cause hand dermatitis. Adults with AD 
may outgrow their childhood eczema but may subsequently develop hand dermatitis. Contact 


dermatitis, both allergic and irritant, is a frequent occupational cause of hand dermatitis. Allergic 
hand dermatitis in health care workers, for example, is often caused by allergy to rubber-related 
substances; reactions in cosmetologists are more commonly caused by hair dyes or chemicals 
used in permanent wave solutions. Clinical findings that suggest an allergic cause of hand 
dermatitis include involvement of the dorsal hands, finger web spaces, and skin on the volar 
wrists, particularly when the palms are spared. Wet work, chemical exposures, or friction may 
cause or worsen hand dermatitis, regardless of the underlying diagnosis. 


Several dermatoses can cause hand dermatitis, including dyshidrosis (or dyshidrotic eczema) 
(Figure 11), psoriasis, and tinea (dermatophyte) infections of the hands (Figure 12). Diagnostic 
clues are listed in Table 9. Scabies should also be considered, particularly in children who 
present with papules, pustules, and vesicles on the palms, web spaces, and the volar wrists. 


Diagnosing hand dermatitis can be difficult, as the results of a skin biopsy may be nonspecific. 
Patch testing should be considered. Scrapings for potassium hydroxide (KOH) examination and 
oil preparation for scabies should be performed when considering the diagnoses of fungi, yeast, 
or scabies. 


Treatment of hand dermatitis is similar to that of other eczematous dermatoses and involves the 
use of mid- to ultra-potent topical corticosteroids. Patients should avoid exposure to known 
allergens and irritants; protective gloves (preferably nonlatex) should be worn. Regular use of 
emollients is also essential. Patients with recalcitrant hand dermatitis may require referral and 
treatment with immunosuppressive medications, such as methotrexate, mycophenolate mofetil, 
or azathioprine, as well as some of the newer biologic agents. 


Figure 11. 


Dyshidrotic hand eczema, characterized by acute episodes of intensely pruritic small vesicles on 
the palms. 


Figure 12. 


Unilateral tinea manuum, presenting as diffuse hyperkeratosis of the left hand, particularly in the 
flexural creases. 


Table 9. Clinical Clues to the Diagnosis of Hand Dermatitis 


Diagnosis Clinical Clues 
Irritant Skin is red, dry, and hyperkeratotic with fissures; burning or pain is more 
dermatitis common than itching; rapid onset after exposure 
Allergic contact Erythema, edema, and papulovesicles are common; may involve dorsum of 
dermatitis hands and volar wrists; usually very itchy; delayed onset | to 3 days after 
exposure 
Dyshidrotic Involves palms and sides of fingers; recurrent episodes of tense, tapioca-like, 


eczema fluid-filled vesicles; very itchy 


Psoriasis Well-demarcated plaques on palms, often with discrete 2- to 3-mm pustules, 
collarettes of scale, and erythema; instep of plantar feet often involved; may 
have associated nail dystrophy 


Tinea manuum = Characteristically involves only one hand (and two feet); dry scale, collarettes 
may be present; can involve nails if chronic; diagnosis unlikely if feet not 
involved 
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Pigmented Purpuras 


The pigmented purpuras are a group of conditions characterized by petechiae, 
hyperpigmentation, and sometimes eczematous changes that usually appear on the legs (Figure 
13). While the clinical variants differ slightly, they share a common pathogenesis of capillaritis 
with minimal inflammation in the superficial dermal vessels. Most pigmented purpuras arise 
after adolescence or during adulthood. The lesions may be mildly pruritic or asymptomatic. The 
inflammation resolves over time and may leave behind persistent hyperpigmentation. The 
presence of petechiae may warrant a search for underlying thrombocytopenia or vasculitis; 
however, these conditions can usually be distinguished clinically. Rarely, cutaneous T-cell 
lymphoma can resemble pigmented purpura. A skin biopsy will clarify the diagnosis if it is 
unclear. 


Treatment with low-potency topical corticosteroids may be helpful in resolving symptoms, 
although development of new lesions is common even when corticosteroids are used. Use of 
compression stockings may be beneficial if there is associated venous disease and leg edema. 


Figure 13. 


Pigmented purpura with fine “cayenne-pepper” petechiae within pigmented patches of skin, 
usually appearing on the extremities. 
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Lichen Planus 


Lichen planus (LP) is an inflammatory skin disorder that can affect the skin, mucous membranes, 
scalp, and/or nails. LP occurs with increased frequency in patients with liver disease, particularly 
hepatitis C, although the reasons for this remain unclear. Many drugs can cause lichenoid 
reactions, particularly angiotensin-converting enzyme inhibitors, thiazide diuretics, furosemide, 
gold, antimalarials, d-penicillamine, and B-blockers (Table 10). Withdrawal of the offending 
drug usually results in resolution, but it may take weeks or even months. Allergy to dental gold 
or amalgams has been associated with oral LP, and removal of the offending metal has resulted 
in disease improvement in some patients. Graft-versus-host disease may manifest with findings 
similar to those of LP. 


The hallmark lesion of LP is the so-called pruritic, purple, polygonal papule; these papules are 
usually distributed symmetrically on the wrists, flexural aspects of the arms and legs, lower back, 
and genitalia. The papules are small and may be isolated or grouped together; they often develop 
along lines of prior trauma (Figure 14). A reticulated network of gray-white lines (Wickham 
striae) may be visible on the surface of the papules. The face, palms, and soles are usually 
spared; however, mucous membranes, including the lips, mouth, and vulva, are commonly 
involved. Common clinical findings in mucosal LP are a white-reticulated network on the buccal 
mucosa; desquamative gingivitis; and chronic, painful erosions on the oral or vulvar mucosa. 
There is an increased, albeit low, risk of squamous cell carcinoma in chronically affected 
mucosal lesions. LP in the nails causes dystrophy of some or all nails (known as twenty-nail 
dystrophy) and must be distinguished from other causes of onychodystrophy such as psoriasis 
and fungal infections. LP of the scalp can cause permanent scarring alopecia. 


The course of LP is variable and sometimes will spontaneously remit within 6 to 24 months of 
onset. The presence of pruritus and/or mucosal erosions usually necessitates treatment; however, 
the response is variable and often disappointing. Topical corticosteroids and topical 
immunomodulators are used (off-label) to treat both cutaneous and mucosal LP. Corticosteroids 
are available in a dental-paste preparation for intraoral application; however, some patients may 
prefer to use corticosteroid gels or ointments. Systemic corticosteroids effectively treat erosive 
mucosal disease, but relapse is common following discontinuation. Other systemic 
immunosuppressants, systemic retinoids, and phototherapy have been used with variable success 
to treat widespread or recalcitrant disease, and referral to a dermatologist is suggested when the 
disease fails to respond to treatment with topical therapy or requires prolonged courses of 
systemic corticosteroids. 


Treatment of LP nail involvement is difficult. Intralesional injections of corticosteroids may be 
effective but are painful. Variable response may be seen from application of ultra-high-potency 
corticosteroids applied nightly under occlusion. Nail symptoms may also improve with systemic 
therapy. 


Figure 14. 


Lichen planus with polygonal, purple papules that group along lines of prior trauma. 


Table 10. Clues to Distinguishing Between Lichen Planus 
and Lichenoid Drug Eruption 


Characteristic Classic Lichen Planus Lichenoid Drug Eruption 
Location Wrists, flexor forearms, lower legs, Can be generalized like a drug 
genitalia eruption 
Morphology Pruritic, purple-to-violaceous, polygonal More eczematous, psoriasiform, 


papules or scaly 


Photodistribution — Photodistribution is unusual Frequently photodistributed 


Mucosal Frequently involves mouth and genital Usually does not involve mucosa 
involvement mucosa 
Wickham striae Usually present Uncommon 


Adapted from Shiohara T, Kano Y. Lichen Planus and Lichenoid Dermatoses. In: Bolognia JL, 
Jorizzo JL, Rapini RP, eds. Dermatology. London: Mosby; 2003:175-198. Copyright © 2003, 
Elsevier. 
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Psoriasis 


e Epidemiology and Risk Factors 
e Clinical Manifestations 
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Epidemiology and Risk Factors 


Psoriasis is a lifelong condition that can have a significant negative impact on quality of life. It is 
one of the most common skin diseases, affecting roughly 2% to 3% of the general population. It 
most often appears in the second to third decade of life, but onset can occur at any age. 


Exacerbating factors include stress, infection, and medications such as lithium and possibly B- 
blockers. Psoriasis is associated with a higher risk of arthritis, obesity, metabolic syndrome, 
cardiovascular disease, and lymphoma, particularly in patients with severe disease. Recent 
reports suggest that weight loss and smoking cessation may lower the risk and/or severity of 
psoriasis. 
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Clinical Manifestations 


Psoriasis vulgaris most commonly is characterized by sharply marginated, scaly plaques on the 
elbows (Figure 15), knees, presacral skin (Figure 16), and scalp. Disease can be limited or 
widespread. There are several clinical variants of psoriasis: guttate, palmoplantar, and pustular. 
Guttate psoriasis is characterized by small, droplike, scaly plaques. It most often occurs in 
children and adolescents and is frequently triggered by prior infection, particularly streptococcal 


infection. Palmoplantar psoriasis, although localized, may be difficult to manage and may 
interfere with activities of daily living. Pustular psoriasis has a generalized and localized variant. 
Generalized pustular psoriasis can be life threatening and frequently occurs following 
withdrawal of systemic corticosteroids (Figure 17). Localized pustular psoriasis is observed on 
the palms and soles and may be triggered or exacerbated by tumor necrosis factor a (TNF-a) 
inhibitor therapies (Figure 18). 


The nails are often affected in patients with psoriasis (Figure 19). Nail involvement correlates 
with a greater risk of accompanying psoriatic arthritis. The nail changes must be differentiated 
from onychomycosis. 


Psoriasis on the scalp usually consists of erythematous, scaly plaques. Plaques may be sharply 
marginated; however, it may be difficult to distinguish psoriasis from seborrheic dermatitis when 
there is diffuse scaling. 


Patients with psoriasis may rarely present with a generalized erythroderma (see Selected 
Dermatologic Emergencies). 


Figure 15. 


Sharply marginated plaques and micaceous scale on the elbow in a patient with psoriasis. 


Figure 16. 


Large, sharply marginated, erythematous plaque on the lower back in a patient with psoriasis. 
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Figure 17. 


Generalized pustular psoriasis in a patient who had accompanying fever and leukocytosis. 


Figure 18. 


Localized pustular psoriatic lesions in a patient treated with etanercept for rheumatoid arthritis. 


Figure 19. 


Nail changes in psoriasis, with prominent onycholysis (separation of nail plate from nail bed). 


Diagnosis and Management 


Psoriasis is diagnosed clinically. Histopathologic examination is rarely, if ever, needed. Psoriasis 
can be mimicked by chronic dermatitis, lichen planus, the papulosquamous variant of subacute 
cutaneous lupus erythematosus, and occasionally dermatomyositis. In doubtful cases, the latter 
three diagnoses can be distinguished from psoriasis on the basis of histopathology. 


Patients with mild to moderate disease can generally be managed with topical therapy, while 
patients with moderate to severe disease may require systemic therapy. Topical therapy should 
be prescribed even when a systemic therapy is used. For patients who have more widespread 


disease or who fail to respond to topical therapy, the choice of therapy is phototherapy or a 
systemic agent. The choice of a systemic therapy should take into consideration all of the 
patient's characteristics and his or her level of desire for risk. 
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Topical Therapy 


Topical therapies include topical corticosteroids, combination calcipotriene and betamethasone 
ointment, tazarotene, and anthralin. Topical therapies are impractical if more than 5% of the 
body surface area is affected or if the patient requires multiple preparations. Calcipotriene with 
betamethasone ointment may be applied once daily and appears not to result in atrophy; 
however, long-term therapy should be carefully monitored. 
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Phototherapy 


Phototherapy may be an appropriate choice for patients with widespread or recalcitrant disease 
who do not desire or are not good candidates for systemic therapy. Because it requires two to 
three treatments per week in the provider's office and may involve separate patient copayments, 
it may be too inconvenient or expensive for some patients. Home ultraviolet B (UVB) light units 
may be appropriate for selected patients. In addition, although remission of the skin disease is 
possible, phototherapy has little effect on accompanying systemic disease, including arthritis. 
Narrowband UVB phototherapy appears to be safer than conventional broadband UVB. The 
combination of the photosensitizing agent psoralen and UVA light (PUVA) is associated with an 
increased risk of developing both nonmelanoma and melanoma skin cancers. UVA tanning beds 
are a poor choice for treatment of psoriasis because the wavelength of light is not very effective 
without a photosensitizing agent. 
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Systemic Therapy 


Systemic therapies for psoriasis include methotrexate, acitretin, cyclosporine, and biologic 
agents. Methotrexate is a standard therapy for widespread psoriasis and psoriatic arthritis. Its 
risks include bone marrow toxicity and hepatotoxicity. Bone marrow toxicity is dose related and 
occurs more frequently in patients with poor renal function or in those treated with drugs that 
block dihydrofolate reductase (such as trimethoprim) or that decrease renal function (such as 
indomethacin). The risk of methotrexate-associated hepatotoxicity is greater in patients who 
drink alcohol, are obese, and/or have diabetes mellitus. Methotrexate is approved for use in 
combination with etanercept, infliximab, and adalimumab for treatment of psoriatic arthritis; 


methotrexate is also frequently used in combination to treat psoriasis (off-label). The need for 
liver biopsy to monitor for methotrexate toxicity remains controversial. Some experts now 
recommend that liver biopsies may not be indicated or the frequency of liver biopsies may be 
markedly reduced in patients without risk factors for hepatic fibrosis. However, because patients 
with psoriasis often have comorbidities that increase the risk of fibrosis, the dermatology 
community continues to recommend interval liver biopsies in patients receiving methotrexate. 
Methotrexate is teratogenic and should be stopped at least 3 months prior to conception. 


Acitretin is a vitamin A derivative that is approved for treatment of psoriasis. It is particularly 
useful when combined with phototherapy but may also be used alone. Patients taking acitretin 
should be monitored monthly for the first 3 months, then quarterly, for hypertriglyceridemia and 
liver enzyme elevation. Excessive ingestion of vitamin A from other sources must be avoided to 
prevent hypervitaminosis A. Acitretin does not adequately treat psoriatic arthritis. 


Cyclosporine is one of the most effective forms of systemic therapy for psoriasis; however, its 
long-term use is associated with unacceptable renal toxicity. Its use has therefore been relegated 
to acute situations in which rapid control of disease is warranted. 


Biologic agents target pathogenetic abnormalities that occur in psoriasis, including T-cell 
activation and trafficking (alefacept), and excess production of TNF-a (etanercept, infliximab, 
and adalimumab). The TNF inhibitors have multiple potential adverse events that are agent 
specific, including injection site or infusion reactions, infection (including reactivation 
tuberculosis, often extrapulmonary), demyelinating disease, heart failure, malignancy, induction 
of autoimmunity, and increased risk for melanoma. It appears that roughly 45% to 50% of 
patients treated with any one of these TNF inhibitors will have continued clinically significant 
responses at 2 to 3 years. Alefacept has not gained widespread use for the treatment of psoriasis 
because of its relative poor response rate, and it is not useful for psoriatic arthritis. Alefacept, 
etanercept, infliximab, and adalimumab are all pregnancy category B. 
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Erythema Multiforme 


Erythema multiforme (EM) is an acute, often recurrent mucocutaneous eruption that usually 
follows an acute infection, most frequently recurrent herpes simplex virus (HSV) infection. It 
may also be idiopathic or drug related. EM has also been reported to complicate poison ivy 
dermatitis. 


Lesions range in size from several millimeters to several centimeters and consist of erythematous 
plaques with concentric rings of color (Figure 20). The dusky center may become necrotic and 
can form a discrete blister or eschar. Few to hundreds of lesions develop within several days and 
are most commonly located on the extensor surfaces of the extremities, particularly the hands 
and feet. Lesions occur less frequently on the face, trunk, and thighs. Mucosal lesions are present 
in up to 70% of patients and involve the cutaneous and mucosal lips, gingival sulcus, and the 
sides of the tongue (Figure 21). Mucosal lesions consist of painful erosions or, less commonly, 


intact bullae. The conjunctival, nasal, and genital mucosal surfaces can also be affected. Patients 
may have low-grade fever during an EM outbreak. Lesions usually last 1 to 2 weeks before 
healing, although hyperpigmentation may persist. Recurrences are common, particularly in HSV- 
associated cases. 


Treatment of EM is primarily symptomatic. Systemic corticosteroids may provide symptomatic 
improvement but may be associated with complications. Antiviral therapy does not shorten the 
EM outbreak in HSV-associated cases, but continuous prophylactic antiviral therapy may help 
prevent further episodes. 


Figure 20. 


Erythema multiforme, with classic targetoid lesions on the palms, soles, and skin. 
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Figure 21. 


Painful mucosal erosion of the lip in a patient with erythema multiforme. 
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Drug Reactions 


Almost all drugs have the potential for cutaneous toxic reactions. Cutaneous drug reactions are 
common, but most are self-limiting and are not severe. Many patients with drug reactions 
(particularly those with severe reactions) have a genetic predisposition. Drug eruptions are more 
likely to occur in patients who are immunosuppressed. Drug reactions have also been linked to 
an accompanying viral infection, particularly human herpesvirus 6. 


Recognition of severe cutaneous adverse reactions (SCAR) is important because these reactions 
are potentially life threatening and can be treated. Clinical features that are associated with 
severe drug reactions include confluent erythema, skin pain, facial edema, fever, 
lymphadenopathy, mucosal erosions, widespread blistering, purpura, necrosis, dyspnea, and 


hypotension. In addition, elevated serum aminotransferase levels, lymphocytosis, and/or 
eosinophilia may occur in association with SCAR. 


Drug reactions commonly have an identical presentation to naturally occurring disease; for 
example, drug-induced cutaneous vasculitis will have identical clinical findings to those of 
vasculitis that follows an infection. Therefore, skin biopsy is unlikely to identify the eruption as a 
drug reaction. Skin biopsy is rarely, if ever, useful in confirming that a drug is the cause of an 
eruption. 


The most common reaction patterns include morbilliform reactions (Figure 22), urticaria, fixed 
drug eruptions (Figure 23), photosensitivity, and erythema multiforme-—like reactions. Table 11 
describes the causes and management of these common drug reaction patterns. Miscellaneous 
patterns account for roughly 15% to 20% of reactions. Table 12 includes some of the newly 
described drug reactions. Dermatologic findings in subacute cutaneous lupus erythematosus and 
eczema-like reactions are shown in Figure 24 and Figure 25, respectively. 


Identification of the causative drug is based upon analysis of the patient's drug exposure and the 
reaction patterns associated with a specific drug or drug class. Drug reactions can occur within 
days or up to 2 months after exposure to the causative medication. The most common causative 
drugs are antibiotics (particularly penicillins, B-lactams, and sulfonamides), anticonvulsants, 
NSAIDs, thiazide diuretics, and allopurinol. Drug eruptions are rarely caused by digitalis, 
antacids, acetaminophen, diazepam, antihistamines, iron, and insulin. 


The reactions that are generally classified within the spectrum of SCAR include acute 
generalized exanthematous pustulosis (AGEP), Stevens-Johnson syndrome/toxic epidermal 
necrolysis (see Selected Dermatologic Emergencies), drug reaction with eosinophilia and 
systemic symptoms (DRESS, also known as hypersensitivity syndrome), and vasculitis (see 
Cutaneous Manifestations of Internal Disease). 


AGEP is characterized by acute onset of widespread pustules, fever, leukocytosis, and possibly 
eosinophilia (Figure 26). AGEP often resembles pustular psoriasis, but affected patients rarely 
have a history of psoriasis. The most common causative drugs include B-lactam antibiotics, 
ampicillin/amoxicillin, fluoroquinolones, antimalarial agents, sulfonamide antibiotics, 
terbinafine, and diltiazem. AGEP is usually self-limiting and clears without residual sequelae 
roughly 2 weeks after drug cessation. More serious reactions have been reported but are rare. 


DRESS is characterized by a generalized papular eruption (Figure 27), facial edema (Figure 
28), fever, arthralgia, and generalized lymphadenopathy. Patients also commonly have elevated 
serum aminotransferase levels, eosinophilia, and lymphocytosis. The most common causative 
drugs include anticonvulsants (reactions are more prevalent in black patients), sulfonamides, 
minocycline, abacavir, and allopurinol. There appears to be a genetic predisposition. In addition, 
there has been a link to concurrent infection with human herpesvirus 6 in patients with DRESS. 
Treatment with corticosteroids or intravenous immune globulin appears to effectively shorten the 
disease course. A long-term consequence of DRESS is the development of hypothyroidism. 


Figure 22. 


Morbilliform drug eruption consisting of symmetrically arranged erythematous macules and 
papules, some discrete and others confluent, caused by vancomycin. 


Figure 23. 


Fixed drug eruption, in which hyperpigmented annular lesions recur in exactly the same location 
with each reexposure to the offending drug. 


Figure 24. 


Subacute cutaneous lupus erythematosus, characterized by discrete erythematous papular lesions 
and scaly plaques, induced by terbinafine. 


Figure 25. 


Eczematous drug eruption in a patient taking a calcium channel blocker. 


Figure 26. 


Acute generalized exanthematous pustulosis caused by an antibiotic. 


Figure 27. 


Generalized papular eruption in a patient with drug reaction with eosinophilia and systemic 
symptoms (DRESS). 


Figure 28. 


Acute facial edema in a patient with anticonvulsant-induced drug reaction with eosinophilia and 
systemic symptoms (DRESS). 


Table 11. Common Drug Reaction Patterns 


Drug Reaction Most Common Causative Management (Other Comments 
Pattern Drugs Than Drug Cessation) 

Morbilliform Penicillin and other ß- Antihistamines for All patients with Epstein- 
lactam antibiotics, pruritus and topical Barr virus or 
carbamazepine, allopurinol, corticosteroids cytomegalovirus 
gold infection will develop 


rash if given ampicillin 
or amoxicillin 
Urticaria Antibiotics and most Antihistamines and In some patients, 
classes of other drugs, epinephrine; urticaria may be 
including radiocontrast corticosteroids for associated with systemic 


Fixed drug 
eruption 


Photosensitivity 


Erythema 
multiforme—like 
reaction 


agents 
Phenolphthalein, 


tetracyclines, sulfonamides, 


metronidazole, anti- 
inflammatory drugs, 


barbiturates, oral 


contraceptives, quinine 
(including tonic water) 


Amiodarone, thiazides, 


tetracyclines, furosemide, 


phenothiazines, 


sulfonamides, psoralens 
Sulfonamides, phenytoin, 


barbiturates, penicillin, 


allopurinol 


severe reactions 


Potent topical 
corticosteroids 


Antihistamines, topical 


corticosteroids 


Antihistamines; 
systemic 


corticosteroids are 
often used for severe 


reactions, but 


effectiveness is not 


established 


anaphylaxis 
Peas, beans, and lentils 
have also been implicated 


Can occur with light 
exposure through 
windows 


Mucous membrane 
involvement is common; 
ocular involvement can 
lead to blindness; severe 
reactions can be life- 
threatening 


Table 12. Selected Newly Described Cutaneous Drug 


Reactions 


Drug Reaction 


Pattern 


Acneiform reaction Epidermal growth factor 


New-onset 
psoriasiform 
eruptions 


SCLE 


Most Common 
Causative Drugs 


inhibitors 


Tumor necrosis factor 
inhibitors (primarily in 
patients with Crohn 
disease or rheumatoid 
arthritis) 
Hydrochlorothiazide, 
terbinafine, calcium 
channel blockers, 
angiotensin-converting 
enzyme inhibitors 


Management 
(Other Than 
Drug Cessation) 


Topical and/or 
oral antibiotics 


Potent topical 
corticosteroids, 
methotrexate 


Topical and/or 
oral 
corticosteroids, 
antimalarial 
agents 


Comments 


This is not true acne but rather 
is a follicular reaction; the 
occurrence and severity of the 
reaction are predictive of 
responsiveness to therapy 


Reaction pattern is often a 
pustular reaction of the palms 
and soles; reaction is likely not 
classic psoriasis 


Roughly 15% of SCLE cases 
are potentially caused by a 
drug; lupus erythematosus may 
be activated in a patient 
predestined to develop the 
disease; patients with this 
reaction frequently are anti- 


Ro/SSA positive and rarely 
have anti-histone antibodies 


Dermatomyositis- Hydroxyurea, statins None Patients present with Gottron 

like eruptions papules more often than other 
cutaneous manifestations of 
dermatomyositis; 


accompanying muscle disease 
is rare with hydroxyurea but 
may occur with statins 


Sweet syndrome Imatinib, oral Oral Drug-induced Sweet syndrome 
(acute febrile contraceptives, GCSF, corticosteroids is rare 

neutrophilic all-trans retinoic acid 

dermatosis) 

Eczema-like Calcium channel blockers Topical — 

reactions corticosteroids 


SCLE = subacute cutaneous lupus erythematosus; GCSF = granulocyte colony-stimulating 
factor. 
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Seborrheic Dermatitis 


Seborrheic dermatitis is a common inflammatory skin disease that most often affects sebaceous- 
gland-rich areas of the scalp and face. Seborrheic dermatitis in the scalp resembles severe 
dandruff. Lesions on the skin are pink to red with greasy scale, crusts, and occasionally small 
pustules (Figure 29). The most common areas of involvement include the nasolabial folds, 
cheeks, and medial eyebrows; the external auditory canals, skin behind the ears, and mid chest 
can also be involved. Intertriginous areas and perianal skin are less commonly affected. 


Seborrheic dermatitis is more common in persons with neurologic diseases, including Parkinson 
disease, as well as those with HIV infection; however, most affected persons are healthy. Large 
amounts of the lipophilic yeast Malassezia furfur can be isolated from affected skin and are 
thought, along with high sebum levels and individual sensitivity, to contribute to the cause of the 
dermatitis. 


Seborrheic dermatitis responds to low-potency corticosteroids and/or ketoconazole 2% cream. 
Sulfur-based products are effective but are less acceptable cosmetically. Recalcitrant disease may 
benefit from off-label use of topical tacrolimus or pimecrolimus. Medicated shampoos 
containing zinc pyrithione, tar, selenium sulfide, or ketoconazole can be used regularly until the 
dermatosis is controlled and then can be used several times a week to help prevent recurrences. 


Figure 29. 


Seborrheic dermatitis, with fine, oily scale around the medial eyebrows and nasolabial folds. 
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Pityriasis Rosea 


Pityriasis rosea is a common papulosquamous eruption whose cause remains uncertain but has 
been linked to reactivation of human herpesvirus 6 or 7. Pityriasis rosea most commonly occurs 
during the spring or fall and classically begins with a single, pink, 2- to 4-cm, thin, oval-shaped 
plaque with a thin collarette of scale at the periphery (known as the herald patch). Similar but 
smaller plaques subsequently erupt within days to weeks, usually on the torso along skin 
cleavage lines, in a Christmas tree—like distribution (Figure 30). Lesions can be asymptomatic or 
mildly itchy. Most affected patients are well, but some have mild flulike symptoms. The eruption 
usually lasts 4 to 10 weeks but may persist for months. Atypical variants, including 
vesicobullous lesions and mucosal lesions, occur rarely. Pityriasis rosea must be distinguished 
from secondary syphilis, drug eruptions, tinea corporis nummular dermatitis, and guttate 


psoriasis. Because the condition is self-limited, no treatment is needed; however, mid-potency 
topical corticosteroids, with or without oral antihistamines, may lessen pruritus. 


Figure 30. 


Pityriasis rosea, with oval-shaped patches of fine scale arranged along skin cleavage lines on the 
torso. 
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Acneiform Lesions 


e Acne 
e Rosacea 


e Hidradenitis Suppurativa 
e Perioral Dermatitis 


Key Points 


e Acne vulgaris is characterized by comedones, pink papules, pustules, and cysts on the 
face and upper trunk. 

e Treatment of mild comedonal acne consists of topical therapies such as retinoids, 
salicylic acid, azelaic acid, and benzoyl peroxide. 

e Oral antibiotics are useful in treating moderately severe or severe acne. 

e Isotretinoin is extremely effective in treating severe acne; however, it is teratogenic and 
its use is regulated by the mandatory risk management program iPLEDGE. 

e Rosacea is characterized by persistent central facial redness; telangiectasias, pink 
papules, small pustules, or ocular disease may also be present. 

e First-line topical therapy for rosacea consists of metronidazole, sodium sulfacetamide, 
and azelaic acid. 

e Perioral dermatitis is characterized by discrete papules and pustules on an erythematous 
base. 
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Acne 


e Epidemiology 
e Clinical Manifestations and Diagnosis 


e Management 


PreviousNext 
Epidemiology 


Acne vulgaris is a common disease characterized by comedones, pink papules, pustules, and 
cysts on the face and upper trunk (Figure 31). It is a disease of the hair follicles that is caused by 
excess sebum production, epidermal hyperproliferation, Propionibacterium acnes, and 
inflammation secondary to the interactions of these factors. Adult women may experience 
disease onset between the ages of 20 and 40 years, when disease is characterized by deep cystic 
lesions distributed on the lower face and neck (Figure 32). 


Figure 31. 


Papules characteristic of inflammatory acne. 


Figure 32. 
Acne of the lower face with deep cystic lesions in an adult woman. 
Reproduced with permission from James WD. Clinical Practice. Acne. N Engl J Med. 


2005;352(14):1463. [PMID: 15814882] Copyright © 2005 Massachusetts Medical Society. All 
rights reserved. 
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Clinical Manifestations and Diagnosis 


The comedo is the primary lesion of acne. In mild and early adolescent disease, facial 
comedones are the only manifestation (Figure 33). Moderate to severe acne is characterized by 
papules and pustules, which are found predominantly on the face. The most severe form of acne 


is characterized by nodulocystic lesions on the face and often on the trunk. Scarring may occur 
with all but the mildest disease. 


Routine endocrinologic evaluation is not needed for the majority of patients unless there is 
evidence of a systemic cause, such as the presence of oligomenorrhea and/or hirsutism 
(polycystic ovary syndrome) or rapid onset of severe disease with associated virilization 
(androgen-secreting tumor). Table 13 describes the differential diagnosis of acne and acneiform 
skin disorders. Acne that fails to respond after 8 weeks of appropriate therapy, moderate to 
severe acne, or acneiform lesions in atypical locations may be indications for referral to a 


dermatologist. 


Table 13. Differential Diagnosis of Acne and Acneiform Skin 


Disorders 


Disease 
Acne (acne vulgaris) 


Rosacea 


Corticosteroid-induced 
acneiform eruption 
(steroid acne, steroid 
folliculitis) 


Bacterial folliculitis 


Gram-negative 
folliculitis 


Periorificial dermatitis, 
idiopathic 


Periorificial dermatitis, 


Characteristics 


The microcomedo is the primary lesion; includes noninflammatory 
and inflammatory types. Very common in adolescents, but also 
common in preadolescents and adults. Females may have premenstrual 
flare-ups. Physical examination: coexisting open and closed 
comedones, papules, pustules, and nodular lesions located primarily on 
face, neck, and upper trunk. 


Not true acne; primary lesion is not a microcomedo but an 
inflammatory papule; rhinophyma (bulbous, red nose) is a variant. 
Physical examination: central face erythema, telangiectases, papules, 
pustules. 


Onset weeks to months after systemic corticosteroids or prolonged 
topical corticosteroids. Physical examination: hundreds of small 
follicular papules and pustules in the same stage of evolution, 
comedones absent; lesions commonly appear on the upper trunk and 
arms when the cause is systemic corticosteroids; lesions appear on the 
face when topical agents are implicated. 


Common in athletes. Physical examination: follicular papules, 
pustules, occasional furuncles on any hair-bearing area, especially 
scalp, buttocks, and thighs. Positive culture for pathogenic bacteria. 
Most common cause is Staphylococcus aureus. 


Caused by overgrowth of bacteria during prolonged systemic 
antibiotic treatment for acne, and presents as exacerbation of 
preexisting acne. Physical examination: many inflamed pustules, most 
often on the face. Positive culture for gram-negative bacteria, often 
Escherichia coli. 


More common in females. Physical examination: small (<2 mm) 
papules and pustules around mouth or eyelids. Similar to acne but 
without comedones. 


Frequent causes are prolonged topical corticosteroid therapy for atopic 


iatrogenic dermatitis and inappropriate use of these agents to treat acne. Similar 
in appearance to idiopathic type. 
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Figure 33. 


Comedonal acne, with multiple open comedones (blackheads) and a few small inflammatory 
papules. 


Reproduced with permission from James WD. Clinical Practice. Acne. N Engl J Med. 


2005;352(14):1464. [PMID: 15814882] Copyright © 2005 Massachusetts Medical Society. All 
rights reserved. 
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Management 


Topical and oral treatments for the varying degrees of acne severity are described in Table 14. 
Mild comedonal acne generally responds best to topical retinoids. As inflammatory components 
develop but remain localized to the face, other topical preparations such as benzoyl peroxide 


and/or antibiotics should be added. Once moderate to severe acne is present or significant lesions 
involve the trunk, oral antibiotics and/or hormonal therapies are required. If severe acne does not 
respond to these measures, then isotretinoin should be considered. Trimethoprim- 
sulfamethoxazole and amoxicillin are other treatment options for acne; however, both may 
produce severe drug eruptions. Patients who take oral antibiotics over many months may develop 
gram-negative bacterial overgrowth in the anterior nares, and these organisms may infect the 
acne lesions. Gram-negative folliculitis is characterized by pustules in the perinasal and lower 
facial skin and requires the use of isotretinoin to reverse the process. If isotretinoin is given for 
any reason, other acne medications can be discontinued. 


Table 14. Treatment of Acne 


Medication Indication Side Effects and Comments 
Topical retinoids Mild comedonal acne; use Skin irritation; may be combined with 
(tretinoin, adapalene, singly or in combination with topical antibiotics; tazarotene is 
tazarotene) other treatments pregnancy category X and requires 


pregnancy testing prior to prescription 


Topical salicylic acid Mild comedonal acne; use Mainly in patients with retinoid- 
singly or in combination with intolerant skin 
other treatments 

Topical azelaic acid Adjunctive therapy for mild to Local irritation 
moderate acne 

Topical benzoyl peroxide First-line therapy for mild to Local irritation and, rarely, contact 
moderate acne; use singly or in sensitivity 
combination with other 


treatments 
Topical antibiotics Therapy for mild to moderate Local irritation; promotion of 
(clindamycin, inflammatory acne antibiotic-resistant bacteria when used 
erythromycin) singly but not if used in combination 
with topical benzoyl peroxide 
Oral tetracyclines Moderate to severe Phototoxicity, vaginal yeast infection, 
inflammatory acne; can be dyspepsia, rare hepatotoxicity, 


combined with topical agents staining of teeth in fetuses and 
children; not for use in children <12 
years of age or pregnant women 


Oral doxycycline Moderate to severe Dose-related phototoxicity, vaginal 
inflammatory acne; can be yeast infection, dyspepsia; not for use 
combined with topical agents in children <12 years of age or 

pregnant women 


Oral minocycline Moderate to severe Dizziness, vertigo, discolored teeth, 
inflammatory acne; can be blue-gray skin staining, rare 
combined with topical agents hepatotoxicity and lupus-like 

syndrome, mild phototoxicity; not for 
use in children <12 years of age or 


pregnant women 


Oral erythromycin Moderate to severe Gastric upset, diarrhea; can be used in 
inflammatory acne; can be children 
combined with topical agents 

Oral contraceptives First-line treatment of Requires an average of 5 cycles to 

(norethindrone acetate- moderate to severe acne in achieve 50% improvement; adjunctive 

ethinyl estradiol, adult women or with laboratory topical therapy is usually needed 

norgestimate-ethinyl evidence of hyperandrogenism 

estradiol) 

Spironolactone Moderate to severe acne in Concurrent oral contraceptives 
adult women recommended (pregnancy category C, 

but some experts believe it should be 
category D) 

Isotretinoin Treatment of choice for severe, Pregnancy category X; all prescribers, 
recalcitrant nodular acne; patients, wholesalers, and dispensing 
prolonged remissions (1-3 pharmacies must be registered in the 
years) in 40% of patients FDA-approved iPLEDGE program 


FDA = U.S. Food and Drug Administration. 


NOTE: For specific indications and precautions, please refer to the labeling information of the 
medications listed. 
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Rosacea 


Rosacea is characterized by persistent central facial redness that primarily involves the convex 
surfaces and spares the periocular skin. Telangiectasias, pink papules, small pustules, or ocular 
disease may also be present, but comedones are not seen. Flushing that lasts longer than 10 
minutes in response to a variety of trigger factors such as heat, cold, exercise, embarrassment, 
red wine, or spicy foods provides supportive historical evidence. Ocular rosacea manifests as 
redness and irritation caused by blepharitis, conjunctivitis, and/or keratitis that may be present 
alone or in combination with skin findings. Onset of rosacea typically occurs between the ages of 
30 and 50 years and is most often seen in light-skinned women. Men, however, are often the 
most severely affected; rhinophyma, a dramatic overgrowth of nasal skin, is almost exclusively 
seen in older men with long-standing uncontrolled disease (Figure 34). 


The most common differential diagnosis of rosacea is systemic lupus erythematosus (SLE). SLE 
may cause facial skin findings similar to those of rosacea; however, skin symptoms of SLE are 
not persistent but rather are sun-induced and transient, and lupus often spares the nasolabial 
folds. A skin biopsy can help distinguish between SLE and rosacea if clinical and laboratory 
features are not diagnostic. Chronic application of topical corticosteroids may induce rosacea- 


like skin symptoms; however, this condition can be distinguished from rosacea by patient history 
and findings of redness and papules present only at the sites of corticosteroid application. 


Treatment with sun avoidance and daily application of sunscreens will limit photodamage. First- 
line therapies include topical metronidazole or clindamycin, sodium sulfacetamide, and azelaic 
acid. These therapies are most effective in eliminating erythematous papules and pustules. 
Failure to respond after 4 to 6 weeks may require oral antibiotics such as tetracyclines. Oral 
antibiotics are quite useful in ameliorating nodular lesions and eye symptoms. Flushing is often 
recalcitrant to treatment, but telangiectasias may be treated with laser ablation. 


Figure 34. 


Rhinophyma in a patient with long-standing, uncontrolled rosacea. 
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Hidradenitis Suppurativa 


Hidradenitis suppurativa is characterized by painful, recurrent, chronic, sterile abscesses; sinus 
tract formation; and scarring of the axillary, inguinal, perianal, and inframammary intertriginous 
areas (Figure 35). There is often concomitant acne, scalp folliculitis, or pilonidal cyst formation. 


This condition is frequently mistaken for furuncles, but the lesions of hidradenitis usually have 
negative cultures and are centered around the axillae and groin. 


Topical treatment options for mild disease include antiseptic washes and antibiotic solutions such 
as clindamycin. Patients with multiple lesions or associated disability should be referred for 
specialty care. 


= 


Figure 35. 


Hidradenitis suppurativa, characterized by painful, recurrent, chronic, sterile abscesses; sinus 
tract formation; and scarring. 
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Perioral Dermatitis 


Perioral dermatitis is characterized by discrete papules and pustules on an erythematous base that 
are centered around the mouth (Figure 36). The eruption frequently follows the use of topical or 
inhaled corticosteroids but may occur spontaneously. The dermatitis is usually responsive to 
discontinuation of the corticosteroid or protecting the skin from the inhaled product. Topical 
antibiotic solutions or creams and sulfur preparations are usually tried first. Therapy with 


tacrolimus ointment and oral tetracyclines is usually reserved for patients who fail to respond to 
initial topical therapy. 
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Figure 36. 


Perioral dermatitis, with discrete papules and pustules on an erythematous base centered around 
the mouth. 
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Common Skin and Nail Infections 


Superficial Fungal Infections 
Bacterial Infections 
Viral Infections 


Key Points 


An expanding annular lesion with a slightly scaly, erythematous, advancing edge and 
central clearing is suspicious for fungal infection and should be confirmed with a 
potassium hydroxide (KOH) test. 

Topical antifungal creams are usually effective in treating cutaneous fungal infections. 
Onychomycosis is usually characterized by a thickened, yellow or white nail with scaling 
under the elevated distal free edge of the nail plate. 

Because up to 50% of all nail dystrophies are caused by conditions other than fungal 
infection, the diagnosis should be confirmed before treatment is initiated. 

Cutaneous candidal infection is characterized by red, itchy, inflamed skin with satellite 
pustules; at sites of skin-to-skin contact, lesions have glazed, shiny, and at times eroded 
surfaces. 

Oropharyngeal candidiasis is characterized by a grayish-white membrane with a red base 
in the oral mucosa. 

Staphylococcal abscesses are acute, tender, well-delineated, pus-containing lesions that 
commonly appear on the neck, axillae, and groin but may occur at any skin site. 

Incision and drainage is the treatment of choice for stable patients with staphylococcal 
abscesses that are not accompanied by systemic toxicity. 

Cellulitis is a rapidly spreading, deep, subcutaneous-based infection characterized by a 
well-demarcated area of warmth, swelling, tenderness, and erythema that may be 
accompanied by lymphatic streaking and/or fever and chills. 

Cellulitis can be differentiated from contact dermatitis by the absence of pruritus. 
Bilateral leg involvement, absence of fever/leukocytosis, or lack of response to 
appropriate antibiotics may suggest venous stasis dermatitis rather than cellulitis. 

Herpes simplex virus type 2 infection is the most common sexually transmitted ulcerative 
disease. 

A vesicle is the primary lesion of herpes simplex virus infection. 

The oral antiviral agents acyclovir, valacyclovir, and famciclovir are effective and safe 
treatments for herpes simplex virus infections. 


e Vaccination in patients over the age of 60 years reduces the incidence of herpes zoster by 
over 50% and lessens the severity and chance of complications. 

e Antiviral therapy with acyclovir, valacyclovir, or famciclovir is effective treatment for 
herpes zoster. 

e Recurrent herpes zoster should trigger testing for possible associated HIV infection. 

e Urgent ophthalmologic consultation should be sought when herpes zoster involves the 
eye or periorbital skin. 

e Spontaneous involution of cutaneous warts occurs in 30% of patients within 3 months, 
70% within 2 years, and 90% within 3 years. 

e Topical salicylic acid is first-line therapy for common warts that require treatment. 

e Females between 11 and 26 years of age should receive the human papillomavirus 
vaccine to prevent persistent human papillomavirus infection and cervical cancer 
precursor lesions. 
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Superficial Fungal Infections 


Fungal infections of the skin, hair, and nails are caused by dermatophyte organisms. The site of 
infection, rather than the infecting organism, determines the diagnosis. 
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Dermatophytosis 


e Risk Factors and Clinical Manifestations 
e Treatment 
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Risk Factors and Clinical Manifestations 


Dermatophytes are the most common fungi that infect skin. Dermatophytes infect the highest 
level of the epidermis, the stratum corneum, where they cause bothersome, often itchy rashes but 
not invasive systemic infections. Immunosuppressed patients (such as those with AIDS or those 
undergoing chemotherapy) are more likely to develop widespread cutaneous disease. The use of 
topical corticosteroids or topical calcineurin inhibitors may allow overgrowth of the offending 
organism even in patients with normal immune systems and can make the infection more 
difficult to diagnose and eradicate. Hot, humid, occlusive environments favor dermatophyte 
growth; therefore, hyperhidrosis and occlusive footwear predispose patients to infections of the 
feet and groin. 


An expanding, ringlike lesion with a slightly scaly, erythematous, advancing edge and central 
clearing suggests a fungal infection; however, the presence of fungus should be confirmed before 
initiating treatment by scraping the scale, infiltrating it with potassium hydroxide (KOH) 
solution, and examining it microscopically. It is also reasonable to check any scaly lesion for 
fungus. Fungal cultures may take weeks to grow, so they tend to be used for patients with 
atypical presentations, treatment failures, or for research. 


Tinea corporis (dermatophyte infection of the body) can occur on any part of the body, including 
the trunk and extremities, and manifests with the characteristic annular lesion (Figure 37). 


Tinea capitis mostly affects children. It frequently occurs in small epidemics, in settings such as 
a day care center. The terminal hairs (thick, pigmented hairs) of adults are more likely to be 
affected in the beard area rather than the scalp. The clinical presentation of tinea capitis ranges 
from noninflammatory, dry scaling to inflammatory nodules and plaques with superficial crusts. 
Facial lesions may be misdiagnosed as lupus erythematosus, rosacea, seborrheic dermatitis, or 
other conditions because they frequently lack the typical annular morphology that characterizes 
tinea corporis. Diagnosis is made by performing a KOH microscopic examination for fungal 
elements or by culture. 


The most common site of fungal infection is the feet. Tinea pedis may present with silvery scale 
and dull erythema of the entire foot, characterized by interdigital scaling and maceration or 
blisters of the plantar arch, sides of the feet, and/or heel (Figure 38). It may itch or may be 
entirely asymptomatic. In the “two feet—one hand syndrome,” one hand has a diffuse scaly 
appearance that is also fungal in nature (Figure 39). Tinea pedis can also spread to infect the hair 
follicles on the legs, causing a deep folliculitis that fails to respond to antibiotic therapy. 
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Figure 37. 


Typical annular patch of tinea corporis with scaly pink edges. 


Figure 38. 


Tinea pedis, with scaling and hyperpigmentation most clearly visible at the edge of the sole. 


Figure 39. 


Two feet—one hand syndrome, with scaling of one hand and normalappearing skin on the other 
hand. Both of this patient’s feet had a potassium hydroxide (KOH)-positive, scaly rash. 
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Treatment 


Topical antifungal creams are usually effective in treating cutaneous fungal infections that do not 
involve the hair or nails. The over-the-counter products clotrimazole, miconazole, and 
terbinafine are efficacious and cost-effective. Prescription products such as naftifine, ciclopirox, 
butenafine, and a variety of azoles are also effective. Combination antifungal and corticosteroid 
products should be avoided, because the corticosteroid component is of high potency and 
therefore may diminish treatment efficacy, may convert a superficial fungal infection to a deep 
inflammatory pustular infection, or may result in striae formation when used in the groin or 
axilla. 


Oral antifungal medication is needed for treatment of widespread tinea corporis, tinea barbae 
(tinea infection of the beard and moustache areas), or tinea capitis. Griseofulvin, an older drug, is 
effective and generally safe; however, it has largely been supplanted by newer agents. 
Itraconazole has good in vitro activity against dermatophytes and concentrates in the skin, hair, 
and nails. A simple pulse-dosing regimen, where the drug is given daily for 1 week each month, 
simplifies patient adherence for longer courses of treatment. Ketoconazole, while cheaper than 
itraconazole, has greater liver and endocrine toxicity and carries the risk for many drug 
interactions. Terbinafine has few drug interactions and good oral bioavailability; however, severe 
skin reactions, leukopenia, hepatotoxicity, and taste disturbances can occur. 
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Onychomycosis 


Onychomycosis is usually characterized by a thickened, yellow or white nail with scaling under 
the elevated distal free edge of the nail plate. Sometimes, however, the infecting organism 
invades the surface of the toenail or the proximal nail fold (proximal subungual onychomycosis); 
HIV infection should be suspected in patients with the latter (Figure 40). 


Nail infections can be diagnosed with KOH examination or culture; however, periodic acid— 
Schiff staining of a clipping of the nail has proven more sensitive (85%) than either of the former 
tests. The test is simple to perform and gives results in a few days. Because up to 50% of all nail 
dystrophies are caused by conditions other than fungal infection, the diagnosis should be 
confirmed before treatment is initiated. Traumatic nail dystrophy, lichen planus, and psoriasis 
may have nail involvement that is misdiagnosed as onychomycosis. A nail biopsy may be 
necessary to clarify the diagnosis. 


Most patients with toenail onychomycosis are asymptomatic and do not require treatment. For 
patients with fingernail involvement, symptomatic toenail infection, or those with peripheral 
neuropathy, arterial insufficiency, or diabetes mellitus who are predisposed to complications 
from onychomycosis (such as cellulitis), oral therapy with terbinafine, itraconazole, or 
fluconazole is usually necessary for cure (Table 15). The topical antifungal lacquers are not 
often effective. 


Table 15. Oral Therapy for Onychomycosis 


Drug Dosing for Fingernail Involvement Dosing for Toenail Involvement 
Terbinafine 250 mg/d for 6-8 weeks 250 mg/d for 12-16 weeks 
Itraconazole Pulsed doses of 200 mg twice daily for 1 Pulsed doses of 200 mg twice daily for 1 
week of each month for 2 months week of each month for 3-4 months 
Fluconazole 150-300 mg once weekly for 6-12 150-300 mg once weekly for 6-12 months 


months 


Figure 40. 


White debris along the proximal nail fold in proximal subungual onychomycosis. 
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Tinea Versicolor 


Slightly scaly hyper- or hypopigmented macules of the trunk and upper arms characterize tinea 
versicolor (Figure 41). The causative yeast organism, Malassezia furfur, is a normal inhabitant 
of the hair follicle; however, when hot and humid environmental conditions favor its growth, 
disease appears. Diagnosis is confirmed by microscopic evaluation of a KOH preparation made 
from scrapings of lesions showing the classic appearance of both spores and hyphae in a 
“spaghetti and meatball” pattern. Selenium sulfide 2.5% lotion, applied either overnight or for 10 
to 15 minutes once daily for 1 to 2 weeks, is efficacious and cost-effective. Ketoconazole 
shampoo and the imidazole or triazole creams are also effective topically. Single-dose oral 
ketoconazole, 400 mg (may repeat dose in 1 week), is easy and safe oral therapy. Pigmentary 
alterations will usually take weeks to resolve after successful therapy. If recurrences are 
problematic, monthly prophylactic treatment may be given. 


Figure 41. 


Small, light-brown, coalescing macules on the anterior chest characteristic of tinea versicolor. 
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Candidiasis 


Candida albicans is a component of the normal oral and skin flora. Candida overgrows and 
causes disease in immunocompromised patients or when warmth, moisture, maceration, 
reductions in competing flora due to antibiotic therapy, or increased skin pH occur (panty liners, 
diapers, and other occlusive garments raise skin pH). Sites that are predisposed to Candida 
overgrowth include the inframammary, axillary, abdominal, periungual, and inguinal creases; the 
oral and vaginal mucous membranes; and the perianal and interdigital skin. If patients are febrile 
and unable to ambulate because of other comorbid illnesses, the back and buttocks may be 
affected. 


Cutaneous candidiasis is characterized by red, itchy, inflamed skin. At sites of skin-to-skin 
contact, lesions have glazed, shiny, and at times eroded surfaces and may be characterized by 
burning more than pruritus. Satellite pustules (yellow, fluid-filled lesions at the edge of the 
confluent red eruption) are another key physical finding (Figure 42). 


Candidal vulvovaginitis affects the vulvar skin as described above. Risk factors include diabetes, 
HIV infection, long-term antibiotic or corticosteroid therapy, pregnancy, or long-term tamoxifen 
treatment. Male sexual partners of affected patients may develop red, moist, painful, or itchy 
balanitis. 


Oropharyngeal candidiasis is characterized by a grayish-white membrane with a red base in the 
oral mucosa. It is commonly seen in patients with immunosuppression, diabetes, or 
malnourishment and in patients taking chronic antibiotics or corticosteroids. Immunosuppressed 
patients with oral candidiasis often have esophageal candidiasis and odynophagia. Erythema, 
transverse fissuring, and maceration may also occur at the angles of the mouth (perleche) as an 
associated finding of oral candidiasis, as a complication of ill-fitting dentures, or as a 
consequence of alveolar ridge atrophy secondary to aging. 


The diagnosis of candidiasis may be confirmed by KOH examination, Gram stain, or culture. 
Candidiasis can often be confused with intertrigo, which is an irritant skin-fold dermatitis that 
results from moisture and rubbing and is especially prominent in obese patients. Intertrigo 
usually lacks the same degree of redness and satellite lesions found in candidiasis, and a 
microscopic examination of a KOH preparation will not demonstrate hyphae and pseudohyphae 
that are diagnostic of candidiasis. 


Treatment of the skin with the topical agents clotrimazole, miconazole, naftifine, ciclopirox, 
butenafine, and other azoles will usually result in clearance. Terbinafine is less active against 
Candida. Topical imidazoles are useful for uncomplicated oral and vaginal disease. A single 
dose of 150 mg of fluconazole is also effective. Predisposing factors should be eliminated if 
possible. When treating immunocompromised patients, fluconazole is often started at 200 mg/d 
and is increased as needed if there is no response. Duration of therapy is variable. Itraconazole 
can be substituted when there is concomitant cutaneous dermatophyte disease. Sexual partners of 
patients with oral or vaginal disease should be screened and treated as necessary. 


Figure 42. 


Candidal infection, with satellite pustules at the edge of a pink, moist eruption in the skin folds. 
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Bacterial Infections 


e Abscesses 
e Staphylococcal Folliculitis 


e Impetigo 
e Cellulitis 
e Ecthyma 


e Pseudomonas Folliculitis 
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Abscesses 


Abscesses are acute, tender, well-delineated, pus-containing lesions that commonly appear on the 
neck, axilla, and groin but may occur at any skin site (Figure 43). Abscesses are nearly always 
caused by Staphylococcus aureus. Exceptions include abscesses that develop in the hospital or in 
the perianal area of the body. S. aureus is persistently and asymptomatically present in the 
anterior nares of approximately 30% of healthy adults; another 50% are intermittently colonized. 
This is a significant risk factor for abscess formation. While outbreaks of methicillin-resistant S. 
aureus (MRSA) have been described in many populations, such as prisoners and school athletes, 
they are so well established in many communities that it may not be productive to look for risk 
factors. Instead, the focus is on preventing recurrences, a challenge even in highly motivated 
patients. Strategies that address nasal colonization alone are disappointing, and the best outcomes 
seem to follow aggressive eradication policies that include topical and systemic treatment, 
treatment of household contacts (sometimes even pets), and the maintenance of an exceptionally 
high level of hygiene. 


Incision and drainage is the treatment of choice and is effective without concomitant antibiotic 
therapy in most patients; however, it is still not known whether concomitant antibiotic treatment 
may accelerate healing or reduce the risk of recurrence. Cultures can easily distinguish MRSA 
from methicillin-susceptible S. aureus (MSSA); however, antimicrobial treatment, if needed, 
should begin with medications other than B-lactams. Current choices include tetracyclines, 
rifampin-containing combinations, and clindamycin (in geographic areas where there is a high 
rate of susceptibility). Trimethoprim-sulfamethoxazole may be a reasonable alternative if 
streptococci are not a concern, because it has limited activity against any of the B-hemolytic 
streptococci. Linezolid has good activity against almost all staphylococci but is much more 
expensive than the alternatives. Recurrent or refractory infection may be treated by efforts to 
decrease colonization. 


Figure 43. 


A staphylococcal abscess presenting as a tender, erythematous, fluctuant nodule topped by a 
central pustule. 
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Staphylococcal Folliculitis 


S. aureus may also cause pustules that are centered on hair follicles (Figure 44). The beard, 
pubic areas, axillae, and thighs are often affected. The infection often resolves spontaneously, 
but the local application of heat and topical clindamycin or benzoyl peroxide is often effective 
topical therapy. Patients should avoid shaving in the affected area during active infection. 
Systemic antibiotics should not be used routinely for treatment of folliculitis, as it generally 
resolves on its own. 


Figure 44. 


Pink papules and pustules centered around hair follicles, characteristic of folliculitis. 
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Impetigo 


Impetigo is a superficial skin infection characterized by a yellowish, crusted surface that may be 
caused by staphylococci or streptococci (Figure 45). If S. aureus is the cause, secretion of 
exfoliative toxin may result in superficial blister formation. Bullous impetigo is an indication that 
the lesions are infected with S. aureus (Figure 46). Systemic spread of the same toxins causes 
staphylococcal scalded skin syndrome. 


Limited disease of the head and neck can usually be effectively treated with topical mupirocin or 
bacitracin applied after soaking off the crusts. If more extensive disease is present, 
cephalosporin, penicillinase-resistant penicillin, or B-lactam/B-lactamase inhibitor combination 
therapy added to the topical approach are reasonable initial treatments (Table 16). 
Trimethoprim-sulfamethoxazole is not a first-line drug if streptococcal infection is suspected. 
Tetracycline is also effective, especially if MRSA is suspected. 


Figure 45. 


Honey-colored crusts in a patient with impetigo. 


Figure 46. 


Clear, fluid-filled blisters with surrounding erythema on the legs of a patient with bullous 


impetigo. 


Table 16. Treatment of Impetigo and Skin and Soft-Tissue 


Infections 


Condition Drugs 


Impetigo Dicloxacillin or 
cephalexin 


Erythromycin 


Notes 


Possible resistance in some strains of Staphylococcus 
aureus and Streptococcus pyogenes (over 50% of isolates 
in many communities) 


Clindamycin — 

Amoxicillin/clavulanate — 

Mupirocin ointment Reasonable to treat patients with fewer lesions 
MSSA Nafcillin or oxacillin First-line parenteral therapy; not effective against MRSA 
SSTI Cefazolin — 


Clindamycin Clindamycin resistance is less common than erythromycin 
resistance, but failures of treatment have been documented 


Dicloxacillin or First-line oral agents for methicillin-susceptible strains 
cephalexin 
Doxycycline, Recent clinical data is limited 
minocycline 
TMP-SMZ Efficacy data is limited 
MRSA Vancomycin First-line parenteral therapy for treatment of MRSA 
SSTI infection 
Linezolid Clinical data is limited; no cross-resistance with other 
antibiotic classes; expensive 
Clindamycin Clindamycin resistance is less common than erythromycin 
resistance, but failures of treatment have been documented 
Daptomycin — 
Doxycycline, Recent clinical data is limited 
minocycline 
TMP-SMZ Efficacy data is limited, but used frequently by 


dermatology community for treatment of MRSA 


MRSA = methicillin-resistant Staphylococcus aureus, MSSA = methicillin-susceptible 
Staphylococcus aureus; SSTI = skin and soft-tissue infection; TMP-SMZ = trimethoprim- 
sulfamethoxazole. 


Data from Stevens DL, Bisno AL, Chambers HF, et al; Infectious Diseases Society of America. 
Practice guidelines for the diagnosis and management of skin and soft-tissue infections. Clin 
Infect Dis. 2005;41(10):1373-1406. [PMID: 16231249] 
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Cellulitis 


Cellulitis is a rapidly spreading, deep, subcutaneous-based infection characterized by a well- 
demarcated area of warmth, swelling, tenderness, and erythema that may be accompanied by 
lymphatic streaking and/or fever and chills (Figure 47). Cellulitis can usually be differentiated 
from contact dermatitis by the absence of pruritus; however, areas of contact and other types of 
dermatitis can become secondarily impetiginized. Cellulitis is often secondary to streptococcal 


infection, although staphylococci can also be the cause. Known risk factors for lower-extremity 
cellulitis include tinea pedis, onychomycosis, chronic leg ulcerations, varicose veins of the leg, 
phlebitis, obesity, type 2 diabetes mellitus, and heart failure. Cellulitis is a clinical diagnosis; 
cultures are usually not necessary and are seldom positive (less than 5% of the time). Treatment 
is based upon the risk of MRSA infection and severity of illness (see Table 16). The role of 
suppressive antibiotic therapy for recurrent lower-extremity cellulitis is unclear, but many 
experts recommend prolonged prophylactic antibiotic therapy for patients with an underlying 
predisposing factor for infection that cannot be remedied (such as chronic lymphedema). Acute 
venous stasis dermatitis can be misdiagnosed as cellulitis. Involvement of both legs, absence of 
fever and/or leukocytosis, and failure to respond to appropriate antibiotic therapy for 
staphylococcal/streptococcal infection are more characteristic of venous stasis dermatitis than 
cellulitis. 


Figure 47. 


Well-demarcated area of warmth, swelling, tenderness, and erythema in a patient with cellulitis. 
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Ecthyma 


Superficial, saucer-shaped ulcers with overlying crusts are the classic findings of ecthyma 
(Figure 48). They almost always occur on the legs or feet and are usually caused by streptococci. 
Injection drug users and patients with AIDS are at increased risk. Cleansing with antibacterial 
washes followed by topical mupirocin and oral dicloxacillin or a first-generation cephalosporin is 
effective therapy. 


Figure 48. 


Punched-out ulcer with a yellow eschar on the leg of a patient with ecthyma. 
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Pseudomonas Folliculitis 


Pseudomonas folliculitis is a pruritic eruption that is characterized by follicle-centered 
erythematous papules and pustules. The trunk, axillae, buttocks, and proximal extremities are 
most often affected (Figure 49). The eruption begins | to 4 days after bathing in a hot tub, 
whirlpool, or, less commonly, a public swimming pool. Inadequate water chlorination allows 
proliferation of the causative organism Pseudomonas aeruginosa. Fever, external otitis, breast 
abscess, the “hot foot syndrome” (painful plantar nodules), or bacteremia may infrequently 
complicate the cutaneous infection. Spontaneous involution without therapy is expected within 7 
to 14 days. Severe pruritus, fever, chills, or a prolonged or recurrent course may necessitate 
therapy with a fluoroquinolone or a third-generation cephalosporin. Treatment should also be 
considered in immunosuppressed patients. Adequate water filtration and chlorination or 
bromination of hot tubs and swimming pools will help prevent this condition. 
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Figure 49. 


Erythematous papules with flare seen in Pseudomonas folliculitis. Skin under the bathing suit is 
characteristically involved. 
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Viral Infections 


e Herpes Simplex 
e Herpes Zoster 


e Molluscum Contagiosum 
e Common and Genital Warts 
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Herpes Simplex 


Two distinct herpes simplex viruses, herpes simplex virus (HSV) types 1 and 2, are recognized. 
HSV-1 has the highest prevalence; 60% to 85% of U.S. adults are infected with HSV-1 by age 
60 years. HSV-2 is the most common sexually transmitted genital ulcer disease, with 500,000 
new symptomatic cases occurring each year. The vast majority of initial infections are not 
clinically apparent. Most clinically recognized first episodes are the result of viral reactivation 
from its dormant state in the neural ganglia. True primary infection is prolonged, lasting 10 to 14 
days, and is often accompanied by fever, lymphadenopathy, and severe pain. Recurrent disease 
has a prodrome of burning, stinging, or pain occurring approximately 24 hours before onset of 
vesicles in 60% of patients. Common stressors known to trigger reactivation include ultraviolet 
light, fatigue, exposure to heat or cold, trauma such as with sexual intercourse or laser surgery, 
and immunosuppression. When immunosuppression is caused by HIV infection, atypical 
morphologic features such as nodules or nonhealing ulcers are often present (Figure 50). 


Classically, both HSV-1 and HSV-2 initially cause a cluster of pink papules that rapidly become 
vesicular. Grouped vesicles (clear, fluid-filled, small blisters) on an erythematous, edematous 
base are characteristic. They often become cloudy pustules before rupturing, leaving behind 
clustered erosions that usually completely involute within 3 to 5 days. Orofacial lesions are most 
common on the outer edge of the vermilion border, but they may be observed anywhere. Genital 
recurrences are more common in men, but women are more symptomatic. Beard lesions 
(resulting from autoinoculation by shaving), facial and neck lesions (contracted by skin-to-skin 
contact in sporting events such as wrestling or rugby), and finger lesions are less common but are 
well-recognized sites of involvement. An abnormal skin barrier, as is present in patients with 
atopic dermatitis, can allow HSV to spread rapidly across large surface areas, causing a 
disseminated cutaneous infection called eczema herpeticum. Patients with advanced HIV 
infection or those who have undergone organ transplantation are at risk for more frequent and 
more severe recurrences of HSV. In extreme cases, the lesions can become confluent and 
produce a painful lesion that may be many square centimeters in size. 


The diagnosis is usually made clinically, but if the diagnosis is unclear, laboratory confirmation 
of infection may be helpful. Recommended diagnostic tests include viral culture or the direct 
fluorescent antibody test, which is the most accurate, sensitive, and rapidly available test. 
Treatment may be given at the onset of the prodromal symptoms and may be repeated for each 
occurrence. If recurrences are prolonged, particularly painful, or occur 6 or more times per year, 
preventive suppressive doses can be prescribed. The oral antiviral agents acyclovir, valacyclovir, 
and famciclovir are effective and safe treatments. Topical antiviral agents are generally not 
recommended because of their much-reduced efficacy. In patients with severe 
immunosuppression, treatment may need to be adjusted in both dose and duration to control 
disease symptoms. Affected patients should receive preventive education and testing for 
concurrent sexually transmitted diseases. 
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Figure 50. 


Painful, nonhealing genital ulcers of herpes simplex in a patient with HIV infection. 
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Herpes Zoster 


Herpes zoster is a common condition that results from reactivation of the latent varicella-zoster 
virus, which resides in the nerve ganglia after an initial chickenpox infection (usually during 
childhood). Over | million cases occur in the United States yearly, with more than half affecting 
individuals over 60 years of age. Immunosuppression increases the risk of disease. In patients 
with HIV or in those undergoing chemotherapy, the lesions may be bullous; may occur in 
multiple, widely separated dermatomes; may be disseminated on the skin and internally; or may 
produce recurrent disease. Recurrent herpes zoster should trigger testing for possible associated 
HIV infection. Vaccination in healthy adults over 60 years of age reduces the incidence of herpes 
zoster by over 50% and lessens the severity and chance of complications. 


As in herpes simplex, the classic morphology in herpes zoster is grouped vesicles on an 
erythematous base (Figure 51); however, vesicles occur in multiple plaques along one or several 
contiguous dermatomes in a unilateral configuration. The thoracic region is involved in more 
than 50% of cases; the first branch of the trigeminal nerve is involved in 10% to 15% of cases. 
Significantly, involvement of the trigeminal nerve may lead to ocular complications. Pain is the 
most common associated symptom, and it is frequently present before the skin findings occur. 
Pain may be debilitating throughout the active course of disease, or it may persist indefinitely as 
postherpetic neuralgia. 


Antiviral therapy with acyclovir, valacyclovir, or famciclovir is effective in killing the virus. 
Benefits of antiviral therapy include faster healing of the skin, lessening of the acute pain, and 
reduction of the incidence and intensity of postherpetic neuralgia. Postherpetic neuralgia may be 
improved by treatment with gabapentin, pregabalin, a lidocaine patch, topical capsaicin, tricyclic 
antidepressants, and opioid analgesics; however, prevention should be emphasized by ensuring 
that patients over 60 years of age are vaccinated. Urgent ophthalmologic consultation should be 
sought when the eye or periorbital skin is involved. 


Figure 51. 


Typical herpes zoster of the trunk, characterized by painful grouped vesicles on an erythematous 
base in a dermatomal distribution. 
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Molluscum Contagiosum 


The majority of patients infected with molluscum contagiosum (poxvirus) are children. Adults 
may acquire the disease through sexual contact, resulting in genital and pubic lesions. 
Immunosuppressed patients or patients with active atopic dermatitis may experience widespread, 
treatment-resistant disease. The infection causes a small, dome-shaped, smooth-surfaced, skin- 
colored or pink papule that may have a central umbilication (Figure 52). On close inspection, 
small, white inclusions may be visualized. Molluscum contagiosum normally spontaneously 
resolves in a few months. Treatment of lesions appearing outside of the genital region is often 
considered for cosmetic reasons, whereas genital lesions are usually treated to prevent spread by 
sexual contact. Interventions that have proven successful include destructive methods such as 
curettage, cautery, or cryotherapy and those topical treatments discussed for warts (see below). 
Compared with topical therapy, curettage appears to be more efficacious and is associated with 
the fewest side effects. 
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Figure 52. 


Molluscum contagiosum, with pink papules with a central umbilication. 
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Common and Genital Warts 


Warts are caused by infection with one or more of the 120 subtypes of the human papillomavirus 
(HPV). Common warts generally appear as 5- to 10-mm, rough-surfaced, skin-colored papules. 
The incubation period appears to be approximately 2 to 3 months. The peak age of clinically 
apparent infection is the teenage and early adult years. The prevalence of common warts is 
approximately 25%. They can affect any part of the body; however, certain sites warrant special 
mention. Plantar warts may cause pain, and aggressive therapy (burning, excision, and 
cryosurgery) may further limit ambulation. Periungual infection is difficult to cure, and pain 
following destructive treatment is more severe than at other sites of infection. Mucosal infection 
and genital lesions may particularly predispose patients to cancer formation. Genital HPV 


infections are the most common sexually transmitted disease, with over | million cases 
diagnosed each year. Condyloma acuminatum is a lobulated growth that usually results from 
infection with non—cancer-forming types of HPV (Figure 53). Infections with HPV type 16 or 
18 are the most likely to result in cancer formation; warts caused by these subtypes are usually 
flat, hyperpigmented macules. In addition to monitoring patients with genital warts for cancer, 
sexual-partner examination and monitoring are needed, as is vigilance for other sexually 
transmitted diseases. Flat warts of the face and legs may be numerous and difficult to treat. Such 
lesions often result from autoinoculation after shaving. 


Spontaneous involution of cutaneous warts occurs in 30% of patients within 3 months, 70% 
within 2 years, and 90% within 3 years. Therapeutic intervention for cutaneous warts should be 
influenced by the knowledge that spontaneous regression is common and that strong, evidence- 
based studies showing a definitive highly effective therapy are lacking. Thus, choosing not to 
treat cutaneous warts is often a reasonable option; however, pain, interference with function, 
social embarrassment, continual formation of new lesions, and concern for transmission may 
necessitate treatment. Cost-effective, nonscarring treatment such as topical salicylic acid should 
be first-line therapy; cryotherapy destruction is a treatment strategy if daily compliance with 
salicylic acid is problematic. 


Genital infections may be observed, but treatment is more often desired and indicated owing to 
the risk of transmission and predisposition to genital cancer in infected individuals. 
Podophyllotoxin, imiquimod, cryotherapy, or electrosurgical destruction is often used. HPV 
vaccination of females between 11 and 26 years of age is recommended. Clinical trials indicate 
that the vaccine has high efficacy in preventing persistent HPV infection and cervical cancer 
precursor lesions caused by HPV types 6, 11, 16, or 18 among females who have not already 
been infected with the respective HPV type. 


Figure 53. 


Warty growths on the glans penis typical of condyloma acuminatum. 
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Bites and Stings 


Overview 


Chigger Bites 


Spider Bites 
Scabies Infestation 


Lice 
Bedbug Bites 


Key Points 


Camphor and menthol or pramoxine preparations are helpful for the itch associated with 
insect bites. 

Chigger bites appear as erythematous, excoriated papules along clothing lines, 
occasionally with a central punctum. 

Community-acquired methicillin-resistant Staphylococcus aureus infections and 
pyoderma gangrenosum are often misdiagnosed as brown recluse spider bites. 

Scabies infestation causes intense itching, a papular or vesicular rash, and burrows that 
are visible as short, wavy lines. 

Topical permethrin cream is first-line treatment for scabies infestation. 

The diagnosis of lice is established by identifying crawling lice in the scalp or pubic hair 
or nits found sticking to the hair shaft. 

Topical pediculicides remain the preferred treatment for head and pubic louse 
infestations. 

Bedbug bites are recognized as painless, pruritic, urticaria-like papules with a central 
hemorrhagic punctum that appear in a linear distribution. 
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Overview 


Insect bites and stings are a seasonal nuisance and may be significant vectors of disease. On 
physical examination, look for erythematous papules, sometimes with a central punctum, as well 
as vesicles, bullae, and impetiginization secondary to scratching. Insect sting—induced 
anaphylaxis can be life-threatening (see MKSAP 15 Pulmonary and Critical Care Medicine). 


Bite and sting reactions are treated symptomatically. Camphor and menthol or pramoxine 
preparations help to control itch. Topical corticosteroids appropriate for the bite or sting site may 
be used for up to 2 weeks. 
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Chigger Bites 


Chigger bites appear as erythematous, excoriated papules along clothing lines, occasionally with 
a central punctum. They cluster where tight clothing meets skin. Appropriate therapy consists of 
a mid-strength topical corticosteroid. Camphor and menthol lotion is helpful for the symptomatic 
relief of pruritus associated with chigger bites. 
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Spider Bites 


Spider bites are overdiagnosed. Brown recluse spiders are quite shy (Figure 54); houses have 
been described that contain more than 2000 brown recluse spiders without any bites occurring. In 
the United States, recluse spiders are limited to Missouri, Oklahoma, Arkansas, Mississippi, 
Louisiana, and parts of Texas, Alabama, Tennessee, Kentucky, Illinois, Iowa, and Kansas, yet 
hundreds of “brown recluse spider bites” are reported every year from nonendemic locations. It 
is unlikely that any of these are true brown recluse spider bites. Rapidly progressive, necrotic 
skin lesions more commonly represent infections with community-acquired methicillin-resistant 
Staphylococcus aureus. Necrotic lesions with a violaceous, overhanging border are more likely 
pyoderma gangrenosum. 


The diagnosis of brown recluse spider bite can be confirmed by an enzyme immunoassay on a 
skin biopsy or on plucked hairs or by a passive hemagglutination inhibition test up to 3 days after 


envenomation. 


The majority of spider bites require only rest, ice, and elevation. 


Figure 54. 


Brown recluse spiders are quite shy, and brown recluse spider bites are overdiagnosed. 
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Scabies Infestation 


Scabies is spread by direct, personal contact, especially during sex. Acquisition from bedding or 
clothes is rare. Scabies infestation causes intense itching and a papular or vesicular rash (Figure 
55). Burrows are visible as short, serpiginous lines. Location in the interdigital webs, flexure 
surface of the wrists, penis, axillae, nipples, umbilicus, scrotum, and buttocks is diagnostic. 
Scabies infestation should be suspected whenever a patient and close contacts are itching. 
Elderly patients may have only scattered excoriations, and web-space involvement is often 
lacking. Crusted scabies, with widespread scale and heavy crusting on the ears and hands, occurs 
in debilitated and immunosuppressed patients. 


Scabies can be treated with topical permethrin cream, applied overnight to the entire body 
surface, including the head, neck, scalp, hairline, and face, regardless of the location of the 
lesion. Efficacy is increased if the treatment is repeated 1 week later. Itching can persist for 


several weeks after successful treatment; however, the appearance of new lesions may suggest 
treatment failure or reinfestation. To reduce the potential of reinfestation, clothing, linens, and 
towels used within the previous week must be washed in hot water and dried at high heat. 
Patients with crusted scabies often fail to respond to a single application of topical permethrin 
and may require repeated topical treatments and/or off-label treatment with oral ivermectin. 


Figure 55. 
Scabies infestation causes intense itching and a papular or vesicular rash that may be particularly 


prominent in the interdigital webs. When chronic, such as in this patient, affected skin becomes 
hyperkeratotic and crusted. 
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Lice 


Head louse infestation is common among school children. Pubic louse infestation is typically a 
sexually transmitted disease in adults, and affected patients should be screened for other sexually 
transmitted diseases. Body louse infestation is common among the homeless and is a risk factor 


for endocarditis caused by Bartonella quintana. The diagnosis of lice is established by 
identifying crawling lice in the scalp or pubic hair. Louse egg cases are called nits and are found 
sticking to the hair shaft in patients with lice. Nits are generally easier to see than lice. 


Topical pediculicides remain the preferred treatment for head and pubic louse infestations. Body 
louse infestations are treated by disinfecting the clothing. Lindane is considered a second-line 
treatment by the Centers for Disease Control and Prevention because of its rare association with 
seizures, but these have almost always been associated with ingestion or gross misuse of the 
product. Oral ivermectin has been used off-label. 
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Bedbug Bites 


Bedbug infestation is becoming increasingly common. Cimex lectularius and C. hemipterus 
(Figure 56) are nocturnal, hiding in cracks and crevices during the day and biting at night, often 
in a series (“breakfast, lunch, and dinner”) on exposed sites such as the face, neck, arms, and 
hands (Figure 57). The lesions are painless and appear as pruritic, urticaria-like papules with a 
central hemorrhagic punctum. Eradication of bedbugs is best done by professionals. 
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Figure 56. 


Bedbugs are nocturnal, hiding in cracks and crevices during the day and biting at night. 


Figure 57. 


Bedbug bites often occur in a series (“breakfast, lunch, and dinner”); lesions are painless and 
appear as pruritic, urticaria-like papules. 
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Cuts, Scrapes, Burns, and Blisters 


e Topical Wound Care 
e Burns 


e Friction Blisters 


Key Points 


e White petrolatum is the treatment of choice for the care of minor wounds. 

e Occlusive, moist (rather than dry) dressings are now recommended for treatment of most 
wounds. 

e First aid for first-degree burns includes the application of ice or cold compresses; a 
dressing is not indicated. 

e Tetanus prophylaxis is indicated for patients with second-degree burns. 

e The best strategy for the prevention of friction blisters is the use of thick, soft socks. 

e Antiperspirants decrease the incidence of blisters but may cause irritant dermatitis. 
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Topical Wound Care 


Most simple cuts and scrapes heal well with soap, water, and application of white petrolatum. A 
dressing that provides a moist wound environment is preferred, as it accelerates wound healing 
time by up to 50%. An inexpensive occlusive dressing can be made using a nonadherent dressing 
and plain petrolatum. Perforated plastic films, such as those commonly found on adhesive 
bandages, are inexpensive and readily available. Advanced dressings for larger, complicated 
wounds can be categorized into five basic types (Table 17). 


Studies evaluating infection rates following skin biopsy showed no significant differences 
between prophylactic treatment with petrolatum and bacitracin; treatment with the latter, 
however, was complicated by allergic contact dermatitis. For this reason, many dermatologists 
now use only petrolatum following biopsy in noninfected skin. 


Oral antibiotic therapy or topical mupirocin is useful for clinically impetiginized (secondarily 
infected) wounds; however, mupirocin resistance is emerging, with 2% to 50% of isolates 
demonstrating resistance. There is little evidence of emerging resistance to triple antibiotic 
ointment (neomycin, polymyxin B, and bacitracin), but neomycin is a frequent contact allergen. 


Retapamulin is a new pleuromutilin that is effective against staphylococci (including methicillin- 
resistant Staphylococcus aureus) as well as many gram-negative bacteria. How it compares 
clinically with mupirocin and other older agents remains to be determined. 


Table 17. Dressing Categories, Indications, Advantages, and 
Disadvantages 


Products Indications Advantages Disadvantages 

Hydrogels Painful wounds, post- Semitransparent, Require secondary 
dermabrasion, laser wounds, soothing, do not adhere dressing, frequent 
chemical peels, partial- to wounds dressing changes, difficult 
thickness and granulating to retain in wounds 
wounds 

Alginates Highly exudative wounds, Absorbent, hemostatic, Require secondary 
partial-or full-thickness nonadherent, fewer dressing, difficult to 
wounds, cavitary wounds, dressing changes remove 
postoperative wounds 

Hydrocolloids Partial-or full-thickness Absorbent, bacterial Opaque, foul-smelling 
wounds, pressure ulcers barrier, physical barrier, gel, cost 

extended wear time 

Foams Moderate to heavy draining Absorbent, conform to Opaque, require 

wounds to relieve pressure body contours, act like a secondary dressing, may 
cushion adhere to wounds, cost 

Films Donor sites, superficial Transparent, bacterial May adhere to wounds, 
burns, partial-thickness barrier, adherent can cause fluid collection 
wounds with minimal 
exudate 


Adapted from Chouchair M, Faria D. Dressings and Wound Care. In: Alguire PC, Mathes BM, 
eds. The Clinics Atlas of Office Procedures: Dermatologic Procedures. Philadelphia, PA: W.B. 
Saunders Company; 1999: 75-83. Copyright © 1999, Elsevier. 
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Burns 


Emergency treatment of first-degree burns includes the immediate application of ice or cold 
compresses until the area is pain free. Dressings are not required, and prophylactic antibiotics are 
not indicated. Topical anesthetics and oral NSAIDs can reduce pain. 


Second-degree burns involving a small amount of body surface area can often be treated in the 
ambulatory setting. The burn is gently washed with an antiseptic soap and water. Tetanus 
prophylaxis is indicated in patients who have not been vaccinated within the past 10 years. 
Liberally applied topical silver sulfadiazine provides prophylaxis against infection but is 
contraindicated in patients with a sulfa allergy and in pregnant women. Empiric systemic 
antibiotics are not indicated, but the wound should be monitored for clinical evidence of 
infection. 
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Friction Blisters 


The incidence of foot blisters can be reduced by the use of closed-cell neoprene insoles, thick 
acrylic socks, or thin polyester socks combined with thick wool or polypropylene socks. Topical 
antiperspirants, such as 20% aluminum chloride hexahydrate, applied daily for at least 3 days 
before a long hike, reduced the incidence of foot blisters from 48% to 21%. However, irritation 
was commonly reported by those using the antiperspirant. 


Topical acrylates have been used to treat friction blisters, but results are mixed, with some 
studies showing greater discomfort and no improvement in healing time. Treatment of friction 
blisters remains similar to that for other minor injuries. Removal of the blister roof with 
application of a thin adherent hydrocolloid dressing can improve function during the healing 
phase. 


Bibliography 


e Acikel C, Oncul O, Ulkur E, Bayram I, Celikoz B, Cavuslu S. Comparison of silver 
sulfadiazine 1%, mupirocin 2%, and fusidic acid 2% for topical antibacterial effect in 
methicillin-resistant staphylococci-infected, full-skin thickness rat burn wounds. J Burn 
Care Rehabil. 2003;24(1):37-41. [PMID:12543989]. See PubMed 

e Herring KM, Richie DH Jr. Comparison of cotton and acrylic socks using a generic 
cushion sole design for runners. J Am Podiatr Med Assoc. 1993;83(9):515-522. 
[PMID:8289142]. See PubMed 

e Knapik JJ, Reynolds K, Barson J. Influence of an antiperspirant on foot blister incidence 
during cross-country hiking. J Am Acad Dermatol. 1998;39(2 Pt 1):202-206. 
[PMID:9704829]. See PubMed 

e Odou MF, Muller C, Calvet L, Dubreuil L. In vitro activity against anaerobes of 
retapamulin, a new topical antibiotic for treatment of skin infections. J Antimicrob 
Chemother. 2007;59(4):646-651. [PMID:17350985]. See PubMed 

e Smack DP, Harrington AC, Dunn C, et al. Infection and allergy incidence in ambulatory 
surgery patients using white petrolatum vs bacitracin ointment. A randomized controlled 
trial. JAMA. 1996;276(12):972-977. [PMID:8805732]. See PubMed 


PreviousNext 


Common Neoplasms 


Premalignant and Malignant Tumors 
Sun Protection and Skin Cancer Prevention 


Benign Tumors 


Key Points 


Basal cell carcinoma can appear as a translucent nodule with telangiectasia on the face 
(nodular); pink, scaly, flat lesions with a pearly edge on the trunk or limbs (superficial); 
or a slowly enlarging, skin-colored “scar” (morpheaform). 

Biopsy of suspected basal cell carcinoma confirms the diagnosis and helps plan the most 
appropriate therapy. 

Cutaneous squamous cell carcinoma presents as a slowly evolving, isolated, keratotic or 
eroded macule, papule, or nodule that commonly appears on the scalp, neck, pinna, or lip. 
Keratoacanthoma presents as a nodule that grows rapidly and develops a central keratotic 
plug; most lesions involute within 2 months to 1 year. 

Pigmented lesions should be evaluated using the ABCDE method: Examine for 
Asymmetry, irregular Border, irregular Color, expanding Diameter, and Evolution. 

All suspicious pigmented lesions should be biopsied; a complete excisional biopsy is 
generally preferred. 

Surgery is the mainstay of therapy for patients with melanoma; the extent of surgery 
depends upon the thickness of the primary melanoma. 

Protective clothing, use of topical sunscreens, and avoidance of midday sun are the major 
interventions for the prevention of skin cancer. 

Patients who are aggressive about sun protection may be at risk for vitamin D deficiency; 
appropriate oral vitamin D supplementation should be considered. 

Patients at high risk for melanoma should receive annual skin examinations and should 
be counseled to perform self-examination. 

Any new or changing mole should be evaluated for possible biopsy. 

Patients with many nevi, atypical nevi, and congenital nevi have a higher risk for 
malignant melanoma. 

Suspicious lesions should be removed, usually with excision or saucerization. 
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Premalignant and Malignant Tumors 


Basal Cell Carcinoma 

Invasive Squamous Cell Carcinoma 
Malignant Melanoma 

Actinic Keratosis 
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Basal Cell Carcinoma 


Basal cell carcinoma (BCC) is the most common form of skin cancer. It rarely metastasizes, but 
its growth and treatment can be a source of morbidity. The most common type of BCC is the 
nodular type. Nodular lesions are pearly and pink with telangiectatic vessels (Figure 58) and 
may have a central depression; ulceration and crusting can occur. Flecks of melanin pigment 
may be present. BCC may be clinically difficult to visualize in sun-damaged skin; the diagnosis 
should be suspected in any area of friable skin that bleeds easily. Superficial multifocal BCC 
commonly occurs on the trunk or limbs as discrete erythematous patches. A thin, rolled border 
may be visible. Morpheaform, infiltrative, and micronodular variants are more aggressive and 
often have ill-defined clinical margins. Morpheaform BCC resembles a scar that gradually 
expands. 


Most often the diagnosis of BCC can be suspected by findings on clinical examination, but 
diagnosis and selection of the most appropriate therapy require biopsy confirmation. Common 
biopsy techniques include shave or punch. Most BCCs will require referral and are treated with 
excision. Ill-defined lesions, high-risk histologic types, and tumors on the face and hands are 
often best treated with Mohs micrographic surgery. Selected superficial lesions can be treated 
with curettage or imiquimod. Radiation therapy is an alternative for patients who are unable to 
undergo surgery. 


Figure 58. 


Basal cell carcinomas typically present as pearly papules with telangiectasias. 
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Invasive Squamous Cell Carcinoma 


Cutaneous squamous cell carcinoma (SCC) presents as a slowly evolving, isolated, keratotic or 
eroded macule, papule, or nodule that commonly appears on the scalp, neck, pinna, or lip 
(Figure 59). There is a higher risk of metastasis in invasive carcinoma arising from lesions 
associated with Bowen disease (see below), scars, and ulcers, as well as those that occur on the 
lips, ears, and anogenital region. Other risk factors for metastasis include tumors larger than 2 cm 
or deeper than 4 mm and those that are poorly differentiated or have vascular invasion. SCC of 
the digits is typically induced by human papillomavirus (HPV) infection. Other risk factors 
include radiation or arsenic exposure, cigarette smoking, treatment with psoralen and ultraviolet 
A (PUVA), immunosuppression, xeroderma pigmentosa, and oculocutaneous albinism. 


Shave or punch biopsy confirms the diagnosis of SCC, and referral for definitive treatment is 
recommended. While some shallow lesions can be treated with electrodesiccation and curettage, 
most lesions require excision. For ill-defined lesions, those with perineural invasion, or those on 
the face and hands, Mohs micrographic surgery is an excellent choice. Radiation therapy may be 
appropriate as a primary treatment or as adjuvant therapy in tumors with nodal involvement or a 
high risk of recurrence. 


Figure 59. 


Squamous cell carcinomas present as hyperkeratotic scaly or crateriform lesions. 


Courtesy of Barbara Mathes, MD, FACP. 
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Bowen Disease 


Bowen disease is a form of anaplastic in situ SCC that presents as circumscribed erythematous or 
pigmented patches that typically have a keratotic surface (Figure 60). Invasive carcinoma arising 
in Bowen disease has a 13% to 33% risk of metastasis. Genital Bowen disease is caused by HPV, 
and both the patient and sexual partners should be screened for other HPV-induced malignancies, 
including those of the cervix and anal canal. Bowen disease in nongenital, sun-protected areas 
may be associated with arsenic ingestion or internal malignancies. 


Malignant cells extend along the follicles into the deep dermis, resulting in a significant rate of 
recurrence after topical therapy. Despite this, many lesions can be “debulked” with topical 5- 


fluorouracil, imiquimod, photodynamic therapy, or electrodesiccation and curettage. Definitive 
treatment often requires excision or destruction via cryotherapy. 


Figure 60. 


Bowen disease presents with erythematous or hyperpigmented plaques that may have a keratotic 
surface. The plaques can resemble persistent eczema. 
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Keratoacanthoma 


Keratoacanthoma is a form of rapidly growing SCC that may undergo terminal differentiation, in 
which the tumor “‘keratinizes itself to death” and involutes spontaneously within months. Early 
lesions present as solitary, round nodules that grow rapidly. As the lesions mature, a central 
keratotic plug becomes visible and the lesion becomes crater-like (Figure 61). Multiple 
keratoacanthomas can be inherited in an autosomal dominant fashion. Patients who also have 
sebaceous neoplasms should be screened for Muir-Torre syndrome, which is associated with 
hereditary nonpolyposis colorectal cancer. 


Despite the fact that keratoacanthomas may spontaneously involute, their rapid growth can 
render them very destructive. Most lesions are best treated with excision. 


Figure 61. 


Early keratoacanthoma lesions present as solitary, round nodules that grow rapidly (/eft). Fully 
developed keratoacanthoma with a visible central keratotic plug (right). 
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Malignant Melanoma 


The incidence of malignant melanoma in the United States has increased dramatically in the past 
several decades. The lifetime risk of melanoma in the United States for persons with light skin is 
close to 1 in 50. The disease is less common in the Hispanic and black populations. Melanomas 
occur with increasing frequency in older persons, but younger persons and even children can be 
affected. Melanoma is now one of the most common malignancies in women between the ages of 
25 and 40 years. Patients at greatest risk for melanoma include those with a family history of 
melanoma, 50 or more moles, atypical moles, fair skin, freckles, blond or red hair, blue eyes, or a 
history of sunburns. 


Lentigo maligna is the most common form of melanoma. It begins as a uniformly pigmented, 
light-brown patch on the face or upper trunk that is confined to the epidermis. Over time, the 


lesion expands and becomes more variegated in color (Figure 62). Lentigo maligna melanoma is 
the term applied to a lentigo maligna that has invaded the epidermis. Superficial spreading 
melanoma is the next most common variant and presents as a well-defined asymmetric patch or 
plaque with an irregular border, variation in color, and an expanding diameter (Figure 63). Most 
skin cancers occur on exposed skin, but superficial spreading melanoma tends to occur on the 
back in men and the legs in women (areas that receive intermittent sun and are prone to sunburn). 
Nodular, acral lentiginous, and mucosal melanomas are less common but are very important 
because there is often a delay in diagnosis that leads to a poor prognosis (Figure 64 and Figure 
65). Amelanotic lesions resemble basal cell carcinoma or appear as nondescript pink macules 


(Figure 66). 


Pigmented lesions should be evaluated using the ABCDE method: Examine for Asymmetry, 
irregular Border, irregular Color, expanding Diameter, and Evolution. Any expanding pigmented 
nail streak, papule, nodule, or patch should raise suspicion for melanoma. 


Any suspicious lesion should be biopsied. A complete excisional biopsy is preferred. Lentigo 
maligna represents an important exception, where a broad, paper-thin shave biopsy offers the 
highest yield. The biopsy should be performed by an experienced dermatologist. Punch biopsies 
are to be avoided in the setting of suspected lentigo maligna because the false-negative rate 
approaches 80%. 


Surgery is the mainstay of therapy for patients with melanoma. Because melanoma tumor cells 
can extend beyond the visible borders of the melanoma, wide excision is necessary to ensure that 
all melanoma is removed. The extent of surgery depends upon the thickness of the primary 
melanoma and is best performed by a specialist. Complete excision of thin (less than 1 mm in 
depth), nonulcerated melanomas is associated with good outcomes, with survival rates greater 
than 95%. Sentinel lymph node biopsy is generally recommended for patients with tumors 
greater than | mm thick; however, it has not consistently been shown to benefit long-term 
survival. 


The prognosis for metastatic disease remains poor, as melanoma fails to respond to most 
traditional chemotherapies. Interferon alfa therapy has shown mixed results in clinical trials, and 
its effect on overall survival remains unclear. 


Figure 62. 


Lentigo maligna presents as a slowly enlarging, variegated, pigmented patch on sun-damaged 
skin. 


Figure 63. 


Superficial spreading melanomas are typically larger than 6 mm with irregular borders and 
pigmentation. 


Courtesy of Dr. David Crosby. 


Figure 64. 


Nodular melanomas often present as uniformly dark blue or black “berry-like” lesions that most 
commonly originate from normal skin. They can also arise from a preexisting nevus, as did this 
melanoma. Nodular melanomas expand vertically rather than horizontally. 


Robinson JK. Basal Cell Carcinoma. 
http://pier.acponline.org/physicians/diseases/d888/d888.html (login required). [Date accessed: 
2009 July 9] In: PIER [online database]. Philadelphia, American College of Physicians, 2003. 
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Figure 65. 


Acral lentiginous melanoma, with pigmentation involving the proximal nail fold and cuticle. 


Courtesy of Dr. David Crosby. 


Figure 66. 


Amelanotic malignant melanoma mimics basal cell carcinoma clinically and can be nonspecific 
in appearance. 
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Actinic Keratosis 


Actinic keratoses are precancerous lesions that can develop into invasive SCC. They typically 
present clinically as erythematous lesions with overlying hyperkeratosis (Figure 67). 


Actinic keratoses are often easier to feel than to see, making palpation a key element of the 
physical examination. Actinic keratoses can be treated with liquid nitrogen cryotherapy, topical 
application of 5-fluorouracil or imiquimod, photodynamic therapy, chemical peels, or 
dermabrasion. 


Figure 67. 


Actinic keratoses present as scaly to gritty macules or flat papules that are often better felt than 
seen. More hypertrophic lesions may be thickened and may even develop into cutaneous horns. 
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Sun Protection and Skin Cancer Prevention 


Protective clothing, topical sunscreen preparations, and avoidance of midday sun remain the 
major interventions for the prevention of skin cancer. Regular application of a high—sun- 
protection-factor sunscreen (at least 15, preferably 30 or greater) that protects against both 
ultraviolet B and ultraviolet A rays is recommended. Sunscreen has a direct protective effect 
against acute ultraviolet damage and nonmelanoma skin cancer. Concerns that the use of 
sunscreen may increase the incidence of melanoma have not been borne out in studies; however, 
patients who are aggressive about sun protection may be at risk for vitamin D deficiency. 
Appropriate oral vitamin D supplementation should be considered. 


The U.S. Preventive Services Task Force has not found sufficient evidence to recommend for or 
against routine screening by clinical examination to prevent skin cancer. Patients at high risk for 
melanoma should receive annual skin examinations. Patients should be asked if they have 


noticed any new or changing moles, and patients with atypical moles and a personal or family 
history of melanoma should be encouraged to perform periodic self-examination. 
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Benign Tumors 


e Seborrheic Keratosis 


e Skin Tags 
e Corns 


e Epidermoid and Pilar Cysts 


e Benign Melanocytic Nevi 
e Neurofibromas 


e Pyogenic Granulomas 

e Venous Lakes 

e Dermatofibromas 

e Hypertrophic Scars and Keloids 


e Sebaceous Hyperplasia 
e Digital Mucous Cysts 
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Seborrheic Keratosis 


Seborrheic keratoses are common, benign neoplasms that present as brown to black, well- 
demarcated, “stuck-on’—appearing papules with waxy surfaces and horn cysts (Figure 68). 
Variants of seborrheic keratosis include stucco keratosis (small, white, superficial keratoses on 
the lower legs of older individuals) and dermatosis papulosa nigra (dark-brown macules and 
papules on the cheeks of black patients). Leser-Trélat sign (the sudden appearance of many 
seborrheic keratoses, typically with pruritus) may be a sign of internal malignancy. 


If the diagnosis is questionable, shave biopsy and histologic evaluation should be obtained. No 
treatment is needed for seborrheic keratoses unless they are inflamed, irritated, or itchy. They 
can be treated with liquid nitrogen cryotherapy, curettage, or shave excision. 


Figure 68. 


Seborrheic keratoses appear “stuck on” and have a verrucous surface. Pseudo—horn cysts may be 
visible on the surface. 
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Skin Tags 


Skin tags (acrochordons) are soft, pedunculated, fleshy papules that occur on the sides of the 
neck, axillae, inframammary region, groin, and buttocks. They may be caused by increased 
concentrations of insulin or insulin-like growth factors and may be a marker for type 2 diabetes 
mellitus. Treatment with excision, cryosurgery, or electrodesiccation is necessary only if the 
lesion is irritated or for cosmetic reasons. 
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Corns 


A corn (clavus) is a localized area of hyperkeratosis with a central, translucent, hyperkeratotic 
core. Corns form in areas of chronic pressure and are typically quite tender; hard corns occur on 
the external aspects of the foot, and soft corns are found between the toes. Lesions usually 
respond to paring or salicylic acid plasters. Radiography may be indicated to identify underlying 
bony abnormalities in the case of persistent or recurrent corns. 
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Epidermoid and Pilar Cysts 


Epidermoid cysts (sebaceous cysts) are freely movable, often solitary cysts that have a 
characteristic central punctum and that occur on the face, neck, upper trunk, and scrotum. Pilar 
cysts on the scalp usually occur in groups and may be irritated by hair brushing. Although 
bacteria can commonly be cultured from cysts, the bacterial density is the same in inflamed and 
noninflamed cysts, which suggests that the inflammation is not related to infection but rather to 
rupture of the cyst wall and a subsequent intense inflammatory reaction. Inflamed cysts are very 
painful and respond to incision and drainage or intralesional injection with triamcinolone. 
Systemic antibiotics are not necessary. In the absence of inflammation, recurrent cysts may be 
excised. 
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Benign Melanocytic Nevi 


Acquired melanocytic nevi occur in most of the population. Patients with many nevi, atypical 
nevi, and congenital nevi have a higher risk for malignant melanoma. Suspicious lesions should 
be removed. Complete excisional biopsy is the preferred method of removal, because a partial 
biopsy can lead to misdiagnosis. 
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Halo Nevi 


Halo nevi are surrounded by a symmetric halo of depigmentation (Figure 69). If the mole is 
small, evenly pigmented, and symmetric, it does not require a biopsy. Atypical lesions should be 
removed. 


Figure 69. 


Halo nevus, with a depigmented halo surrounding the lesion. 
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Atypical (Dysplastic) Nevi 


Atypical (dysplastic) nevi occur predominantly on the trunk, are usually larger than 6 mm, and 
have a border that is characteristically fuzzy and ill defined (Figure 70). The shape can be round, 
oval, or asymmetric. The color is usually brown but can be mottled with dark brown, pink, and 
tan colors. Some of the clinical features of dysplastic nevi are similar to melanoma. Some 
individuals have only | to 5 lesions, whereas others have more than 100 lesions. Multiple 
atypical moles are a risk factor for melanoma. Changing lesions should be removed. The “ugly 
duckling” sign refers to the finding of one mole that appears more atypical than those around it; 
“ugly duckling” moles should also be removed. Excision or scoop saucerization (deep shave that 
includes the dermis) typically produces the best results. 


Figure 70. 


Atypical (dysplastic) nevi are commonly larger than 6 mm with mottled pigment and irregular or 
blurred margins. 
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Neurofibromas 


Neurofibromas are soft, flesh-colored to hyperpigmented papules and nodules that may resemble 
benign melanocytic nevi (Figure 71). They characteristically demonstrate a “buttonhole sign” 
(invagination of the lesion with vertical or lateral pressure). Multiple neurofibromas are 
associated with von Recklinghausen disease; however, many adults have one or two 
neurofibromas that are not associated with any underlying conditions. Patients with multiple 
neurofibromas should be examined for other stigmata of von Recklinghausen disease, such as 
café-au-lait macules and axillary freckling. 


Figure 71. 


Neurofibromas present as soft, compressible, flesh-colored to hyperpigmented papules and 
nodules. 


Courtesy of Dr. David Crosby. 
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Pyogenic Granulomas 


Pyogenic granulomas are friable, mushroom-shaped, rapidly growing (a few days to weeks), red 
papules that bleed easily (Figure 72). Despite the name, they are not caused by infection but 
rather by capillary proliferation. Pyogenic granulomas do not require treatment, but treatment 
might be considered for cosmetic reasons, if they bleed easily, or if they are painful or otherwise 
bothersome. Treatment options include shave excision with silver nitrate cauterization and 
electrodesiccation of the base. 


Figure 72. 


Pyogenic granulomas are red and friable 
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Venous Lakes 


Venous lakes are common on sun-damaged skin. They appear as blue-black macules or papules 
on the ears or lips, where they can be confused with melanoma. They turn red and then disappear 
when pressure is applied with a glass slide (Figure 73). Electrocautery or laser treatment can be 
used if the lesion causes recurrent bleeding or is cosmetically unacceptable. 


Figure 73. 


Venous lakes are common on sun-damaged skin and appear as blue-black macules or papules 
(left). When compressed with a glass slide, venous lakes disappear. This differentiates them from 
nodular melanoma and blue nevi, which do not disappear with compression (right). 
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Dermatofibromas 


Dermatofibromas appear as firm dermal nodules about the size of a pencil eraser; they are 
associated with a “button hole” or dimple when the lateral sides are pinched together. They are 
most common on the legs of adult women but also occur on the trunk in both males and females. 
The surface is often pink or brown (Figure 74). 


Dermatofibrosarcoma protuberans is a relatively rare form of fibrosarcoma that occurs on the 
trunk as a plaque studded with nodules. It arises de novo rather than from a benign 
dermatofibroma. 


No treatment for dermatofibroma is necessary unless the lesion is symptomatic, has changed, or 
is bleeding; in these circumstances, excision is indicated. 


Figure 74. 


Dermatofibromas appear as firm dermal nodules about the size of a pencil eraser. They are 
frequently hyperpigmented or may have pigment at the periphery. 
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Hypertrophic Scars and Keloids 


Hypertrophic scars occur at sites of surgery or trauma. They remain confined to the area of the 
original scar and resolve spontaneously within 2 years. Itchy or troublesome hypertrophic scars 
respond to intralesional injection with triamcinolone. 


In contrast to hypertrophic scars, keloids may occur spontaneously or at sites of trauma. They 
grow in a clawlike fashion beyond the confines of the original scar (Figure 75) and do not 
resolve spontaneously. They may be treated with intralesional corticosteroids, vascular lasers, 
and cryotherapy. Depigmentation of the overlying skin is the most common complication of 
therapy. The risk of recurrence after excision can be reduced by intralesional injection of 
corticosteroids or adjuvant radiation. 


Figure 75. 


Keloids develop claw-like extensions or dumbbell-shaped ends. 
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Sebaceous Hyperplasia 
Sebaceous hyperplasia is a common skin condition that appears as yellow, umbilicated papules 
on the forehead or cheeks (Figure 76). Overlying telangiectasias are common. In black patients, 


the lesions may occur in parallel rows on the neck and chest. Fordyce spots represent sebaceous 
hyperplasia of the lips or oral mucosa. Treatment is not necessary. 


Figure 76. 


Sebaceous hyperplasia presents as a yellow to pink papule with a central dimple. 
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Digital Mucous Cysts 


Digital mucous cysts appear as translucent papules on the distal phalanges of patients with 
osteoarthritis. Those overlying the nailfolds can cause a corresponding groove in the nail. The 
lesions form as a result of leakage of joint mucin into the surrounding skin. Digital mucous cysts 


respond to excision, cryotherapy, or intralesional corticosteroid injection. Because of the 
possibility of connection to the joint space, therapy should only be attempted by clinicians 
experienced in treating these lesions. 
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Pruritus 


Overview 


Evaluation and Diagnosis 
Treatment 


Key Points 


Dermatitis (eczema) and dry skin are the most common causes of pruritoceptive pruritus. 
Neurogenic pruritus, generalized itching without evidence of a primary skin disorder, 
should prompt a thorough evaluation for a systemic cause. 

Intractable neuropathic pruritus is localized itching without evidence of a primary skin 
disorder and may be the result of degenerative changes or bulging disks. 

Recognition of the cause of pruritus (pruritoceptive, neurogenic, neuropathic, or 
psychogenic) guides evaluation and treatment. 

Antihistamines are most useful to treat pruritus that is directly mediated by histamine, but 
they may be a helpful adjunct in the treatment of other types of pruritus. 
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Overview 


Pruritus is the sensation of itch. Itch can be divided into four categories: pruritoceptive (itch that 
is generated within the skin), neurogenic (itch caused by a systemic disease or circulating 
pruritogens), neuropathic (itch caused by an anatomic lesion in the peripheral or central nervous 
system), and psychogenic. 
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Evaluation and Diagnosis 


Evaluation of pruritus requires a thorough history, including a complete drug history, review of 
systems, and social history, followed by a detailed physical examination. 
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Pruritoceptive Pruritus 


A history of acute onset, related exposure, recent travel, involvement of household members, or 
localized itch suggests a cutaneous rather than systemic cause of the itch. The most important 
features on physical examination are the presence or absence of primary lesions and their 
distribution. The presence of primary lesions suggests that the cause of pruritus is dermatologic 
(pruritoceptive itch). The most common causes of this type of itch are primary dermatitis 
(eczema) and dry skin (xerosis). Other common causes of pruritoceptive itch include urticaria, 
dermatophyte infections, lice, scabies, lichen simplex chronicus, and psoriasis. 
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Neurogenic Pruritus 


The absence of visible skin lesions or the presence of only secondary lesions (erosions or 
lichenification) in areas easily reached by the patient (upper shoulders, buttocks, and extensor 
extremities) and sparing areas that the patient cannot reach (mid back) suggests neurogenic itch 
(Figure 77 and Figure 78). Neurogenic itch should prompt a thorough evaluation for systemic 
causes of pruritus. Important underlying causes of neurogenic itch include cholestasis, end-stage 
renal disease, thyroid disease (hypo- or hyperthyroidism), iron deficiency anemia, malignancy 
(usually hematologic or lymphoma), medications (opiates), and HIV infection. The suggested 
evaluation of patients with neurogenic itch is listed in Table 18. 


Figure 77. 


Linear erosions without primary lesions and with an area of sparing in the central back in a 
patient with cholestatic liver disease. 


mae 


Figure 78. 


Linear erosions without primary lesions in a patient with cholestatic liver disease. 


Table 18. Suggested Evaluation of Patients with Neurogenic 
Pruritus 


Complete blood count with differential 

Serum iron level, serum ferritin level, total 1ron-binding capacity 
Serum thyroid-stimulating hormone and free thyroxine levels 

Renal function tests (blood urea nitrogen and serum creatinine levels) 


Liver chemistry tests (serum total and direct bilirubin, alkaline phosphatase, y- 
glutamyltransferase, aspartate aminotransferase, alanine aminotransferase, fasting total plasma 
bile acid levels) 


Chest radiograph 


Age- and sex-appropriate malignancy screening, with more advanced testing as indicated by 
symptoms (for example, weight loss, early satiety) 
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Neuropathic Pruritus 


A localized and persistent area of pruritus without associated primary skin lesions, usually on the 
back or forearms, suggests neuropathic itch. The most common forms of neuropathic itch are 
notalgia paresthetica and brachioradial pruritus. Notalgia paresthetica presents with localized 
pruritus, most commonly on the medial back around the scapula. Brachioradial pruritus is 
characterized by burning, itching, or stinging on the extensor arms, forearms, and upper back. 
The skin in either case may have no visible findings or may have a hyperpigmented patch with a 
corrugated appearance. Chronic sun damage may also contribute to the cause of brachioradial 
pruritus. Disease of the cervical and/or thoracic spine, particularly degenerative changes, can be 
identified in a significant proportion of patients with brachioradial pruritus or notalgia 
paresthetica. Neurologic examination is appropriate to evaluate for evidence of sensory or motor 
dysfunction or abnormal reflexes. Spinal imaging can be performed as is clinically indicated; 
however, in the absence of neurologic dysfunction, studies are unlikely to affect the management 
and/or outcome of these conditions. 
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Psychogenic Pruritus 


Psychogenic pruritus may be generalized but is most often confined to the extremities, and, like 
neurogenic and neuropathic pruritus, occurs in the absence of primary skin lesions. Secondary 
scattered linear excoriations are the most common finding. Most patients with psychogenic 
pruritus are able to identify a precipitating psychological trigger. Psychogenic pruritus is a 
diagnosis of exclusion. 
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Treatment 


Treatment of pruritus is optimized by identifying the cause and type of itch and addressing the 
underlying disorder whenever possible. Most patients with pruritus, particularly those with 
xerosis or atopic dermatitis, should be counseled on gentle skin care, regular use of moisturizers 
and occlusives, avoiding hot baths and showers, avoiding harsh soap, and use of air 
humidification. Moisturizers supply water to the skin. Occlusives with petrolatum help to reduce 
water loss from skin and are appropriate for use in combination with moisturizers. 


Topical corticosteroids, often in conjunction with oral antihistamines, are standard treatment for 
any type of eczema. If a primary skin lesion is present, topical corticosteroids should be used. 
Topical corticosteroids are usually tried in other causes of itch but have a variable response, 
particularly for treatment of neuropathic and neurogenic itch. 


The following topical and systemic medications are suggestions based on their most efficacious 
uses, but patient response may be unpredictable. Although marketed for treatment of itch, topical 
diphenhydramine is rarely used by dermatologists because of its high incidence of contact 
sensitization. Topical doxepin may be useful but is also a potential sensitizer and may lead to 
sedation even when applied topically. Topical capsaicin treats itch but often causes itching, 
stinging, and burning, especially at the beginning of therapy. Topical anesthetics, including 
pramoxine and a cream containing 2.5% lidocaine and 2.5% prilocaine, may be useful for 
treating localized itch, but, because of potential systemic absorption, should be used in small 
areas for a limited duration. Application of cold packs may help relieve the symptoms of 
neuropathic itch. 


Antihistamines are most effective for treatment of histamine-mediated pruritus, such as that 
occurring in urticaria or mastocytosis. However, they may also be effective in treating other 
types of itch, in part due possibly to their sedating properties. Doxepin is a tricyclic 
antidepressant that has potent Hı and H, antihistamine properties. It is particularly useful for 
treating pruritus associated with anxiety or depression. Paroxetine and mirtazapine have also 
been used successfully in some patients with pruritus, although the effect is usually short-lived, 
diminishing after 4 to 6 weeks of therapy. 


Targeted therapies are available for some patients with underlying systemic causes of itch. 
Ultraviolet B light therapy is helpful for most systemic causes of pruritus. Naltrexone, an opioid 
u-receptor antagonist, may be of particular help in treating pruritus in end-stage renal disease and 
cholestasis; systemic antihistamines and topical corticosteroids are often minimally effective in 
these settings. Butorphanol, a «-receptor agonist and u-receptor antagonist, is safe in both renal 
and liver failure. Gabapentin may be helpful to treat neuropathic pruritus and pruritus associated 
with renal failure. Mirtazapine is particularly helpful for nocturnal pruritus and may also help 
treat pruritus associated with renal disease, lymphoma, or liver failure. Notalgia paresthetica or 
brachioradial pruritus may respond to topical capsaicin, gabapentin, or carbamazepine. 
Botulinum toxin has been used successfully for treatment of notalgia paresthetica. 
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Urticaria 


e Causes 


e Clinical Manifestations and Diagnosis 
e Treatment 


Key Points 


e Urticaria presents as episodes of itchy, red wheals with sharp borders that can last from 
minutes to hours. 

e Urticarial lesions often have dusky centers and can be misdiagnosed as erythema 
multiforme. 

e Avoidance of triggers and administration of antihistamines are first-line therapy for 
urticaria. 

e Acute urticaria that does not respond to antihistamines can be treated with prednisone; 
however, there is no role for oral corticosteroids in the management of chronic urticaria. 

e Chronic idiopathic urticaria is best managed with avoidance of triggers, adequate doses 
of a nonsedating antihistamine, a tricyclic agent such as doxepin, a calcium channel 
blocker, or immunosuppressive therapy. 


PreviousNext 


Causes 


Urticaria (hives) is a reaction pattern that may occur in response to an infection, ingested or 
inhaled allergen, medication, or direct mast cell degranulator. Common causes of urticaria are 
medications (including penicillin, sulfonamides, aspirin, NSAIDs, opiates, and contrast dye), 
foods (nuts, fish, eggs, and chocolate), preservatives (sodium benzoate), viral or bacterial 
infection, latex or other physical contacts (heat, cold, pressure), and stinging insects. Individuals 
with asthma, nasal polyps, and aspirin sensitivity often react to tartrazine, natural salicylates, and 
benzoic acid derivatives. About 30% of patients with chronic urticaria report worsening with 
aspirin. 
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Clinical Manifestations and Diagnosis 


Urticaria presents as episodes of itchy, red wheals with sharp borders that can last from minutes 
to hours (Figure 79). Some urticarial lesions have dusky centers and can be mistaken for the 
targetoid lesions of erythema multiforme. Wheals can be multiple or isolated and usually involve 
the trunk and extremities, sparing the palms and soles. Those involving the skin around the 
mouth are considered an emergency, requiring careful observation and investigation for airway 
obstruction. The clinical classification of urticaria depends on symptom duration and 
precipitating factors (Table 19). Lesions that persist longer than 24 hours, burn, or resolve with 
purpura are suspicious for urticarial vasculitis and should be biopsied. Dermographism 
(scratching of skin results in a linear wheal) may be present in any patient with urticaria, but 
some patients have dermographism alone. 


Episodes of urticaria confined to a 6-week period are classified as acute and are commonly 
caused by an acute infection, medication, food, or pollen. Episodes of urticaria that last longer 
than 6 weeks are classified as chronic. Many patients with chronic urticaria have an IgG antibody 
to the IgE receptor; others are reacting to a chronic infection or ingestant. As many as 50% of 
cases of chronic urticaria have no identifiable cause. 


Angioedema, a severe, life-threatening form of urticaria, is characterized by localized edema of 
the skin or mucosa, usually the lips, face, hands, feet, penis, or scrotum. Concomitant 
angioedema and urticaria occur in 40% of patients; 40% have hives alone; and 20% have 
angioedema but no urticaria. Patients with hereditary angioedema (deficiency of Cl-esterase) 
and those with angioedema related to an angiotensin-converting enzyme inhibitor present with 
angioedema without hives. In patients with suspected hereditary angioedema, serum complement 
C2, C4, and Cl-esterase inhibitor levels should be measured. The C2 level is depressed during 
acute attacks of angioedema, and the C4 level is depressed both during and between attacks. 
Acquired Cl-esterase deficiency may be related to lymphoproliferative disease. 


Contact urticaria is common in patients with latex and other proteinaceous allergens. The hives 
occur in areas of direct contact with the allergen. Affected patients often report excessive 
lacrimation, rhinorrhea, or other signs of histamine release during episodes of contact urticaria 
and are at risk for severe systemic reactions. Oral allergy syndrome is a form of contact urticaria 
involving the oropharynx that is related to foods, such as apples, that cross-react with pollen. The 
oral swelling is rarely associated with systemic symptoms. Variants of urticaria are noted in 
Table 20. 


Urticaria is diagnosed clinically and should be accompanied by a careful history and physical 
examination to determine possible causes. As discussed above, laboratory testing should be 
dictated by associated signs and symptoms. A complete blood count is reasonable in any patient 
with chronic idiopathic urticaria. Those with eosinophilia should be evaluated for intestinal 
parasites. Radioallergosorbent testing (RAST) should be performed when the history suggests 
food, pollen, or latex allergy. Thyroid antibodies are commonly found in patients with urticaria, 
but this finding usually is an epiphenomenon. 


Figure 79. 


Urticaria, characterized by itchy, red wheals with sharp borders that usually involve the trunk 
and extremities. Wheals last less than 24 hours. 


Table 19. Clinical Classification of Urticaria and 
Angioedema 


Classification Characteristics 

Ordinary urticaria Acute: up to 6 weeks of continuous activity 
Chronic: 6 weeks or more of continuous activity 
Episodic: intermittent 

Physical urticaria Reproducibly induced by the same physical stimulus 
Aquagenic urticaria 
Cholinergic urticaria 
Cold urticaria 
Delayed pressure urticaria 


Dermographism 
Localized heat urticaria 
Solar urticaria 
Vibratory angioedema 
Angioedema without wheals — 
Contact urticaria Induced by biologic or chemical skin contact 
Urticarial vasculitis Fixed skin lesions lasting >24 h; vasculitis on skin biopsy 


Table 20. Variants of Urticaria 


Classification Characteristics 
Papular urticaria Associated with insect bites 


Cholinergic urticaria Occurs in response to an increase in core body temperature; lesions 
present as small papules with a prominent surrounding erythematous 


flare 
Delayed pressure- Patients often experience systemic symptoms 
induced urticaria 
Exercise-induced On a continuum with exercise-induced anaphylaxis; many patients only 
urticaria develop symptoms if primed by an ingested allergen prior to exercise 
Solar urticaria Some patients who appear to have solar urticaria prove to have lupus 


erythematosus or porphyria 


Cold urticaria Acquired cold urticaria is often related to an underlying infection, 
whereas familial cold urticaria represents an autoinflammatory syndrome 


Vibrational urticaria — 


PreviousNext 


Treatment 


If a trigger of urticaria can be identified, it should be eliminated. Drugs known to cause mast cell 
degranulation (such as aspirin and other NSAIDs) should be avoided. A nonsedating 
antihistamine should be taken on a regular basis, often for weeks to months. Doses higher than 
those reflected in product labeling are often required. Sedating antihistamines may need to be 
added, particularly at night. It should be emphasized to patients that the drug should be taken 
regularly to prevent hives. Patients with severe acute urticaria whose disease is unresponsive to 
antihistamines (H; blockers) should be treated with a 3-week tapered dose of prednisone. 
Prednisone temporarily suppresses chronic urticaria, but the hives recur as soon as the 
prednisone is stopped. Therefore, systemic corticosteroids have no role in the management of 
chronic urticaria. 


Not infrequently, treatment with H; blockers alone is insufficient to control symptoms, and 
additional medications are needed. Data regarding the value of adding an Hz blocker (such as 
cimetidine or ranitidine) are mixed. Doxepin blocks Hı, H2, and serotonin receptors; an evening 
dose of 25-50 mg is often well tolerated. Calcium channel blockers can sometimes be effective. 
Patients who have chronic autoimmune urticaria commonly may require methotrexate, 
azathioprine, or cyclosporine. Intravenous immune globulin, omalizumab, and leukotriene 
inhibitors have produced mixed results. A step approach to treatment of chronic idiopathic 
urticaria is shown in Table 21. 


Patients with acquired angioedema should carry epinephrine. Epinephrine is not considered 
effective for angioedema caused by Cl-esterase inhibitory deficiency. Patients with hereditary 
angioedema related to Cl-esterase inhibitor deficiency should receive Cl-esterase inhibitor 
concentrate (or fresh frozen plasma in emergency situations) and antifibrinolytics such as 
aminocaproic acid or anabolic steroids for maintenance therapy. 
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- Table 21. Therapeutic Ladder for Chronic Idiopathic 
Urticaria 


Avoidance of triggers 

Nonsedating antihistamines 

Doxepin, addition of H? antagonists, or escalating doses of nonsedating antihistamines 
Trial of a calcium channel blocker 

Immunosuppressive agents 
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Autoimmune Blistering Diseases 


Pemphigus Vulgaris and Its Variants 


Bullous Pemphigoid and Other Subepidermal Blistering Diseases 
Dermatitis Herpetiformis 


Key Points 


Pemphigus is characterized by flaccid, fragile blisters that progress to large, weeping, 
denuded areas; oropharyngeal erosions are common. 

Lesions of paraneoplastic pemphigus may be the first sign of an internal malignancy and 
should be suspected in patients with ocular and oral blisters and skin lesions that 
resemble erythema multiforme, bullous pemphigoid, or lichen planus. 

Therapy for pemphigus vulgaris may require years of or lifelong immunosuppression and 
begins with corticosteroids; a corticosteroid-sparing agent should be used early in the 
course of treatment. 

Bullous pemphigoid predominantly involves nonmucosal surfaces and is characterized by 
subepidermal vesicles and blisters that are tense and do not rupture easily. 

Cicatricial pemphigoid predominantly involves the mucous membranes and is 
characterized by blistering with eventual scarring. 

Linear IgA bullous dermatosis can present similarly to bullous pemphigoid, dermatitis 
herpetiformis, or cicatricial pemphigoid and may be idiopathic or caused by drugs, most 
commonly vancomycin. 

Treatment of bullous pemphigoid consists of corticosteroid therapy and, usually, 
corticosteroid-sparing agents such as azathioprine, methotrexate, mycophenolate mofetil, 
rituximab, and intravenous immune globulin. 

Dermatitis herpetiformis is characterized by grouped, pruritic, erythematous 
papulovesicles on the extensor surfaces of the arms, legs, central back, buttocks, and 
scalp. 

Dermatitis herpetiformis is associated with celiac disease. 

Management of dermatitis herpetiformis includes a gluten-free diet and dapsone. 
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Pemphigus Vulgaris and Its Variants 


Clinical Manifestations and Diagnosis 
Treatment 
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Clinical Manifestations and Diagnosis 


Pemphigus vulgaris and its variants are blistering diseases caused by autoantibodies to the 
keratinocyte adhesion molecules desmoglein 3 and/or desmoglein 1. Pemphigus is characterized 


by detachment of adhesions between stratified squamous epithelial cells (acantholysis) on skin 
and mucous membranes. Affected skin has flaccid blisters that generally develop on noninflamed 
skin, are readily broken, and progress to large, weeping, denuded areas (Figure 80). 


Oropharyngeal erosions are common and are frequently the presenting manifestation (Figure 
81). The esophagus and vulva may be involved, and strictures may develop on these surfaces. 
Pemphigus has occurred in association with thymoma and myasthenia gravis and may be caused 
by drugs such as penicillamine and captopril. Variants of pemphigus are listed in Table 22. 


Paraneoplastic pemphigus is characterized by clinically heterogeneous and somewhat atypical 
lesions, including lesions that resemble severe erythema multiforme (with targetoid lesions and 
painful oral lesions), bullous pemphigoid-like lesions, and lichen planus-like lesions. Associated 
tumors are primarily B-cell lymphoma, chronic lymphocytic leukemia, Waldenström 
macroglobulinemia, thymoma, and Castleman disease. The skin findings may precede the 
diagnosis of malignancy or may develop afterwards. In patients with malignancy-associated 
pemphigus, treatment of the malignancy does not always affect the course of the skin disease. 


Blistering skin disorders that cannot be easily explained require biopsy. If there is 
histopathologic acantholysis (loss of cohesion between epidermal cells), biopsy of perilesional 
skin for direct immunofluorescence should be performed. Deposition of intercellular IgG 
confirms the diagnosis of pemphigus (Figure 82). Indirect immunofluorescence microscopy 
demonstrating pemphigus antibodies in the serum may also confirm the diagnosis. The 
quantitative level of pemphigus antibodies, particularly to desmoglein 1 or 3, helps to guide 
therapy because changes in antibody titer in an individual patient usually correlate with disease 
activity. Disappearance of the antibody from the serum often precedes clinical remission. 


Figure 80. 


The flaccid, intraepidermal blisters of pemphigus vulgaris are readily broken, leaving behind 
large, weeping, denuded erosions. 


Figure 81. 


Large superficial erosion on the left buccal membrane characteristic of pemphigus vulgaris. 


Figure 82. 


Immunofluorescence stain showing intercellular IgG deposition characteristic of pemphigus 
vulgaris. 


Table 22. Characteristics of Selected Blistering Diseases 


Disease Characteristics 
Pemphigus Tender, fragile blisters and erosions seen in oral mucosa and skin; mucous 
vulgaris membrane lesions much more common than in bullous pemphigoid; skin 


biopsy for H&E, DIF, and IIF help to distinguish from bullous pemphigoid; 
skin biopsy shows suprabasilar clefting compared with subepidermal clefting 
seen in bullous pemphigoid; Nikolsky sign is positive; autoantibody to 
desmoglein 3 is a hallmark of disease immunopathology 

Pemphigus Scaling and crusted lesions on face and upper trunk, and erythroderma with no 

foliaceus mucosal involvement; Nikolsky sign is positive; skin biopsy shows high 
granular or subcorneal clefting compared with suprabasal clefting seen in PV; 
autoantibody to desmoglein 1 is a hallmark of this disease 


Paraneoplastic Painful oral, conjunctival, esophageal, and laryngeal erosions seen more 

pemphigus commonly than in PV; it is a polymorphous skin eruption marked by confluent 
erythema, bullae, erosions, and intractable stomatitis; patients also have 
respiratory problems that may be fatal; associated with underlying neoplasms: 
NHL (42%), CLL (29%), Castleman disease (10%); gold standard for the 


IgA pemphigus 


Bullous 
pemphigoid 


Cicatricial 
pemphigoid 


Dermatitis 
herpetiformis 


Epidermolysis 
bullosa acquisita 


diagnosis is the demonstration of specific autoantibodies 


A vesicopustular eruption with clear blisters that rapidly transform into 
pustules; trunk and proximal extremities are most commonly involved with 
relative sparing of the mucous membranes; DIF shows deposition of 
intercellular IgA at the epidermal surfaces; IIF shows circulating IgA 
antibodies 


Tense blisters preceded by intense pruritus or urticarial lesions; most 
commonly seen in the elderly on the trunk, limbs, and flexures; does not 
usually present with oral lesions; skin biopsy shows subepidermal bullae 
without acantholysis and with prominent eosinophils; DIF shows linear IgG 
deposition at the basement membrane zone; targets of autoantibodies are 
BP180 and BP230 


Presents with bullae, erosions, milia, and scarring seen on mucous membranes 
and conjunctivae of middle-aged to elderly patients; oral mucosa is almost 
always involved; conjunctival lesions are also common; histology is similar to 
bullous pemphigoid; DIF may reveal patterns similar to BP, linear IgA bullous 
dermatosis, or epidermolysis bullosa acquisita (CP is a phenotype for a variety 
of immunologically different patterns) 


Severely pruritic grouped vesicles or erosions on elbows, knees, back, scalp, 
and buttocks; lesions occur in crops and are symmetrically distributed; often 
the vesicles are not seen because the process is so itchy that they are almost 
immediately broken; histology shows neutrophilic infiltrate at the tips of the 
dermal papillae causing subepidermal separation; DIF shows granular IgA 
deposition; essentially all patients have celiac disease 


Mechanically induced bullae and erosions mostly on extensor areas that heal 
with scarring and milia; histology shows subepidermal cleavage without 
acantholysis; DIF shows IgG deposition at the basement membrane zone that 
localizes to the base on salt-split skin; antibody reacts with type VII collagen; 
associated with SLE and inflammatory bowel disease in some patients 


BP = bullous pemphigoid; CLL = chronic lymphocytic leukemia; CP = cicatricial pemphigoid; 
DIF = direct immunofluorescence; H&E = hematoxylin and eosin (stain); IIF = indirect 
immunofluorescence; NHL = non-Hodgkin lymphoma; PV = pemphigus vulgaris; SLE = 
systemic lupus erythematosus. 
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Treatment 


Whenever feasible, patients should be referred to a dermatologist for management. Some patients 
require years of or lifelong immunosuppressive therapy. Treatment of pemphigus and its variants 
is similar. Initial therapy involves complete suppression of blistering with prednisone (usually 1 
to 2 mg/kg/d). Because therapy may need to be continued for years, corticosteroid side effects 


become a problem. Adjunctive therapy with other immunosuppressant drugs should be 
considered in patients who cannot tolerate corticosteroids or in whom the disease is not 
adequately controlled with corticosteroids. Immunosuppressant drugs should be continued in 
sufficient doses to suppress blistering until serum antibody titers become negative, at which time 
tapering of therapy should be attempted. 


Although any of the following may be used as a corticosteroid-sparing agent, azathioprine is 
most frequently utilized. Second-line agents include methotrexate, intravenous 
cyclophosphamide, and mycophenolate mofetil or chlorambucil. Depending on the agent used, 
potential side effects include leukopenia, hepatotoxicity, teratogenesis, sterility, oral ulcers, and 
cystitis. Patients with excessive toxicity from oral corticosteroids or cyclophosphamide may 
experience decreased side effects with monthly pulse doses. 


Additional adjunctive therapies that have been used with varying degrees of success include 
intramuscular gold therapy, oral dapsone, and oral antimalarial therapy. Dapsone is particularly 
useful in patients with IgA pemphigus; an antimalarial agent may benefit patients with 
pemphigus erythematosus or foliaceus. 


Intravenous immune globulin therapy is approved by Medicare (but not by the U.S. Food and 
Drug Administration) as a potential treatment of pemphigus, and reports have documented its 
effectiveness. The use of biologic agents has been reported to be effective and is being explored 
in multicenter studies. Additionally, multiple studies document the usefulness of intravenous 
rituximab. These therapies at present should only be administered to patients who have 
recalcitrant disease or have intolerable drug-related toxicity. 
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Bullous Pemphigoid and Other Subepidermal Blistering 
Diseases 


e Pathophysiology and Epidemiology 


e Clinical Manifestations and Diagnosis 
e Treatment 
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Pathophysiology and Epidemiology 


Bullous pemphigoid is a blistering disease associated with autoantibodies; however, it is not 
clear that these autoantibodies are the direct cause of the disease. 


Bullous pemphigoid is more common than pemphigus and is less aggressive; however, most 
affected patients are elderly, so morbidity is possible, and death from other causes is not 


uncommon. Although the disease may occur in all age groups, including prepubertal children, its 
onset is most common in the seventh and eighth decades of life. 


Bullous pemphigoid has been associated with psoriasis, diabetes mellitus, systemic lupus 
erythematosus, pernicious anemia, thyroiditis, polymyositis, and rheumatoid arthritis. 
Malignancy is not independently associated with bullous pemphigoid; only patients with the anti- 
epiligrin cicatricial pemphigoid variant need assessment for an associated cancer. 
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Clinical Manifestations and Diagnosis 


Bullous Pemphigoid 
Cicatricial Pemphigoid 


Linear IgA Bullous Dermatosis 
Epidermolysis Bullosa Acquisita 
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Bullous Pemphigoid 


Bullous pemphigoid is a chronic, vesiculobullous eruption that predominantly involves 
nonmucosal surfaces. It is characterized by subepidermal vesicles and blisters that are tense and 
do not rupture easily (Figure 83). Urticarial lesions may precede the onset of blistering. Bullous 
pemphigoid is usually widespread. Sites of predilection include the lower abdomen, inner thighs, 
groin, axillae, and flexural aspects of the arms and legs. A localized variant with bullae limited to 
the pretibial area rarely occurs. 


Figure 83. 


Multiple tense bullae and erosions in a patient with bullous pemphigoid. 


Cicatricial Pemphigoid 


Cicatricial pemphigoid is differentiated from bullous pemphigoid in that it primarily involves the 
mucous membranes and is rarely accompanied by skin disease. Cicatricial pemphigoid is 
characterized by blistering with eventual scarring. Lesions are found on the conjunctiva ( 

) but also the nasopharynx, oropharynx, esophagus, larynx, urethra, and anal mucosa. 
Associated skin lesions occur in the minority of cases. Recurrent lesions cause scarring, and 
involvement of the eyes can be sight-threatening. The gingivae are commonly involved, and the 
disease may present as desquamative gingivitis. Esophageal lesions may result in stricture 
formation that may require repeated dilatations. 


Figure 84. 


Ocular erythema and symblepharon (adhesion of the eyelid to the globe) in a patient with 
cicatricial pemphigoid. 
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Linear IgA Bullous Dermatosis 


Linear IgA bullous dermatosis is a subepidermal blistering disease that is associated with tissue- 
bound and circulating IgA antibodies. Clinically, it can present similarly to bullous pemphigoid, 
dermatitis herpetiformis (Figure 85), or cicatricial pemphigoid with ocular and/or oral 
involvement. This disease may be idiopathic or caused by drugs, most commonly vancomycin. 
The following agents have also been reported to induce linear IgA bullous dermatosis: captopril, 
amiodarone, ampicillin, childhood vaccines, diclofenac, interferon gamma, interleukin-2, iodine, 
lithium, penicillin G, phenytoin, piroxicam, rifampin, somatostatin, and trimethoprim- 
sulfamethoxazole. In patients with drug-induced disease, withdrawal of the offending agent 


usually leads to disease resolution. Overall, linear IgA bullous dermatosis is an uncommon cause 
of drug eruptions. 


Figure 85. 


Grouped vesicular lesions on the back in a patient with linear IgA bullous dermatosis. Blisters 
may be missed because of scratching. 
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Epidermolysis Bullosa Acquisita 


Epidermolysis bullosa acquisita is an acquired mechanobullous disease that can present with 
widespread blistering and erosions of the mucosal surfaces; disease may be localized to areas of 
trauma such as the dorsal hands (Figure 86), knees, and elbows. Disease on the dorsal hands 
may mimic porphyria cutanea tarda or pseudoporphyria. Epidermolysis bullosa acquisita is 
caused by autoantibodies directed against type VII collagen, which is the major protein in the 


anchoring fibrils. Epidermolysis bullosa acquisita has been associated with systemic lupus 
erythematosus and inflammatory bowel disease. 


Figure 86. 


Blisters on the dorsal hands in a patient with epidermolysis bullosa acquisita. 
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Treatment 


Bullous pemphigoid is generally managed with corticosteroid therapy, either with superpotent 
topical corticosteroids for limited, localized disease or with moderate doses of prednisone for 
more extensive or recalcitrant disease. Because bullous pemphigoid predominantly occurs in an 
elderly population, the potential for corticosteroid toxicity may be greater, and, therefore, 
corticosteroid-sparing agents are regularly considered early in the disease course. Agents used 
include azathioprine, methotrexate, mycophenolate mofetil, rituximab, and intravenous immune 
globulin. Cyclophosphamide in combination with corticosteroids has been suggested for patients 
with ocular pemphigoid. Linear IgA bullous dermatosis is effectively treated with oral dapsone. 
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Dermatitis Herpetiformis 


Dermatitis herpetiformis is characterized by grouped, pruritic, erythematous papulovesicles on 
the extensor surfaces of the arms, legs, central back, buttocks, and scalp (Figure 87). There is a 
genetic predisposition that is linked to the same genes that are associated with celiac disease. 
Virtually all patients with dermatitis herpetiformis have celiac disease, but gastrointestinal 
symptoms occur in only about 25% of patients. Thyroid disorders have been associated with 
dermatitis herpetiformis. In addition, lymphoma (specifically lymphoma occurring in the 
gastrointestinal tract, as is also linked to celiac disease) is more common in patients with 
dermatitis herpetiformis. 


Skin biopsy reveals a neutrophil-rich subepidermal blister. The deposition of granular IgA in 
dermal papillary tips is pathognomonic (Figure 88). 


Treatment with a gluten-free diet is successful in greater than 70% of patients with dermatitis 
herpetiformis if the diet is adhered to for a minimum of 3 to 12 months. In such patients, initial 
suppression of symptoms with dapsone is usually necessary. When gluten restriction allows a 
decrease in dapsone, the patient can gradually taper the dosage and often can discontinue it. A 
gluten-free diet treats the cause rather than the symptoms of the disease. The primary 
disadvantage of gluten-free-diet therapy is its inconvenience and difficulty with adherence. Most 
major cities have celiac disease support groups, which can also provide useful support for 
patients with dermatitis herpetiformis. 


Treatment with oral dapsone usually improves itching within 24 to 48 hours in adults. Dapsone 
treatment requires continued monitoring and may be associated with significant potential adverse 
effects. Hemolysis is the most common side effect of treatment and is expected in most patients. 
It may be severe in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency, and 
pretesting for this condition prior to starting therapy is generally recommended. 
Methemoglobinemia is common but is not usually a severe problem. Additional adverse 
reactions include toxic hepatitis, cholestatic jaundice, psychosis, and both motor and sensory 
neuropathy. Hypoalbuminemia may occur after chronic use. Rarely, infectious mononucleosis 
syndrome with fever and lymphadenopathy occurs. 


Figure 87. 


Grouped vesicles and excoriations in a patient with dermatitis herpetiformis. 


Figure 88. 


Immunofluorescence stain demonstrating granular deposition of IgA in the papillary dermis 
characteristic of dermatitis herpetiformis. 
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Cutaneous Manifestations of Internal Disease 


Skin Diseases Associated with Hepatitis C Virus 
Livedo Reticularis, Purpura, and Vasculitis 
Neutrophilic Dermatoses 

Skin Signs of Lipid Disorders 

Paraneoplastic Dermatoses 


Erythema Nodosum 
Cutaneous Lupus Erythematosus 


Dermatomyositis 


Key Points 


The most common cutaneous manifestations of infection with hepatitis C virus are mixed 
cryoglobulinemia and porphyria cutanea tarda. 

Greater than 90% of cases of mixed cryoglobulinemia are associated with hepatitis C 
virus infection. 

Mixed cryoglobulinemia presents as palpable purpura that may be accompanied by 
arthralgia, peripheral neuropathy, and glomerulonephritis. 

Porphyria cutanea tarda presents with vesicles and bullae on sun-exposed skin, most 
commonly on the face, dorsal hands, and scalp. 

Palpable purpura is the cutaneous manifestation of small vessel vasculitis, which is a 
cutaneous reaction pattern that can be idiopathic or secondary to an underlying 
inflammatory disease, infection, malignancy, or medication. 

Definitive diagnosis of cutaneous small vessel vasculitis is made by skin biopsy. 
Treatment of cutaneous small vessel vasculitis involves excluding systemic vasculitides 
and removing or treating any underlying cause. 

Neutrophilic diseases are often associated with underlying hematologic malignancies 
(especially acute myeloid leukemia), inflammatory bowel disease, and rheumatoid 
arthritis. 


e Patients with Sweet syndrome present with abrupt onset of fever, arthralgia, myalgia, and 
cutaneous lesions; individual lesions are tender, nonpruritic, brightly erythematous, well- 
demarcated papules and plaques that appear on the neck, upper trunk, and extremities. 

e Pyoderma gangrenosum is a diagnosis of exclusion. 

e Sweet syndrome and pyoderma gangrenosum respond to immunosuppression with 
corticosteroids. 

e Skin lesions may serve as markers of internal malignancy. 

e The strongest support for a link between a skin condition and an internal malignancy is 
when the dermatosis occurs concurrently with discovery of the malignancy, there is a 
distinct type or site of cancer associated with the dermatosis, or the course of the 
dermatosis follows that of the cancer. 

e Erythema nodosum is characterized by the sudden onset of one or more tender, 
erythematous nodules on the anterior legs that are more easily palpated than visualized. 

e At least half of cases of erythema nodosum are idiopathic, but the disease may be 
associated with infections, drugs, and systemic diseases (usually inflammatory disorders). 

e The most common secondary cause of erythema nodosum is a recent streptococcal 
infection. 

e Acute cutaneous lupus erythematosus is characterized by a confluent malar erythema or 
generalized red papular or urticarial lesions on sun-exposed skin and is usually associated 
with systemic disease. 

e Chronic cutaneous lupus erythematosus consists of chronic, slowly progressive, scaly, 
infiltrated papules and atrophic red plaques (discoid lupus) on sun-exposed skin surfaces 
and is not associated with systemic disease. 

e Patients with subacute cutaneous lupus erythematosus have annular or papulosquamous 
(psoriasis-like) lesions that may be associated with the more benign manifestations of 
systemic lupus erythematosus. 

e Drugs may cause subacute cutaneous lupus erythematosus. 

e Initial management of cutaneous lupus erythematosus includes sun protection, topical 
corticosteroids, and antimalarial agents. 

e The distinctive cutaneous features of dermatomyositis are the heliotrope rash and Gottron 
papules. 

e Additional cutaneous findings associated with dermatomyositis include malar erythema, 
poikiloderma in a photosensitive distribution, violaceous erythema on the extensor 
surfaces, periungual and cuticular changes, and a diffuse, scaly, erythematous alopecia. 

e Patients with dermatomyositis have a sixfold increase in the development of 
malignancies. 

e First-line therapy for cutaneous dermatomyositis consists of sun avoidance and sun 
protection, topical corticosteroids, and topical immunomodulators. 
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Skin Diseases Associated with Hepatitis C Virus 


e Mixed Cryoglobulinemia 
e Porphyria Cutanea Tarda 
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Mixed Cryoglobulinemia 


Mixed cryoglobulinemia is present in up to 50% of patients infected with hepatitis C virus 
(HCV) but is symptomatic in less than 15% of infected patients. Greater than 90% of cases of 
mixed cryoglobulinemia are associated with HCV infection. It is recommended that all patients 
with mixed cryoglobulinemia be screened for hepatitis C, and it is reasonable to screen all 
patients with hepatitis C for mixed cryoglobulinemia, particularly if compatible symptoms are 
present. 


Mixed cryoglobulinemia consists of circulating immune complexes made up of polyclonal IgG 
directed against either monoclonal or polyclonal IgM. These immune complexes, derived from 
cryoglobulin-producing B cells, deposit in postcapillary venules and induce inflammation and 
vessel damage that present clinically as palpable purpura (Figure 89). Associated signs and 
symptoms may include weakness, arthralgia, peripheral neuropathy, and glomerulonephritis. A 
skin biopsy will demonstrate leukocytoclastic vasculitis. The diagnosis of mixed 
cryoglobulinemia is confirmed by identifying elevated serum cryoglobulins. Other supportive 
laboratory findings include a low serum C4 level and elevated rheumatoid factor. HCV antigens 
are found in the skin lesions in 40% of cases. 


Therapy with interferon alfa and ribavirin is aimed at treating the underlying HCV infection. 
New studies suggest a potential role for rituximab in eliminating the B cells that produce the 
cryoglobulins. 
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Figure 89. 


Hepatitis C—associated cryoglobulinemia presenting as abdominal purpura. 


Porphyria Cutanea Tarda 


Porphyria cutanea tarda (PCT) is a hereditary or acquired blistering disease caused by excess 
circulating porphyrins due to deficiency or reduced activity of the enzyme uroporphyrinogen 
decarboxylase. Iron overload, as seen with hemochromatosis, leads to decreased activity of this 
enzyme, resulting in elevations of uroporphyrins. 


Up to 50% of patients with sporadic PCT have HCV infection. Clinically, patients present with 
vesicles and bullae on sun-exposed skin, most commonly on the face, dorsal hands, and scalp 

( ). Skin fragility (tearing with minimal trauma) is common. Other features include 
hyperpigmentation, milia (tiny inclusion cysts), hypertrichosis, and alopecia ( ). The 


diagnosis of PCT is strongly suggested by the physical examination. Urine fluoresces coral pink 
when examined with a Wood lamp. Skin biopsy of a vesicle demonstrates a pauci-inflammatory 
subepidermal bulla with characteristic festooning of the dermal papillae. The best test for PCT is 
a 24-hour urine porphyrin determination, which demonstrates elevated levels of uroporphyrin in 
patients with PCT. 


Treatment for PCT includes phlebotomy, low-dose antimalarials, and erythropoietin. In patients 
with underlying HCV infection, treatment with interferon alfa and ribavirin is indicated. 
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Figure 90. 


Porphyria cutanea tarda, characterized by erosions and milia (small white pearly cysts). 


Figure 91. 


Hyperpigmentation and erosions in a patient with porphyria cutanea tarda. 
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Livedo Reticularis, Purpura, and Vasculitis 


e Livedo Reticularis 
e Purpura and Vasculitis 
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Livedo Reticularis 


Livedo reticularis is a cutaneous reaction pattern that produces a pink, red, or bluish-red, mottled, 
netlike pattern on the skin (Figure 92). It is caused by slowed blood flow through the superficial 
cutaneous vasculature. It most commonly affects the lower extremities but may also affect the 
upper extremities and trunk in more severe cases. Idiopathic livedo reticularis is typically 
transient and asymptomatic, but tingling, numbness, aching, or paresthesias may be present. 
Lesions are accentuated when exposed to cold and resolve with warming. Fixed livedo reticularis 
(Figure 93) does not resolve with warming and should prompt an evaluation for conditions listed 
in Table 23. Ulceration is rare but is more likely to complicate fixed livedo reticularis than 
transient, idiopathic livedo reticularis. 


Figure 92. 


Livedo reticularis, characterized by a pink, red, or bluish-red, mottled, netlike pattern on the skin. 


Figure 93. 


OE 


eet 


Fixed livedo reticularis with central purpura as the presenting sign of antiphospholipid antibody 


syndrome. 


Table 23. Selected Diseases and Conditions Associated with 
Livedo Reticularis 


Disease/Condition 
Neurohumoral diseases 
Hematologic diseases 
Hypercoagulable states 
Paraproteinemias 
Autoimmune diseases 


Example 
Pheochromocytoma, carcinoid syndrome 
Polycythemia vera, leukemia, thrombocytosis 
Antiphospholipid antibody syndrome 
Multiple myeloma and associated type 1 cryoglobulinemia 
Systemic lupus erythematosus, dermatomyositis, scleroderma, Sjögren 


syndrome, Still disease, rheumatoid arthritis, Felty syndrome 


Infections Parvovirus B-19, hepatitis C, syphilis, meningococcemia, 
pneumococcal sepsis, tuberculosis 

Drug reactions Amantadine, quinidine, warfarin, minocycline 

Vasculitides Polyarteritis nodosa, Wegener granulomatosis, microscopic 
polyarteritis, Churg-Strauss syndrome, Takayasu disease, temporal 
arteritis 

Calciphylaxis — 


Cholesterol emboli — 
Endocarditis = 


Microvascular occlusion Hemolytic-uremic syndrome, thrombotic thrombocytopenic purpura, 
syndromes disseminated intravascular coagulation, heparin necrosis, paroxysmal 
nocturnal hemoglobinuria 


Cryoglobulinemia — 
Livedoid vasculopathy — 
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Purpura and Vasculitis 


Purpura is caused by hemorrhage into the skin. The differential diagnosis of purpura is very 
broad. The size and distribution of the lesions and whether or not the lesions are palpable are 
important. Petechial and macular (nonpalpable) purpura (Figure 94) usually result from 
abnormal platelet number or function, coagulation abnormalities, or poor support of dermal 
vasculature (chronic sun damage, amyloidosis, corticosteroid use, vitamin C deficiency, Ehlers- 
Danlos syndrome). Actinic or senile purpura is one of the most common types of benign purpura. 
Senile purpura occurs in the setting of chronic sun damage and presents as painless purpuric 
macules on the extensor forearms and anterior shins. Minimal, often unrecognized trauma is 
sufficient to produce the lesion. Lesions resolve slowly, leaving behind hyperpigmentation from 
hemosiderin deposition in the dermis. 


Palpable purpura implies an inflammatory process, most classically cutaneous small vessel 
vasculitis. Leukocytoclastic vasculitis, or cutaneous small vessel vasculitis, results from immune 
complex deposition in the small postcapillary venules of the skin. Cutaneous small vessel 
vasculitis is idiopathic in 50% of cases, but it can be associated with an underlying condition 
such as infection, inflammatory disease, medication, or malignancy (Table 24). 


Palpable purpura from cutaneous small vessel vasculitis is usually accentuated in dependent 
areas (lower extremities in mobile patients, buttocks and back in supine patients) (Figure 95). 
Lesions may be asymptomatic or may itch, sting, or burn. Patients may have concomitant fever, 
myalgia, arthralgia, and anorexia. Occasionally, cutaneous small vessel vasculitis may present as 
urticaria, and is known as urticarial vasculitis (see Urticaria). Definitive diagnosis of cutaneous 
small vessel vasculitis is made by skin biopsy. Choosing the appropriate lesion to biopsy is 


critical. Ideally, a lesion between 12 and 48 hours old should be selected, because the classic 
histologic findings may not be present in very early or late lesions. 


Treatment of cutaneous small vessel vasculitis involves excluding systemic vasculitides and 
removing or treating any underlying cause. First-line treatment includes rest, warming, reducing 
activity, and leg elevation. Antihistamines and NSAIDs are first-line oral therapies. Colchicine 
and dapsone, utilized for their antineutrophilic properties, are common second-line therapeutic 
options. Patients with chronic and/or severe disease may require treatment with systemic 
immunosuppressants. 


The prognosis for cutaneous small vessel vasculitis is generally good. Patients with cutaneous 
vasculitis caused by a medication or infection tend to have a single, self-limited episode. Those 
with Henoch-Schonlein purpura or an underlying connective tissue disease may relapse and 
remit. Patients with cryoglobulinemic vasculitis or an underlying malignancy tend to have 
chronic, unremitting disease. 
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Figure 94. 


Macular purpura, which may be caused by chronic sun damage, systemic corticosteroids, or 
trauma from a pneumatic compression device. 


Figure 95. 


Palpable purpura as a clinical sign of biopsy-proven leukocytoclastic vasculitis. 


Table 24. Selected Conditions Associated with Cutaneous 
Small Vessel Vasculitis 


Idiopathic (50%) 
Infection (15% -20%) 
Group A B-hemolytic streptococci 
Hepatitis B virus 
Hepatitis C virus (cryoglobulinemia) 


Septic vasculitis 

Inflammatory Diseases (15 %-20%) 

Henoch-Schonlein purpura 

Systemic vasculitis 

Polyarteritis nodosa 

Wegener granulomatosis 

Microscopic polyangiitis 

Churg-Strauss syndrome 

Connective tissue disease 

Systemic lupus erythematosus 

Rheumatoid arthritis 

Sjögren syndrome 

Behcet syndrome 

Inflammatory bowel disease 

Medications (10% -15%) 

Sulfonamides 

Penicillins 

Allopurinol 

Phenytoin 

Thiazides 

Fluoroquinolones 
Malignancy (<5%) 

Paraproteinemia 

Lymphoproliferative disease 


Data from Fiorentino DF. J Am Acad Dermatol. 2003;48(3):311-340. [PMID: 12637912] 
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Neutrophilic Dermatoses 


Neutrophilic dermatoses are disorders in which the predominant effector cell is the neutrophil. 
They include Sweet syndrome, pyoderma gangrenosum, erythema elevatum diutinum, 
subcorneal pustular dermatosis, and neutrophilic eccrine hidradenitis. Sweet syndrome and 
pyoderma gangrenosum will be discussed here, as they are the most common. 
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Sweet Syndrome 


Sweet syndrome, or acute febrile neutrophilic dermatitis, most commonly affects middle-aged 
women after an upper respiratory tract infection. Sweet syndrome may be idiopathic or may be 
associated with an underlying condition. Twenty percent of cases are associated with an 
underlying malignancy, most commonly hematologic malignancies, especially acute myeloid 
leukemia; however, solid-organ malignancies (breast, gastrointestinal, genitourinary) have also 
been associated. Sweet syndrome can present before, during, or after the diagnosis of 
malignancy. Inflammatory bowel disease, upper respiratory tract infections, gastrointestinal 
infections, and medications (granulocyte-colony stimulating factor, all-trans-retinoic acid, 
vaccines, and minocycline) are also associated with Sweet syndrome. It may occur in 
conjunction with other neutrophilic diseases such as pyoderma gangrenosum. 


Patients with Sweet syndrome present with the abrupt onset of fever, arthralgia, myalgia, and 
cutaneous lesions. Individual lesions are tender, nonpruritic, brightly erythematous, well- 
demarcated papules and plaques that appear on the neck, upper trunk, and extremities (Figure 
96). Pathergy, the development of lesions in areas of minor trauma, is characteristic. Lesions heal 
without scarring. Extracutaneous involvement of the pulmonary, musculoskeletal, hepatic, renal, 
pancreatic, cardiac, ophthalmologic, and central nervous systems may occur. Leukocytosis with 
a polymorphonuclear cell predominance is typical but may be absent in patients with an 
underlying hematologic malignancy. 


Prednisone leads to rapid improvement and is the initial treatment of choice. When associated 
with an underlying condition or medication, treatment for that condition or stopping the inciting 
medication will result in remission. In patients with persistent or severe disease, corticosteroid- 
sparing agents such as potassium iodide, dapsone, colchicine, NSAIDs, cyclosporine, 
mycophenolate mofetil, and tumor necrosis factor a inhibitors may be required. 


Figure 96. 


Typical, tender nodule of Sweet syndrome with erythema and “juicy” appearance. 
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Pyoderma Gangrenosum 


Pyoderma gangrenosum (PG) is associated with an underlying systemic disease in 50% to 78% 
of patients and can present before, concurrently with, or after the development of the underlying 
condition. Diseases most commonly associated with PG are inflammatory bowel disease (either 
ulcerative colitis or Crohn disease), rheumatoid arthritis, seronegative spondyloarthritis, and a 
hematologic disease or malignancy, most commonly acute myeloid leukemia. 


PG is an uncommon, neutrophilic, ulcerative skin disease. Lesions tend to be multiple and tend 
to appear on the lower extremities. They begin as tender papules, pustules, or vesicles that 
spontaneously ulcerate and progress to painful ulcers with a purulent base and undermined, 
ragged, violaceous borders (Figure 97). Atrophic, cribriform scarring is characteristic of healed 
lesions. Pathergy is observed in 20% to 30% of patients with PG and can initiate or aggravate 
PG. 


There are no pathognomonic histologic findings for PG, and laboratory tests are nonspecific. The 
diagnosis requires recognition of the clinical morphology, clinicopathologic correlation, and the 
exclusion of other disorders that mimic PG. A list of suggested evaluations for patients 
presenting with skin lesions suggestive of PG is presented in Table 25. 


Treatment of PG usually requires either local or systemic immunosuppression. Because of 
pathergy, surgical therapy is almost always contraindicated. Superpotent topical corticosteroids 
applied under occlusion, intralesional triamcinolone, or topical immunomodulators (tacrolimus 
ointment) may be appropriate for single lesions. First-line systemic therapy includes prednisone 
or cyclosporine, either alone or in combination. For patients with PG associated with Crohn 
disease, first-line treatment should include a tumor necrosis factor a inhibitor. Other 
corticosteroid-sparing agents of potential benefit include thalidomide, mycophenolate mofetil, 
azathioprine, methotrexate, tacrolimus, dapsone, cyclophosphamide, and intravenous immune 
globulin. Nearly 70% of lesions will heal within 1 year of treatment, and 95% of patients will 
achieve remission at 3 years. Despite appropriate therapy, relapse occurs in up to 46% of 
affected patients. 


Figure 97. 


Pyoderma gangrenosum, presenting as a painful ulcer with a purulent base and ragged, 
violaceous border in a patient with underlying myelodysplasia. 


Table 25. Suggested Evaluation for Patients with Skin 
Lesions Suggestive of Pyoderma Gangrenosum 


Skin Biopsy from Inflamed Peripheral Border 
Routine histology 


Special stains of the tissue to exclude infection (fungal, bacterial, viral, mycobacterial) and/or 
neoplastic process (immunohistochemical stains) 


Tissue culture to exclude infection (fungal, bacterial, viral, mycobacterial) 
Laboratory and Other Diagnostic Tests 

Suggested for all patients: 

Complete blood count with differential 

Erythrocyte sedimentation rate 

Serum chemistry studies (renal and liver panels) 

Based on history, clinical presentation, associated symptoms, and histology: 

Chest radiograph 

Gastrointestinal evaluation (upper endoscopy, colonoscopy) 

Hematologic laboratory tests and evaluation: 

Serum and urine protein electrophoresis 

Serum immunofixation or immunoelectrophoresis 

Hypercoagulability panel (especially antiphospholipid antibody) 

Bone marrow biopsy 

Rheumatologic laboratory tests: 

Rheumatoid factor 

Antinuclear antibody 

Antineutrophil cytoplasmic antibodies 

Cryoglobulins 

Venous and arterial flow studies 

Other: 

Serum iodine levels 

Serum bromide levels 


Data from Weenig RH, Davis MD, Dahl PR, Su WP. Skin ulcers misdiagnosed as pyoderma 
gangrenosum. N Engl J Med. 2002;347(18):1412-1418 [PMID: 12409543] and Bennett ML, 
Jackson JM, Jorizzo JL, Fleischer AB Jr, White WL, Callen JP. Pyoderma gangrenosum. A 


comparison of typical and atypical forms with an emphasis on time to remission. Case review of 
86 patients from 2 institutions. Medicine (Baltimore). 2000;79(1):37-46. [PMID: 10670408] 
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Skin Signs of Lipid Disorders 


Xanthomas are the characteristic skin conditions associated with primary (due to genetic defects) 
or secondary hyperlipidemias. Xanthomas are yellow, orange, reddish, or yellow-brown papules, 
plaques, or nodules (Figure 98). If the infiltration is deep, the xanthoma may be nodular and 
have normal-appearing overlying skin. The type of xanthoma closely correlates with the type of 
lipoprotein that is elevated. Table 26 outlines the type of xanthoma, clinical presentation, 
underlying lipid abnormality, and important associated diseases. 
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Figure 98. 


Tuberous xanthoma in a patient with sitosterolemia (an autosomal recessive disorder 
characterized by hyperabsorption of cholesterol and plant sterols). 


Table 26. Xanthomas, Associated Dyslipidemia, and 
Associated Diseases 


Type of Clinical Presentation Associated Important Associated 
Xanthoma Dyslipidemia Diseases 
Xanthelasma Asymptomatic, flat, yellow-to- LDL cholesterol; Familial hypercholesterolemia 
orange papules or plaques 50% of patients 
around eyelids have no 
dyslipidemia 
Eruptive Yellow or yellow-orange Triglycerides Familial lipoprotein 
xanthomas papules appearing suddenly in deficiency; apoprotein CII 
crops over buttocks, thighs, deficiency; familial 
arms, forearms, back, or chest; hypertriglyceridemia 
may be pruritic 
Tendon Lipid deposition within LDL cholesterol Familial 
xanthomas tendons, ligaments, and hypercholesterolemia; 
fasciae; smooth, firm, cerebrotendinous 
lobulated nodules over xanthomatosis; sitosterolemia 


extensor tendons of hands, 
elbows, knees, and Achilles 
tendon 


Tuberous Small, soft, yellow, orange, or LDL cholesterol Familial hypercholesterolemia 
xanthomas red papules or nodules over or triglycerides 

extensor surfaces, especially 

the elbows, knees, and 

buttocks; often coalesce to 

form large, lobular masses 


Plane Flat, yellow plaques that most — — 
xanthomas commonly involve the skin 
folds 
Diffuse plane xanthomas Normolipemic Multiple myeloma; 
(neck, face, upper trunk, arms) paraproteinemia; leukemia; 
lymphoma 
Intertriginous areas LDL cholesterol Homozygous familial 


hypercholesterolemia 


Palmar xanthomas LDL cholesterol Dysbetalipoproteinemia 
or triglycerides 
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Paraneoplastic Dermatoses 


Paraneoplastic dermatoses are disorders in which a skin condition may be associated with or 
serve as a marker for an internal malignancy. A wide spectrum of cutaneous findings and 
diseases has been diagnosed in relationship to an underlying malignancy, and there are multiple 
hereditary syndromes with skin manifestations and increased risk of cancer (Table 27). Also see 


Figure 99, Figure 100, and Figure 101. 


There are several criteria that point to a relationship between a specific cutaneous disease and 
internal malignancy. Strongly supporting this link are the following: when the dermatosis occurs 
concurrently with discovery of the malignancy; when the course of the dermatosis follows that of 
the cancer; or when a specific tumor cell type, organ, or site of cancer is associated with the 
dermatosis. While some paraneoplastic skin diseases are highly specific and only occur in the 
presence of malignancies (for example, paraneoplastic pemphigus), others can also occur in the 
absence of an underlying cancer (for example, dermatomyositis), but are of importance to the 
internist because they indicate the potential for an otherwise undiagnosed malignancy. 


The evaluation of a patient with a skin condition that may be associated with an internal 
malignancy must be individualized. All patients should receive age- and sex-appropriate 
screening tests. Particular care must be taken in reviewing symptoms and performing appropriate 
physical examination maneuvers of the organ system or systems with which the paraneoplastic 
dermatosis is associated. Additional testing must be guided by these findings as well as 
additional risk factors for malignancy, presence of comorbid conditions, and the patient's age. 


Figure 99. 


Bazex syndrome (acrokeratosis paraneoplastica) in a patient with squamous cell carcinoma of the 
tonsillar pillar. 


Figure 100. 


An irregularly shaped erythematous plaque in extramammary Paget disease. 


Figure 101. 


Multiple neurofibromas in a patient with neurofibromatosis type 1. 


Table 27. Paraneoplastic Disorders 


Disease 


Acanthosis nigricans 


Clinical Findings Associated Malignancy/Comments 
Conditions That Are Strongly Linked to Internal Malignancy 
Velvety or verrucous Adenocarcinoma, usually GI or GU, 
hyperpigmentation of most commonly stomach; occurs also 


Leser-Trélat sign 


Tripe palms 


intertriginous areas, weight loss, in patients with endocrinopathy 
glossitis 

Rapid appearance or Same cancer association as acanthosis 
inflammation of multiple nigricans; seborrheic keratoses are 
seborrheic keratoses; often occurs common lesions; Leser-Trélat sign is 
in conjunction with acanthosis very rare 

nigricans 

Rugose folds on the palms and If occurring with acanthosis nigricans, 


Bazex syndrome (also 
known as 
acrokeratosis 
paraneoplastica) 


Carcinoid syndrome 


Ectopic ACTH 
syndrome 


Glucagonoma 
syndrome 


Neutrophilic 
dermatoses 


Paget disease of the 
breast 
Extramammary Paget 
disease 


Paraneoplastic 
pemphigus 


soles; may occur with or without 
acanthosis nigricans 


Psoriasiform, violaceous scaling 
on the acral surfaces (fingers, 

toes, nose, and ears) (Figure 99); 
keratoderma may also be present 


Episodic flushing, often 
accompanied by diarrhea and 
bronchospasm; can eventually 
result in telangiectasia or 
permanent ruddiness 


Generalized hyperpigmentation 


Intertriginous erythema, scales, 
and erosions known as necrolytic 
migratory erythema; glossitis and 
angular cheilitis are common 


Sweet syndrome; atypical 
pyoderma gangrenosum (bullous 
lesions with a blue-gray border, 
often on the hands, arms, or face) 


Erythematous, irregularly 
bordered plaque on the nipple 


Erythematous scaly patch or 
plaque on the perineal skin, 
scrotum, or perianal area (Figure 
100) 


Severe mucosal erosions, tense 
and flaccid bullae that may be 
widespread 


same cancer association; if occurring 
without acanthosis nigricans, 
squamous cell carcinoma of the head 
and neck or lungs 


Squamous cell carcinoma in the upper 
respiratory tract or upper GI tract; 
effective therapy of an associated 
cancer is followed by resolution of the 
dermatosis 


Pulmonary carcinoid tumors or 
carcinoid metastatic to the liver; screen 
with urine for 5-HIAA; tumor removal 
is followed by resolution of the skin 
and systemic findings 


Small cell lung carcinoma; tumor 
removal can result in some reversion 
of the pigmentation 


Glucagon-secreting tumor of the 
pancreas; rare patients with necrolytic 
migratory erythema who do not have 
malignancy have been reported 


Myeloid leukemia, myelofibrosis, and 
refractory anemias; these disorders 
also occur without malignancy in 80% 
to 90% of patients 


Represents an extension of a ductal 
adenocarcinoma of the breast 


Cancer is present in 25% of patients 
and is in the GI or GU tract; it is not 
contiguous with the dermatosis; the 
dermatosis is a malignancy and needs 
appropriate excision or destruction 
Non-Hodgkin B-cell lymphoma, 
Castleman disease, chronic 
lymphocytic leukemia 


Conditions with Statistical Evidence of Internal Malignancy Association or Sporadic 


Dermatomyositis 


Association 


Heliotrope rash, Gottron papules 
and sign, photodistributed 
violaceous erythema; scaly 
erythema of the scalp with 
diffuse alopecia; periungual 
telangiectasia and cuticular 
overgrowth 


20% of patients with dermatomyositis 
had, have, or will have a malignancy; 
ovarian cancer is overrepresented; 
paraneoplastic course is possible but 
unusual 


Mycosis fungoides Bizarrely configured, 
erythematous, scaly plaques, or 


erythroderma 
Porphyria cutanea Erosions, crusts with or without 
tarda blisters on photo-exposed areas, 


particularly the dorsa of the 
hands; hyperpigmentation and 
hypertrichosis are often also 


This is a cutaneous T-cell lymphoma; 
some patients will develop a second 
malignancy, but this is uncommon 
Hepatoma; associated with hepatitis C; 
treatment of hepatitis C may lessen the 
risk of hepatoma 


Hereditary Syndromes with Prominent Cutaneous Findings and Potential Internal 


present 
Malignancy 

Neurofibromatosis Café-au-lait macules, axillary 
type I (NF1) freckling, neurofibromas (Figure 

101); Lisch nodules on eye 

examination 
Tuberous sclerosis Shagreen patch, ash leaf macules, 
complex angiofibromas, periungual and 


subungual fibromas 


Familial atypical Atypical moles (dysplastic nevi), 
multiple mole multiple melanomas 
melanoma-pancreatic 

syndrome 

Birt-Hogg-Dube Flesh-colored central facial 
syndrome papules known as 


fibrofolliculomas; patients may 
also have trichodiscomas and 
multiple acrochordons 


Hereditary Flesh-colored to erythematous 
leiomyomatosis and dermal tumors 

renal cell carcinoma 

syndrome 


Gardner syndrome Multiple epidermal cysts, 
desmoid tumors 


Cowden syndrome Multiple flesh-colored central 
(multiple hamartoma facial papules, cobblestoning of 
syndrome) the oral mucosa, acral keratoses 


Neurofibrosarcoma, 
pheochromocytoma, and astrocytoma; 
autosomal dominant inheritance 


Renal angiomyolipoma, renal cysts, 
and renal cancer; cardiac 
rhabdomyoma; autosomal dominant 
disorder 


Pancreatic carcinoma is more 
prevalent in these families 


Renal cancer; some families may also 
have medullary cancer of the thyroid; 
spontaneous pneumothorax is frequent 
in these patients 


Renal cell carcinoma and multiple 
uterine leiomyomas; autosomal 
dominant 


Colonic polyposis (adenomatous 
polyposis coli) with a high frequency 
of malignant degeneration; autosomal 
dominant 


Breast cancer; thyroid hamartomas and 
carcinoma; multiple hamartomatous 
polyps throughout the GI tract; 
autosomal dominant 


ACTH = adrenocorticotropin; ENT = ear, nose, and throat; GI = gastrointestinal; GU = 


genitourinary; 5-HIAA = 5-hydroxyindoleacetic acid. 
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Erythema Nodosum 


Erythema nodosum (EN) is relatively common and is most often acute and self-limited. The 
typical clinical presentation is the sudden onset of one or more tender, erythematous nodules on 
the anterior legs that are more easily palpated than visualized (Figure 102). The eruption is often 
preceded by a prodrome of fever, malaise, and/or arthralgia. A residual ecchymotic appearance is 
common as the lesions age. Over a 4- to 6-week period, the lesions heal without scar formation. 
Ulceration is rare. Chronic or recurrent EN most commonly occurs in middle-aged women and is 
often present for several years. 


At least half of cases of EN are idiopathic. Causes of EN fall into three broad categories: 
infections, drugs, and systemic diseases (usually inflammatory disorders). The most common 
association is a recent streptococcal infection. A partial list of the known associations appears in 
Table 28. The infectious organisms associated with EN tend to primarily affect the respiratory or 
gastrointestinal tract. Pregnancy, particularly in its second trimester, is a known association, and 
EN will recur with subsequent pregnancies or with the administration of oral contraceptives. A 
specific variant of sarcoidosis associated with EN is known as Léfgren syndrome. This is an 
acute, self-resolving process in which EN occurs with bilateral hilar lymphadenopathy, arthritis 
of the lower extremities, and anterior uveitis. In patients with inflammatory bowel disease, EN 
parallels the activity of the bowel disease. 


EN is self-limited or resolves with treatment of the underlying disorder. Symptomatic treatment 
includes NSAIDs or potassium iodide; systemic corticosteroids are rarely needed. Recurrent or 
chronic EN in the absence of an associated disorder may require therapy with corticosteroids 
and/or immunosuppressive agents. If the condition is persistent or the presentation is atypical, a 
skin biopsy should be considered to confirm the diagnosis and rule out the possibility of another 
form of panniculitis. 


Table 28. Selected Causes of Erythema Nodosum 


Infections 
Streptococcal pharyngitis 
Tuberculosis 
Valley fever (coccidioidomycosis) 
Blastomycosis 
Histoplasmosis 
Psittacosis 
Yersinia colitis 
Salmonella gastroenteritis 


Cat scratch fever 
Leprosy 
Drugs 

Antibiotics (penicillin, sulfonamides) 
Oral contraceptives 

Systemic Conditions 
Pregnancy 
Sarcoidosis 
Inflammatory bowel disease 
Collagen vascular disorders (dermatomyositis, systemic lupus erythematosus, scleroderma) 
Malignancy (rare) 
Sweet syndrome 
Behçet disease 


Figure 102. 


Erythematous, tender nodules of erythema nodosum on the pretibial surface of the legs. 
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Cutaneous Lupus Erythematosus 


Lupus erythematosus (LE) is a multisystem disorder whose spectrum ranges from a relatively 
benign cutaneous eruption to a severe, potentially fatal systemic disease. Cutaneous LE is 
classified into types with LE-specific histology and types with LE-nonspecific histology (in 
which lesions do not demonstrate the characteristic histopathology). Examples of lesions with 
nonspecific histopathology are vasculitis, urticarial lesions, livedo reticularis, mucosal ulcers, 
and nonscarring alopecia. Bullous LE (Figure 103) is a variant associated with antibodies to type 
VII collagen. LE-specific lesions are further categorized as chronic (usually associated with 
scarring and/or atrophy), subacute, and acute. The importance of this classification is its ability 
to predict systemic manifestations of LE. 


Acute cutaneous LE is found almost exclusively in patients with systemic lupus erythematosus 
(SLE) and is typically precipitated by sunlight. Acute cutaneous LE can present as the classic 
“butterfly rash,” characterized by confluent malar erythema (Figure 104), or as generalized, red, 
papular or urticarial lesions on the sun-exposed skin. 


Chronic cutaneous LE consists of chronic, slowly progressive, scaly, infiltrative papules and 
plaques or atrophic red plaques (also known as discoid lupus) on sun-exposed skin surfaces 
(Figure 105). Other chronic lesions may be hypertrophic or verrucous appearing (Figure 106). 
Most patients with chronic cutaneous LE do not have systemic disease. 


Patients with subacute cutaneous LE have annular or papulosquamous (psoriasis-like) lesions 
that are typically light induced. Unlike chronic cutaneous LE, there is little induration, scarring, 
or atrophy. The annular lesions are bright red with central clearing (Figure 107). The 
papulosquamous lesions are bright red plaques with sharp borders and fine scaling (Figure 108). 
Subacute cutaneous LE may be associated with medications (hydrochlorothiazide, calcium 
channel blockers, angiotensin-converting enzyme inhibitors, and terbinafine) and may be 
associated with some of the less serious SLE manifestations (arthralgia, photosensitivity, 
serositis) and anti-Ro/SS-A and anti-La/SS-B antibodies. 


The diagnosis of cutaneous LE is based upon correlating the clinical lesions with the 
histopathologic findings on skin biopsy. 


Therapy for cutaneous LE is needed to prevent scarring and development of additional lesions. 
Because sunlight and artificial light sources may exacerbate cutaneous and systemic disease in 
patients with LE, patients are advised to avoid sun exposure, wear sun-protective clothing, and 
frequently apply broad-spectrum sunblock with a high sun protective factor. While topical 
corticosteroids are the initial treatment for all LE lesions, the response is often disappointing. 
Patients with a poor response to the above measures are usually treated with an antimalarial 
agent, most often hydroxychloroquine. Patients who smoke seem to respond less well to 
antimalarial therapy and may have more active disease than nonsmokers; patients who stop 
smoking may improve. Further escalation in therapy is needed for patients with disease that does 
not respond to these standard therapies. Thalidomide is recommended for patients with discoid 


LE or subacute cutaneous LE that is refractory to antimalarial therapy. Additional alternative 
agents include methotrexate, mycophenolate mofetil, and efalizumab. Except for antimalarial 
agents, use of these alternative therapies is off label and few have been tested in placebo- 
controlled trials. 


Figure 103. 


Bullous lupus erythematosus, characterized by tense, subepidermal blisters on an erythematous 
base. Erosions are present where blisters have ruptured. 


Figure 104. 


“Butterfly rash,” characterized by violaceous erythema on the malar aspects of the face in a 
patient with systemic lupus erythematosus. 


Figure 105. 


Discoid lupus erythematosus, characterized by erythematous and hypopigmented, scarred, 
atrophic, discoid plaques with raised borders. 


Figure 106. 


Hypertrophic, verrucous lesions of chronic cutaneous lupus erythematosus. 


Figure 107. 


Annular lesions of subacute cutaneous lupus erythematosus. 


Figure 108. 


Papulosquamous lesions of subacute cutaneous lupus erythematosus. 
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Dermatomyositis 


Dermatomyositis is a condition with characteristic cutaneous manifestations combined with 
proximal inflammatory myopathy. Cutaneous disease may occur prior to muscle disease, or 
cutaneous disease may be the only manifestation. There are patients whose muscle disease 
becomes inactive with therapy but whose skin disease continues. This discussion will only 
address the cutaneous disease. 


The distinctive cutaneous features of dermatomyositis are the heliotrope rash and Gottron 
papules. The heliotrope rash consists of a violaceous to dusky erythematous rash with or without 
edema in a symmetric distribution involving periorbital skin (Figure 109). Sometimes this sign 


is quite subtle and may cause only a mild discoloration along the eyelid margin. At other times 
there may be massive edema (Figure 110). Gottron papules arise over bony prominences, 
particularly the metacarpophalangeal joints, the proximal interphalangeal joints, and/or the distal 
interphalangeal joints (Figure 111). They may also be found overlying the elbows, knees, and/or 
feet. The lesions consist of slightly elevated, slightly scaly, violaceous papules and plaques. 


Several other cutaneous features are characteristic, although not pathognomonic, of 
dermatomyositis. They include malar erythema, poikiloderma in a photosensitive distribution, 
violaceous erythema on the extensor surfaces, periungual and cuticular changes, and a diffuse, 
scaly, erythematous alopecia. Poikiloderma (the combination of atrophy, dyspigmentation, and 
telangiectasia) may occur on exposed skin such as the extensor surfaces of the arms, the V of the 
neck (Figure 112), the upper back (“shawl sign”), and/or the upper-lateral thighs (“holster sign”) 
(Figure 113). Patients rarely complain of photosensitivity despite the prominent 
photodistribution of the rash. Nail-fold changes consist of periungual telangiectasia and/or a 
characteristic cuticular change with hypertrophy of the cuticle and small, hemorrhagic infarcts 
within this hypertrophic area (Figure 114). Scalp involvement in dermatomyositis is relatively 
common and is manifested by an erythematous to violaceous, psoriasiform dermatitis that is 
often extremely itchy (Figure 115). Nonscarring, diffuse hair loss is common. 


Dermatomyositis-sine myositis, also known as amyopathic dermatomyositis, is diagnosed in 
patients with typical cutaneous disease in whom there is no evidence of muscle weakness and 
who repeatedly have normal serum muscle enzyme levels. Some patients with amyopathic 
dermatomyositis will have abnormal imaging studies of muscle. 


The association between malignancy and the inflammatory myopathies is well established. 
Patients with dermatomyositis have a sixfold increase in the development of malignancies. The 
types of malignancies that develop in patients with inflammatory myopathy correlate with those 
that develop in an age-matched population, except that ovarian cancer is more common in 
patients with inflammatory myopathy. Currently, no generally accepted guidelines exist for 
malignancy screening in patients with myositis. At minimum, age- and sex-appropriate 
malignancy screening and chest radiography are recommended for all patients. 


Therapy for cutaneous disease in patients with dermatomyositis is often difficult because even 
though the myositis may respond to treatment with corticosteroids and/or immunosuppressive 
drugs, the cutaneous lesions often persist. 


Most patients with cutaneous lesions are photosensitive; thus, sun avoidance, protective clothing, 
and the daily use of a broad-spectrum sunscreen with a high sun protective factor are 
recommended. Topical therapy with a corticosteroid or a nonsteroidal immunomodulator such as 
tacrolimus ointment or pimecrolimus cream may be useful adjunctive therapy. 


Systemic therapies for dermatomyositis that does not respond to first-line topical therapies and 
sun avoidance consist of hydroxychloroquine, chloroquine, quinacrine, methotrexate, and 
mycophenolate mofetil. Patients with dermatomyositis have a greater frequency of drug 
eruptions from antimalarial agents, and patients should be warned about this possibility. 


Figure 109. 


Heliotrope rash in a patient with dermatomyositis. 


Figure 110. 


Massive edema accompanied by a heliotrope eruption in a patient with dermatomyositis. 


Figure 111. 


Gottron papules are violaceous, slightly scaly plaques over the bony prominences on the hands. 


Figure 112. 


Poikiloderma on the anterior chest in a patient with dermatomyositis. 


Figure 113. 


Poikiloderma on the lateral thigh (also known as the “holster sign”) in a patient with 
dermatomyositis. 


Figure 114. 


Nail-fold telangiectasia along with cuticular overgrowth in a patient with dermatomyositis. 


Figure 115. 


Diffuse alopecia with slight erythema and slight scale in a patient with dermatomyositis. 
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Selected Dermatologic Emergencies 


Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis 
Erythroderma 


Key Points 


Stevens-Johnson syndrome and toxic epidermal necrolysis are related clinical syndromes 
that are characterized by acute epidermal necrosis and are most often caused by reaction 
to a medication. 

The medications most closely associated with Stevens-Johnson syndrome and toxic 
epidermal necrolysis include allopurinol, anticonvulsants (carbamazepine, phenytoin, 
phenobarbital, and lamotrigine), sulfasalazine, sulfonamide antibiotics, NSAIDs, and 
nevirapine. 

An intensive care burn unit is the ideal setting for the management of many patients with 
Stevens-Johnson syndrome and all patients with toxic epidermal necrolysis. 

The treatment of Stevens-Johnson syndrome and toxic epidermal necrolysis is primarily 
supportive; the role of corticosteroids and intravenous immune globulin is controversial, 
and there is no role for prophylactic antibiotics. 

Erythroderma is characterized by redness and scaling of more than 90% of the body 
surface area; approximately 50% of affected patients will have lymphadenopathy. 


e The most common causes of erythroderma are drug eruptions, psoriasis, atopic 
dermatitis, and cutaneous T-cell lymphoma; up to 47% of cases are idiopathic. 

e Treatment of erythroderma is aimed at the underlying disease once it is identified. 

e Patients with a history of psoriasis who are treated with systemic corticosteroids may 
develop a widespread pustular flare when the corticosteroids are discontinued. 
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Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis 


Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are related clinical 
syndromes that are characterized by acute epidermal necrosis. The classification of SJS and TEN 
is determined by the percent of body surface area with epidermal detachment: SJS involves less 
than 10%, SJS/TEN overlap involves 10% to 30%, and TEN involves greater than 30% 
detachment. Patients may present with SJS that remains localized and is relatively mild, SJS that 
evolves into TEN, or frank TEN. 
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Causes 


Up to 50% of cases of SJS and up to 80% of cases of TEN are drug related. Drug-associated SJS 
or TEN typically occurs within 4 to 28 days after initial exposure. The medications most closely 
associated with SJS and TEN include allopurinol, anticonvulsants (carbamazepine, phenytoin, 
phenobarbital, and lamotrigine), sulfasalazine, sulfonamide antibiotics, NSAIDs, and nevirapine. 
Importantly, sulfonamide-related diuretics and sulfonylureas are not significant risk factors for 
SJS or TEN. Genetic polymorphisms may predispose certain patients to SJS. SJS has also been 
associated with bacterial, fungal, and viral infections as well as radiation exposure, inflammatory 
bowel disease, and vaccines. Mycoplasma pneumoniae is the most common bacterial cause of 
SJS, especially in children and young adults, in whom it may cause severe mucosal disease 
without skin lesions. TEN is rarely associated with infectious causes. 
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Clinical Manifestations 


SJS begins with a prodrome that may include fever, respiratory symptoms, headache, vomiting, 
and/or diarrhea, followed 1 to 14 days later by the onset of cutaneous lesions and involvement of 
two or more mucous membranes. Patients often have both skin and mucosal involvement, but 
mucosa alone may be affected. Individual skin lesions appear as annular erythematous macules 
or papules, often with a dusky center and rim of bright erythema (targetoid lesions), that may 
progress to papules or plaques with central bullae (Figure 116). The level of skin involvement in 


patients with SJS can range from a few discrete lesions to multiple coalescing lesions that rapidly 
progress to epidermal necrosis and sloughing, leaving behind moist, erythematous, exposed 
dermis. Erythema, crusting, or erosions can occur on any mucosal surface, including nasal, oral, 
tracheal, conjunctival, urethral, and anal mucosa. Hemorrhagic crusting of the oral mucosa is 
particularly characteristic of SJS (Figure 117). Patients typically are febrile and toxic appearing, 
and lymphadenopathy is often present. Arthralgia, hepatitis, myocarditis, nephritis, and 
pneumonia may occur. The course of SJS ranges from 4 to 6 weeks, and the mortality rate ranges 
from 1% to 5%. 


TEN typically begins with a prodrome of fever, sore throat, or a burning sensation in the eyes 1 
to 3 days before skin lesions appear. Skin findings may be characterized by flat, atypical, 
purpuric, targetoid lesions that coalesce into dusky, poorly demarcated, confluent patches (TEN 
“with spots”) or may consist of confluent, tender erythema without identifiable individual lesions 
(TEN “without spots”). The involved epidermis blisters and sloughs, leaving behind denuded 
dermis (Figure 118). The Nikolsky sign, in which lateral pressure on erythematous skin shears 
off the skin, is often present but is not pathognomonic for TEN. The mucous membranes are 
often involved, but this is not required to make the diagnosis. The prognosis for TEN can be 
determined by a severity-of-illness score called the SCORTEN (Table 29). The mortality rate of 
patients with TEN ranges from 25% to 35%. 


Figure 116. 


Confluent, targetoid, erythematous papules and plaques with dusky centers in a patient with 
Stevens-Johnson syndrome. 


Figure 117. 


Hemorrhagic crusting of the lips in a patient with Stevens-Johnson syndrome. Similar crusting 
was also found on the eyes. 


Figure 118. 


Confluent erythema, bullae, and full-thickness epidermal sloughing of skin (note pink dermis) in 
a patient with toxic epidermal necrolysis. 


Table 29. SCORTEN Severity-of-IlIness Score for the 
Prognosis of Toxic Epidermal Necrolysis 


Criteria* 
1. Age >40 years 
2. Presence of malignancy 
3. Blood urea nitrogen >27 mg/dL (9.64 mmol/L) 


4. Plasma glucose >252 mg/dL (13.99 mmol/L) 
5. Pulse rate >120/min 

6. Serum bicarbonate <20 meq/L (20 mmol/L) 
7. Involvement of >10% body surface area 


Points Mortality Rate 
0-1 3.2% 
12.1% 
3 35.3% 
4 58.3% 
>5 90.0% 


*One point is assigned for each criterion. 


Data from Bastuji-Garin S, Fouchard N, Bertocchi M, Roujeau JC, Revuz J, Wolkenstein P. 
SCORTEN: a severity-of-illness score for toxic epidermal necrolysis. J Invest Dermatol. 
2000;115(2):149-153. [PMID: 10951229] 
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Diagnosis and Management 


The evaluation of patients with suspected SJS or TEN begins with a thorough history, which 
includes medications (including over-the-counter NSAIDs), allergies, and family history of 
adverse cutaneous drug eruptions. A complete examination of the skin and mucous membranes 
should be performed. Abnormal laboratory findings may include an elevated erythrocyte 
sedimentation rate, electrolyte abnormalities, elevated serum aminotransferase levels, 
leukocytosis, eosinophilia, anemia, proteinuria, and microscopic hematuria. 


The diagnosis of SJS or TEN is usually made clinically, but a skin biopsy, possibly with frozen 
sections, can confirm the diagnosis. The prognosis of patients with SJS or TEN improves with 
early diagnosis and removal of the offending agent. 


The appropriate management for SJS/TEN consists of prompt discontinuation of suspected 
causative medications and supportive care. Many patients with SJS and all patients with TEN 
should be managed in a hospital setting, ideally an intensive care burn unit. Patients should 
receive meticulous wound care, management of fluids and electrolytes, nutritional support, and 
monitoring and treatment of superinfections. Because the epidermal barrier is severely 
compromised, death in patients with SJS or TEN usually is caused by infection. Appropriate 
antibiotics should be administered when infection is suspected; however, there is no role for 
prophylactic antibiotics in SJS or TEN because the goal is to minimize medication exposures. 
Because ocular involvement can be a source of major morbidity, patients with SJS and TEN 
should be monitored by an ophthalmologist. Gynecologic evaluation is also appropriate for 


women, who may experience sloughing of the vulvar and vaginal mucosa. No controlled 
randomized clinical trials have identified an ideal therapy for SJS or TEN. The use of 
corticosteroids in SJS/TEN is controversial, as their use may be associated with an increased risk 
of infection; however, many practicing dermatologists use corticosteroids as part of the 
management of SJS or TEN. Accumulating data suggest that intravenous immune globulin may 
halt epidermal necrosis and decrease overall mortality, especially in the setting of TEN, when 
administered early in the course of the disease and in adequate doses (greater than 2 g/kg total 
dose). 


PreviousNext 


Erythroderma 


Erythroderma is defined as redness and scaling of more than 90% of the body surface area. It 
primarily affects middle-aged men. In at least 50% of affected patients, erythroderma is the result 
of slow (months to years) evolution, often of a known cutaneous disease such as atopic 
dermatitis, psoriasis, or cutaneous T-cell lymphoma. Evolution over a shorter (days- to weeks- 
long) period may occur as a result of drug eruptions, pityriasis rubra pilaris, pemphigus 

foliaceus, and pustular psoriasis. 
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Causes 


The most common causes of erythroderma are drug eruptions, psoriasis, atopic dermatitis, and 
cutaneous T-cell lymphoma; up to 47% of cases are idiopathic (Figure 119). The diagnosis of 
idiopathic erythroderma is one of exclusion. Adult onset of atopic dermatitis in a person without 
a personal or family history of atopy is rare; caution should be used when making this diagnosis 
because cutaneous T-cell lymphoma can also present with a similar widespread dermatitis or 
erythroderma. Patients with a history of psoriasis who are treated with systemic corticosteroids, 
often for another condition, may develop a widespread erythrodermic or pustular flare when the 
corticosteroids are discontinued. This is considered a medical emergency. 


Included in the differential diagnosis of erythroderma are conditions that cause widespread 
erythema without diffuse scaling, such as staphylococcal scalded skin syndrome, staphylococcal 
toxic shock syndrome, streptococcal toxic shock syndrome, Kawasaki disease, and early toxic 
epidermal necrolysis. 


Figure 119. 


Erythroderma due to drug hypersensitivity. 
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Diagnosis and Management 


Most patients with erythroderma experience severe pruritus, and approximately 50% of patients 
will have lymphadenopathy. All patients with erythroderma have the potential for systemic 
complications including hypo- or hyperthermia, edema, intravascular fluid loss, tachycardia, 
high-output heart failure, and bacterial superinfection, primarily with Staphylococcus aureus 


(Figure 120). 


It is often difficult to determine the underlying cause of erythroderma during the acute phase. 
Clinical clues to the diagnosis of the most common causes of erythroderma appear in Table 30. 
Alopecia, nail dystrophy, ectropion, and thickening of the palms and soles suggest that the 
erythroderma is long-standing. The presence of lymphadenopathy should prompt an excisional 
lymph node biopsy if lymphoma is suspected. 


Laboratory findings are nonspecific but may demonstrate leukocytosis, anemia, eosinophilia, 
lymphocytosis, an increased erythrocyte sedimentation rate, an elevated serum creatinine level, 
and a low serum protein level. Imaging of the chest, abdomen, and pelvis is often performed 
when the underlying cause of erythroderma is not obvious and lymphoma is suspected. Skin 
biopsy with routine hematoxylin and eosin staining should be performed in every patient with 
erythroderma; however, histopathologic findings diagnostic of the underlying cause are present 
in only 50% of patients. If the initial biopsy is negative, repeated biopsies may be useful and are 
recommended. 


All patients with erythroderma should receive supportive hospital care, which includes close 
monitoring of fluids and electrolytes, nutrition, hypothermia, and bacterial superinfection. 
Intensive topical care with emollients, topical corticosteroids, and oral antihistamines is often 
used to control pruritus. Systemic corticosteroids or other immunosuppressants may be required, 
but these should be used with caution under the supervision of a dermatologist. Treatment should 
be aimed at the underlying disease, once identified. 


Figure 120. 


Typical erythema and scale with overlying honey-crusting in a patient with erythroderma and 
Staphylococcus aureus secondary infection. 


Table 30. Clinical Clues to the Diagnosis of Selected Causes 
of Erythroderma 


Cause 


Atopic dermatitis 


Psoriasis 


Cutaneous T-cell 
lymphoma/Sézary 
syndrome 


Hypersensitivity 
drug eruption 


Bibliography 


History 


Personal or family 
history of atopic 
dermatitis, allergic 
rhinitis, or asthma; 
preexisting skin lesions; 
severe pruritus 


Personal or family 
history of psoriasis; 


Physical Examination Laboratory Findings 


Findings 
Lichenification 


Nail pitting, oil droplet 
sign, onycholysis; 


preexisting psoriatic skin psoriatic arthritis 


lesions; history of 
corticosteroid 
withdrawal 


Slowly progressive; 
extreme, intractable 
pruritus 


Onset 3-6 weeks after 
start of a new 
medication; most 
common causative 
medications are 
allopurinol, aromatic 
anticonvulsants, 
dapsone, NSAIDs, 
sulfonamides, 
lamotrigine 


Lymphadenopathy; 
painful, fissured 
keratoderma; alopecia; 
leonine facies 


Facial edema; cervical 
lymphadenopathy; fine 
scale around nose; 
hepatosplenomegaly 


Eosinophilia; elevated 
serum IgE level 


Skin biopsy may be 
diagnostic 


Peripheral blood smear 
with >20% Sézary cells; 
clonal T-cell population 
in skin, blood, and/or 
lymph node 
Leukocytosis with 
eosinophilia or atypical 
lymphocytosis; elevated 
serum aminotransferases; 
elevated blood urea 
nitrogen or serum 
creatinine levels 


e Akhyani M, Ghodsi ZS, Toosi S, Dabbaghian H. Erythroderma: a clinical study of 97 
cases. BMC Dermatol. 2005;5:5. [PMID: 15882451]. See PubMed 

e French LE. Toxic epidermal necrolysis and Stevens Johnson syndrome: our current 
understanding. Allergol Int. 2006;55(1):9-16. [PMID:17075281]. See PubMed 

e Mockenhaupt M, Viboud C, Dunant A, et al. Stevens-Johnson syndrome and toxic 
epidermal necrolysis: assessment of medication risks with emphasis on recently marketed 


drugs. The EuroSCAR study. J Invest Dermatol. 2008;128(1):35-44. [PMID:17805350]. 
See PubMed 

e Rothe MJ, Bernstein ML, Grant-Kels JM. Life-threatening erythroderma: diagnosing and 
treating the “red man.” Clin Dermatol. 2005;23(2):206-217. [PMID:15802214]. See 
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Alopecia 


e Overview 
e Nonscarring Alopecia 
e Scarring Alopecia 


Key Points 


e Alopecia areata typically presents with round patches of smooth alopecia without 
scarring, with exclamation-point hairs and tapered fractures. 

e Trichorrhexis nodosa is characterized by hairs with broomlike, pigmented ends and 
patches of dense, short hairs with normal follicular density. 

e Pattern alopecia in men presents with hair thinning on the crown or recession in the area 
of the temples; women with pattern alopecia present with hair thinning of the crown, a 
frontal hairline that is preserved, and a part that is distinctly wider anteriorly. 

e Scarring alopecia is characterized by patches of hair loss with no visible follicular 
openings. 


PreviousNext 


Overview 


Alopecia consists of generalized or patchy hair loss, usually from the scalp, but it occurs at other 
sites as well. The initial step in the evaluation is to determine if hair loss is scarring or 
nonscarring. In nonscarring alopecia, the follicular openings are preserved, whereas they are lost 
in scarring alopecia. 
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Nonscarring Alopecia 


Patient history and physical examination are sufficient to establish the cause of most cases of 
nonscarring alopecia. A few inexpensive laboratory tests, such as thyroid-stimulating hormone 
measurement and iron studies, may be necessary, but extensive panels of endocrine studies are 


seldom of any clinical value. The most common causes of nonscarring alopecia are alopecia 
areata, trichorrhexis nodosa, pattern alopecia, telogen effluvium, and tinea capitis (see Common 
Skin and Nail Infections). 
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Alopecia Areata 


Patients with alopecia areata have well-defined, round, smooth areas of hair loss (Figure 121). 
Short, fractured, exclamation-point hairs may be visible at the periphery. Easily extracted hairs at 
the periphery demonstrate a tapered “pencil-point” fracture. Nail pitting is often present. 


Alopecia areata is an autoimmune disorder, but screening for other autoimmune disorders is only 
necessary in the presence of suggestive signs or symptoms. The major differential diagnosis is 
syphilis, which commonly presents with patchy, “moth-eaten” alopecia and a generalized 
papulosquamous rash that also involves the palms and soles. 


Local patches of alopecia areata respond to intralesional injections of triamcinolone. An 
occasional patient will respond to potent topical corticosteroids, but scalp atrophy and 
depigmentation may result. Further information is available from the National Alopecia Areata 
Foundation (www.naaf.org). 


Figure 121. 


A well-defined, round, smooth area of hair loss with preserved follicular openings in a patient 
with alopecia areata. 
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Trichorrhexis Nodosa 


Trichorrhexis nodosa (fracture of the hair shaft) is common in black patients who straighten their 
hair. A hair with a broomlike, pigmented end is diagnostic of trichorrhexis nodosa. Patches of 
dense, short hairs with normal follicular density are typical of trichorrhexis nodosa. 


Patients with trichorrhexis nodosa will regrow healthy hair if gentle hair-care practices are 
adopted. 
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Pattern Alopecia 


Pattern alopecia presents with hair thinning on the crown or recession in the area of the temples. 
In men, pattern alopecia may be treated with 2% to 5% topical minoxidil or oral finasteride. 


Women with pattern alopecia present with hair thinning of the crown, a frontal hairline that is 
preserved, and a part that is distinctly wider anteriorly (Figure 122). They respond best to topical 
minoxidil. Finasteride is of no benefit to the majority of women with pattern alopecia and is a 
pregnancy risk category X drug. Oral antiandrogens such as spironolactone may be effective. 
Women with temporal recession or frank virilization require an endocrine evaluation for 
polycystic ovary syndrome. 


Figure 122. 


Pattern alopecia in a female patient, characterized by a frontal hairline that is preserved and a 
part that is distinctly wider anteriorly. 
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Telogen Effluvium 


Telogen effluvium presents as a sudden increase in shedding of hairs with white bulbs, usually 3 
to 5 months after a period of stress, such as a crash diet, serious illness, surgery, or childbirth. 
Seborrheic dermatitis, psoriasis, iron deficiency, and thyroid disease may also cause telogen 
effluvium. 
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Scarring Alopecia 


Scarring alopecia is characterized by patches of hair loss with no visible follicular openings 
(Figure 123). Scarring alopecia begins with erythema at the base of the hairs and evolves to 
clusters of hairs (“doll's hair”) emerging from an inflammatory base. It results in permanent hair 
loss. Progression is often slow but without appropriate treatment will result in permanent 
scarring. A scalp biopsy is generally required to establish the diagnosis. Patients with scarring 
alopecia should be referred to a dermatologist. 


Figure 123. 


Scarring alopecia with no visible follicular openings. 
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Leg Ulcers 


e Overview 

e Venous Stasis Ulcers 
e Neuropathic Ulcers 

e Arterial Ulcers 


e Nonhealing Ulcers 


Key Points 


e Venous stasis ulcers are associated with chronic venous insufficiency and typically occur 
on the medial aspect of the lower leg, especially over the medial malleolus. 

e Venous stasis ulcers should be treated with compression. 

e Neuropathic ulcers occur primarily over the plantar aspects of the foot and are common 
in patients with diabetes mellitus and severe peripheral neuropathy. 

e Management of neuropathic ulcers requires debridement of necrotic tissue followed by 
offloading of pressure. 

e Arterial ulcers are the result of severe peripheral vascular disease and are typically 
located on the most distal portions of the extremities and over pressure points. 

e Patients with arterial ulcers should be referred to a vascular surgeon for evaluation of 
their potential for revascularization. 

e Nonhealing ulcers or those with an atypical appearance should be biopsied. 

e Systemic antibiotics should be reserved for clinically infected ulcers. 

e Pentoxifylline, when combined with compression, may aid in the resolution of venous 
ulcers. 
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Overview 


Leg ulcers are common in patients with diabetes mellitus, peripheral artery disease, 
lymphedema, and venous stasis. Some leg ulcers have mixed causes, but the vast majority can be 
classified as venous (stasis), neuropathic, or arterial (ischemic). 


PreviousNext 


Venous Stasis Ulcers 


Venous stasis ulcers are associated with chronic venous insufficiency and typically occur on the 
medial aspect of the lower leg, especially near the medial malleolus overlying a perforating vein 
(Figure 124). These ulcers are irregularly shaped, tender, and shallow with a red base that may 
occasionally be purulent. Ulcers may be single or multiple, but they do not occur on the foot or 
above the knee. Accompanying signs of venous insufficiency include edema and hemosiderin 


staining, which results in a copper to brown coloration of the skin. Skin affected by chronic stasis 
dermatitis may be thickened and sclerotic, a condition known as lipodermatosclerosis. Patients 
with severe pain usually also suffer from segmental hyalinizing vasculopathy and demonstrate 
reticulated areas of white scarring (atrophie blanche). 


Venous stasis ulcers respond to compression, and compression may be the essential element in 
healing. There are no randomized controlled trials of compression therapy, but cohort studies 
suggest that healing is more likely to occur and at a greater rate among patients compliant with 
compression therapy. Two types of compression devices are available, elastic (stockings) and 
inelastic. The zinc-oxide—impregnated paste bandage (Unna boot) is an example of an inelastic 
compression system. High compression is more effective than low compression, but arterial 
disease should be excluded prior to initiating compression therapy. Dressings are important to 
protect the wound and provide a moist environment for wound healing. A systematic review of 
multiple dressing types found no difference in healing rates among the various dressings used. 
Hydrocolloid or foam dressings are most often used to cover the ulcer and can be applied 
beneath elastic dressings and under an Unna boot, and a mid- to high-potency corticosteroid 
ointment can be applied to surrounding skin if there is associated stasis dermatitis. Oral, rather 
than topical, antibiotics should be used if there is any suggestion of infection, as there is a 
significant risk of developing allergic contact dermatitis to topical antibiotics used in this setting. 
The boot is typically changed weekly. Healing occurs over a course of weeks to months. 
Mechanical compression pumps can be helpful if severe edema is present. Refractory ulcers may 
benefit from pentoxifylline. Some patients benefit from surgical treatment of incompetent 
vessels, although this is not needed in the majority of patients; evaluation by a vascular surgeon 
is appropriate, particularly if there appears to be involvement of the deep venous system. All 
patients should wear elastic compression hose following healing of the ulcer. Two pairs of knee- 
high stockings providing at least 20 mm Hg of pressure should be supplied and should be 
replaced every 3 to 6 months. 


Figure 124. 


Venous stasis ulcers are typically minimally symptomatic and occur on the medial side of the 
lower leg in areas of hyperpigmentation. 
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Neuropathic Ulcers 


Neuropathic ulcers occur in insensate limbs. The usual patient with a neuropathic ulcer has 
diabetes mellitus and severe peripheral neuropathy (see MKSAP 15 Endocrinology and 
Metabolism). As a result, the ulcers are usually asymptomatic except for associated diabetic 
paresthesia. Neuropathic ulcers occur primarily over the plantar aspects of the foot, especially in 
the region of the metatarsal heads (Figure 125). Thick surrounding hyperkeratosis is typically 
present. The ulcers are usually much deeper and wider than their surface appearance suggests. If 
not recognized promptly and managed properly, associated osteomyelitis can lead to amputation 
(see MKSAP 15 Infectious Disease). 


Management usually requires assessment of infection, including the possibility of osteomyelitis, 
assessment of vascular supply, and debridement of necrotic tissue followed by offloading of 
pressure, usually by means of total-contact casting. 


Figure 125. 


Neuropathic ulcers have a hyperkeratotic rim and occur over pressure points such as the 
metatarsal heads. 
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Arterial Ulcers 


Arterial ulcers (also called ischemic ulcers) are the result of severe peripheral vascular disease 
and are typically located on the most distal portions of the extremities (Figure 126). They 
commonly overlie bony prominences that are subject to trauma or pressure. The surrounding skin 
is typically red, taut, and atrophic. Skin markings and hair are absent, pulses are difficult to 
palpate, and capillary refill is poor. The ulcer may appear punched-out or stellate, and a black or 
yellow eschar may be present. Pain is typically severe and worsens when the leg is elevated. 


An ankle-brachial index below 0.6 suggests arterial compromise. Infarction of the toes and 
livedo reticularis suggest the possibility of cholesterol embolization (Figure 127). Renal function 
should be assessed in a patient with these findings, as emboli commonly involve the kidneys. 


Patients with ischemic ulcers should be evaluated by a vascular surgeon. For those who are not 
candidates for revascularization, slow healing may be possible with gentle debridement and 
moist wound care. Infection should be treated if present. 


Figure 126. 


Arterial ulcers are intensely painful and occur on the distal portions of the extremities. 


Figure 127. 


Cholesterol embolization typically presents with distal infarctive lesions. The limb typically 
demonstrates livedo reticularis. 
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Nonhealing Ulcers 


Nonhealing ulcers suggest the possibility of invasive infection, leukocytoclastic vasculitis, or 
squamous cell carcinoma. Other reasons for nonhealing may be related to an incomplete 
treatment plan (inadequate pressure, elevation, dressings) or patient noncompliance. Refractory 
ulcers or those with an atypical appearance should be biopsied. Diseases as diverse as squamous 
cell carcinoma, pyoderma gangrenosum, rheumatoid vasculitis, thrombotic disorders, and 
prolidase deficiency may present with nonhealing leg ulcers. Nutritional deficiency may 
compromise wound healing. 


Systemic antibiotics are indicated only if the ulcer is clinically infected. Signs and symptoms of 
infection include pain or increasing tenderness, a foul smell, purulent drainage, necrosis, 
spreading redness, warmth, and induration. Refractory ulcers may benefit from pentoxifylline. A 
systematic review of 11 trials concluded that pentoxifylline was more effective for complete or 
partial venous ulcer healing than placebo or no treatment and was most effective when used in 
conjunction with compression. Several growth factors, including platelet-derived growth factor, 
epidermal growth factor, fibroblast growth factors, transforming growth factors, and insulin-like 
growth factors, have been used to treat refractory ulcers. The few randomized clinical trials that 
have assessed their efficacy have generally found conflicting results. The use of growth factors is 
expensive and not without risk. Postmarketing studies have recently identified an increased risk 
of cancer mortality in patients who have used three or more tubes of becaplermin gel, and 
caution is advised in using it in patients with known malignancy. Based on uncontrolled trials 
and expert opinion, skin grafting and skin substitutes can be of benefit in refractory ulcers. 
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Special Populations 


Skin in Elderly Patients 


Dermatologic Diseases of Immunosuppressed Patients 
Dermatologic Diseases in Skin of Color 


Dermatologic Diseases in Obesity 


Key Points 


e As skin ages, it thins, loses moisture and elasticity, and declines in physical and immune 
function. 

e Pruritus due to dry skin is one of the most common skin problems in the elderly. 

e Gentle skin care with regular use of emollients should be recommended to all older 
persons to help maintain skin hydration and barrier integrity. 

e Inpatients with HIV infection, initiation of antiretroviral therapy can lead to dramatic 
improvement in psoriasis, photodermatitis, prurigo nodularis, molluscum contagiosum, 
and drug reactions. 

e Eczema, xerosis, warts, and Kaposi sarcoma that are associated with HIV infection do not 
improve with antiretroviral therapy. 

e The most common skin diseases in the transplant population are infections or 
malignancy. 

e Skin cancers in organ-transplant patients are common, behave aggressively, and have a 
significantly increased risk of metastasis and death. 

e Vitiligo is characterized by depigmentation that is usually found on the face, genitals, and 
dorsal hands, usually in a bilaterally symmetric distribution. 

e Vitiligo may precede the appearance of Hashimoto thyroiditis, Graves disease, diabetes 
mellitus, alopecia areata, pernicious anemia, and rheumatoid arthritis. 

e Squamous cell carcinomas in black patients occur most frequently on the legs and in 
non—sun-exposed areas. 

e Melanomas in persons of color occur frequently in non—sun-exposed areas such as the 
palms, soles, and mucous membranes. 

e Advanced lymphedema is characterized by nonpitting “peau d'orange” edema and by 
hyperkeratosis and papillomatosis. 

e Lipodermatosclerosis, stasis dermatitis, and leg ulcers are common complications of 
chronic venous insufficiency. 

e Intertrigo is caused by increased moisture and friction and may become colonized or 
overtly infected by Candida or Staphylococcus. 

e In patients with intertrigo, the presence of satellite pustules at the periphery suggests 
candidiasis. 
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Skin in Elderly Patients 


As the skin ages, it thins and loses moisture and elasticity. Elderly patients tend to have dry and 
flaky skin, particularly on the lower extremities. Loss of elasticity coupled with a loss of 
subcutaneous tissues leads to sagging skin. Much of what is considered “aging” in the skin, 
however, is actually the result of chronic sun damage, or photoaging (Figure 128). Common 
features of aged and sun-damaged skin are listed in Table 31. Aged skin is less able to regulate 
temperature, maintain hydration, and repair damage. Sebum and sweat production decrease. 
Immune responsiveness declines, as does vitamin D production. 


Figure 128. 


Photoaged skin with accentuated wrinkles, telangiectasia, and yellowish discoloration from 
degeneration of elastin in the skin. 


Table 31. Common Skin Findings of Aged Versus Photoaged 
Skin 


Intrinsic Aging Photoaging 
Thinning of skin Accentuated wrinkling 
Thinned epidermis Coarse furrows 
Loss of subcutaneous fat Fine wrinkles 
Fine wrinkles Irregular pigmentation 
Dry, flaky skin Diffuse pigmentation; “bronzing” 
Loss of elasticity Lentigenes 
Skin pallor Pebbly texture of skin (elastosis) 


Decreased skin temperature Solar purpura 


Loss of hair Telangiectasia 
Graying of hair Venous lakes 
Development of seborrheic keratoses, cherry angiomas Comedones 
Actinic keratoses, skin cancers 
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Common Clinical Problems of Aging Skin 


Xerosis (dry skin) is one of the most common causes of pruritus in older persons. Because the 
skin is fragile, lacerations occur easily, and wound healing may be prolonged or complicated by 
the development of ulcers. Certain cutaneous infections occur with increased frequency in the 
elderly, notably varicella zoster, and many older persons have chronic onychomycosis and tinea 
pedis. A variety of benign and malignant tumors appear as patients age. Nevi involute and may 
disappear completely by the sixth or seventh decade of life. Seborrheic keratoses, cherry 
angiomas, and lentigenes begin to develop in middle age and increase over time (Figure 129). 
Solar or actinic purpura occurs frequently in individuals who have extensive photodamage of the 
skin. Minimal trauma, which may or may not have been recognized, causes large, asymptomatic 
ecchymoses. Drug reactions are more common in elderly persons, likely because of increased 
exposure. This may also be due to decreased drug clearance or altered metabolism. 


Figure 129. 


Seborrheic keratoses (waxy tan to brown, “stuck-on’—appearing papules) and cherry angiomas 
(nonblanchable, pink to red, small papules) are frequently seen together on the chest and back of 
older patients. 
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Management of Aging Skin 


Gentle skin care with regular use of emollients should be recommended to all older persons to 
help maintain skin hydration and barrier integrity. 


Sun protection is important even in older adults, because cumulative sun damage continues to 
accrue. Many cosmeceutical products are available to treat photodamaged skin, and their 
beneficial effects (and prices) vary widely. Generally, products that contain retinol or a-hydroxy 
or B-hydroxy acids may have some beneficial effects. Topical tretinoin reduces fine wrinkles and 


other evidence of sun damage and is U.S. Food and Drug Administration—approved for the 
treatment of wrinkling; however, insurance companies and Medicare rarely cover its use for what 
is considered cosmetic purposes. 


Decreased estrogen levels after menopause are thought to contribute to many age-related skin 
changes in women. Use of hormone therapy and selective estrogen receptor modulators may 
improve skin elasticity and decrease wrinkling. However, the U.S. Preventive Services Task 
Force recommends against the use of estrogen or estrogen plus progestin for the prevention of 
chronic diseases after menopause because of the increase in cardiovascular disease and cancer 
risk. Cigarette smoking exacerbates wrinkling, particularly in women. 
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Dermatologic Diseases of Immunosuppressed Patients 


e Skin Diseases in HIV 
e Skin Diseases in Hematopoietic Stem Cell Transplant and Organ Transplant Recipients 
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Skin Diseases in HIV 


Since the advent of antiretroviral therapy, the incidence of many skin diseases that were once 
common in HIV-positive patients (such as seborrheic dermatitis, fungal infections, psoriasis, and 
cutaneous manifestations of opportunistic infections) has decreased. However, patients with a 
CD4 cell count less than 200/uL who are not on antiretroviral therapy commonly have psoriasis, 
photodermatitis, prurigo nodularis, molluscum contagiosum, and drug reactions. In all of these 
conditions, initiation of antiretroviral therapy can lead to dramatic improvement. 


Psoriasis in patients with a low CD4 cell count can be severe, affect more than 50% of the body 
surface area, and present in an atypical fashion (more severe, explosive onset) (Figure 130). 
Treatment includes antiretroviral therapy, topical corticosteroids, and acitretin. 


Photodermatitis in patients with HIV infection may be caused by the virus itself and concomitant 
administration of photosensitizing medications. Treatment consists of sunscreen, high-potency 
topical corticosteroids, emollients, and antihistamines. 


Pruritus in HIV infection may be the result of skin disorders common in HIV (xerosis, scabies, 
psoriasis), secondary to internal disease (lymphoma), or a manifestation of early infection. 
Eosinophilic folliculitis is also found in advanced HIV disease and is characterized by recurrent, 
pruritic crops of 3- to 5-mm red papules centered around hair follicles found primarily on the 
scalp, face, neck, and upper chest. Treatment includes high-potency topical corticosteroids and 
sometimes thalidomide. 


Molluscum contagiosum (see Common Skin and Nail Infections) can be very severe in patients 
with low CD4 cell counts. First-line treatment is antiretroviral therapy. Imiquimod and cidofovir 
have been used off-label to treat widespread or recalcitrant disease. 


Drug reactions are very common in patients with CD4 cell counts less than 50/uL. 


A subset of HIV-associated skin diseases does not improve with antiretroviral therapy. These 
include eczema, xerosis, warts, and Kaposi sarcoma. With the use of antiretroviral therapy, the 
presentation of Kaposi sarcoma has changed from large violaceous or plum-colored plaques to 
more subtle purple patches (Figure 131). Despite favorable CD4 cell counts (>300/uL) and low 
viral loads, Kaposi sarcoma persists in the HIV-positive patient population. 


Figure 130. 


Widespread, coalescing, erythematous plaques with overlying adherent scale of psoriasis in a 
patient with HIV infection. 


Figure 131. 


Kaposi sarcoma, presenting as firm purple nodules in a patient with HIV infection (left). Purple 
palatal nodules of Kaposi sarcoma in a patient with HIV infection (right). 
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Skin Diseases in Hematopoietic Stem Cell Transplant and 
Organ Transplant Recipients 


The most common skin diseases in the transplant population are infections or malignancy. 
Infections that are increased in patients who have undergone transplantation include herpes 
simplex, warts, herpes zoster, and superficial fungal infections with Candida, Malassezia, and 
dermatophytes (Trichophyton species). Also important to recognize are disseminated fungal 
infections with organisms such as Candida, Aspergillus, Fusarium, and fungi of the 
Zygomycetes class. When these infections disseminate to the skin, they most commonly present 
as purpuric papules and/or nodules (Figure 132). Disseminated fungal infection should be 
suspected in any febrile, neutropenic patient with purpuric skin lesions who fails to respond to 
broad-spectrum antibiotics and antiviral agents. A skin biopsy for routine histology, special 
stains for fungal organisms, and culture will aid in the diagnosis. 


The incidence of cutaneous malignancies is increasing dramatically as patients survive longer 
after solid-organ transplantation. The incidence of squamous cell carcinoma, basal cell 
carcinoma, melanoma, and Kaposi sarcoma has increased significantly in this patient population 
(see MKSAP 15 Hematology and Oncology). The risk of developing skin cancers increases with 
time from transplantation. These skin cancers are more likely to be multiple, occur at a younger 
age, and behave more aggressively with a significantly increased risk of metastasis and death. 
Treatment for individual lesions is surgical excision. Overall risk reduction can be achieved 
through reduction of immunosuppression and use of oral retinoids (off label). 


= Og 


Figure 132. 


Purpuric nodule as the presenting sign of disseminated candidiasis in a patient with acute 
lymphoblastic leukemia. 
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Dermatologic Diseases in Skin of Color 


Patients with darker skin color are predisposed to develop a number of diseases at a higher 
frequency or with greater severity and impact on quality of life than those with lighter 
pigmentation. Abnormalities of pigmentation are common problems. 
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Postinflammatory Hyper- and Hypopigmentation 


As the skin in patients with darker skin color recovers from an acute inflammatory disease such 
as an acne lesion, it may become hyperpigmented (known as postinflammatory 
hyperpigmentation) (Figure 133). The time required for the area of postinflammatory 
hyperpigmentation to fade to normal skin color is highly variable and relates to the patient's 
normal skin tone and the intensity and type of inflammation. Postinflammatory 
hyperpigmentation may take months or sometimes years to recover and can be psychologically 
distressing. Treatment with peeling agents such as glycolic or salicylic acid or with bleaching 
agents such as hydroquinone may help; however, they do not always result in the desired 
improvement. 


Certain conditions may lighten the skin as they resolve. Discoid lupus erythematosus frequently 
causes scarring and hypopigmentation, as can seborrheic dermatitis, tinea versicolor, atopic 
dermatitis, and sarcoidosis. In scarred areas, the pigment alteration may be permanent; however, 
postinflammatory hypopigmentation generally recovers more quickly without treatment than 
does postinflammatory hyperpigmentation. 


Figure 133. 


Postinflammatory hyperpigmentation may occur in patients with darker skin color as skin 
recovers from an acute inflammatory disease, such as an acne lesion. 
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Vitiligo 


Vitiligo is characterized by depigmentation, which is a complete absence of color (Figure 134). 
White macules are most frequently found on the face, genitals, and dorsal hands and are often 
bilaterally symmetric in distribution. Vitiligo affects between 0.1% and 2% of the population and 
is most common in children or young adults. It has no racial or ethnic predisposition; however, 
the social and psychological impact is most devastating in patients of color. Loss of pigment 
results from death of melanocytes in the affected skin. It is likely due to a cellular autoimmune 
response, and associations with other autoimmune diseases (particularly those of the thyroid) are 
common. Hashimoto thyroiditis, Graves disease, diabetes mellitus, alopecia areata, pernicious 
anemia, and rheumatoid arthritis are seen with increased frequency in patients with vitiligo. The 
skin disease often occurs before the associated endocrinopathy. Vitiligo is most commonly 
treated with topical corticosteroids, topical immunomodulators, or phototherapy. 


Figure 134. 


Vitiligo in a black patient, characterized by absence of color. 
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Disorders of Skin Appendages 


Because black patients' hair may be tightly coiled, shaving may result in ingrown hairs; these can 
lead to inflammatory papules and pustules that may cause keloids. Abnormalities of hair, such as 
pseudofolliculitis barbae, acne keloidalis nuchae, and central centrifugal scarring alopecia, are 
particularly prevalent and distressing. Pseudofolliculitis barbae (shaving bumps) affects up to 
80% of black men and is characterized by the formation of firm, skin-colored, erythematous or 
hyperpigmented papules. Acne keloidalis nuchae is an inflammatory folliculitis that is 
manifested by papules, pustules, and keloid formation at the nape of the neck ( ). 
Black women have a higher prevalence of acne keloidalis nuchae in the vertex areas of the scalp. 
Central centrifugal scarring alopecia is a slowly progressive, permanent hair loss that begins on 
the crown and advances to the surrounding area. 


All three diseases can be treated with topical (and sometimes intralesional) corticosteroids and 
oral antibiotics. Response to treatment is variable. For patients with pseudofolliculitis barbae, no 
shaving or shaving in the direction of hair growth (rather than “against the grain”) may be 
recommended. For central centrifugal scarring alopecia, patients should be told to avoid tight 
braiding of hair and the use of hot oils for styling and straightening. 


Figure 135. 


Acne keloidalis nuchae is an inflammatory folliculitis that is manifested by keloid formation at 
the nape of the neck. 
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Keloids 


Keloids are more common and reach a larger size in black patients than in patients of other races. 
Treatment with intralesional corticosteroids may decrease their size and symptoms; however, the 
skin rarely completely recovers (see Common Neoplasms). 
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Dermatosis Papulosa Nigra 


Dermatosis papulosa nigra is characterized by small, hyperpigmented papules that first occur in 
the periorbital region and slowly increase in number on the face over time (Figure 136). These 
occur in about 35% of black patients and also are seen frequently in Asian patients. They are 
benign and asymptomatic and are likely related to seborrheic keratoses. They can be removed for 
cosmetic reasons, but they do not require treatment. 


Figure 136. 


Dermatosis papulosa nigra, characterized by small, hyperpigmented papules that first occur in 
the periorbital region and slowly increase in number on the face over time. 
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Skin Cancers 


Skin cancers are relatively uncommon in darker-skinned individuals. Basal cell carcinomas occur 
infrequently in persons of color; patients with lighter skin tone and those exposed to high levels 
of ultraviolet light are at highest risk. When basal cell carcinoma does occur in darker-skinned 
individuals, it is almost always of the pigmented subtype. Squamous cell carcinomas are the 
most common skin cancer in black patients, in whom they occur most frequently on the legs and 
in non—sun-exposed areas. This is in contrast to squamous cell carcinomas in light-skinned 
persons, which usually occur on sun-damaged skin. Melanomas in persons of color also 
frequently occur in non—sun-exposed areas, such as the palms, soles, and mucous membranes. 
Because there is, in general, a low index of suspicion for skin cancer in persons of color, the 
diagnosis may be delayed, leading to a worse outcome. Suspicious lesions in an individual of any 
skin color should be promptly and appropriately evaluated. 
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Dermatologic Diseases in Obesity 


Acanthosis Nigricans 

Lymphedema and Chronic Venous Insufficiency 
Skin Infections and Intertrigo 

Striae Distensae 

Cellulite 
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Acanthosis Nigricans 


Acanthosis nigricans is a velvety, dark thickening of the skin that involves primarily the flexural 
sites of the neck, axillae, and groin (Figure 137). The dorsal hands and elbows may also be 
affected. Nearly 75% of obese patients develop acanthosis nigricans. Acrochordons (skin tags) 
develop in similar areas and may accompany acanthosis nigricans. All non—malignancy- 
associated cases of acanthosis nigricans are associated with insulin resistance. Acanthosis 
nigricans and insulin resistance are also associated with hyperandrogenism and such androgen- 
dependent conditions as acne, hidradenitis suppurativa, and androgenic alopecia. Weight loss and 
improved control of hyperinsulinemia are the primary interventions required. 


Figure 137. 


Acanthosis nigricans, characterized by a velvety brown plaque with skin tags, in the axilla of an 
obese patient. 
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Lymphedema and Chronic Venous Insufficiency 


Lymphedema and chronic venous insufficiency are common in obese individuals. Chronic 
venous insufficiency results from persistent venous hypertension caused by venous 
incompetence or occlusion. Manifestations of chronic venous insufficiency include edema, skin 
hyperpigmentation, stasis dermatitis, varicose veins, lipodermatosclerosis, cellulitis, and 
ulceration. Lower-extremity lymphedema is initially characterized by unilateral or bilateral 
aching leg pain, heaviness, and pitting edema. Early in its course, lymphedema may be confused 
with chronic venous insufficiency. Advanced lymphedema is recognized by the characteristic 
nonpitting “peau d'orange” edema resulting from progressive fibrosis of cutaneous and 
subcutaneous tissue and by hyperkeratosis and papillomatosis. Massive localized lymphedema 
presenting as masses (pseudosarcoma) affecting the pendulous abdomen, upper arms, and thighs 
has recently been described. Massive localized lymphedema usually occurs in patients weighing 
over 181.4 kg (400 Ib.). As with lower-extremity lymphedema, the affected area becomes firm 
and fibrotic over time and with increasing severity. Vesicles, bullae, and oozing of lymphatic 
fluid may also be seen. Surgical excision of the localized mass of lymphedema is the only 
reported successful therapy. 
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Skin Infections and Intertrigo 


The incidence of skin infections is increased in obese patients because the moist, warm, 
protected environment in skin folds is conducive to the growth of both bacteria and fungi. 


Intertrigo is caused by increased moisture and friction and is not itself an infectious condition. It 
does, however, frequently become colonized and, at times, infected by Candida or, less 
commonly, Staphylococcus. The presence of satellite pustules at the periphery suggests 
candidiasis. Uncomplicated intertrigo responds to low-potency hydrocortisone or tacrolimus 
ointment, but topical antifungal medications are often required as well because of concomitant 
fungal infection. Combination corticosteroid-antifungal preparations should be avoided in these 
areas, as the corticosteroid is excessively strong and may cause striae. 


Dermatophyte infection of the interdigital spaces of the feet and the toenails occurs with 


increased frequency in obese patients. These require topical antifungal agents, or, in patients with 
onychomycosis, oral antifungal agents. 
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Striae Distensae 


Striae distensae are linear atrophic marks found most commonly on the abdomen, breasts, 
buttocks, and thighs in obese individuals. Their orientation is perpendicular to the greatest force 
of tension. Early lesions may be raised and pink, but over time they become white and atrophic. 


Similar stretch marks occur in Cushing syndrome but are wider, more atrophic, and more likely 
to be purple than those seen in simple obesity (Figure 138). 


Figure 138. 


Wide purple striae along the lateral abdomen in a patient with Cushing syndrome. 
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Cellulite 


Gynoid lipodystrophy, or cellulite, is a dimpled, irregular contour of the skin of the thighs, 
buttocks, and abdomen. This is present to some degree in most postadolescent women but is 
more pronounced in those with increased subcutaneous fat. Weight loss has a variable effect on 
this appearance, and current therapies are also not reliably effective in improving the appearance. 
Body contouring with liposuction is the most commonly performed cosmetic surgical procedure 
in the United States. Obese patients may seek this procedure, but the large volumes of 


subcutaneous fat that must be removed significantly increase the complication rate and may be 
associated with an increased proportion of visceral adipose tissue. This latter effect may increase 
the metabolic effects of obesity. 


Bibliography 


Berg D, Otley CC. Skin cancer in organ transplant recipients: epidemiology, 
pathogenesis, and management. J Am Acad Dermatol. 2002;47(1):1-17. 
[PMID:12077575]. See PubMed 

Grimes PE. New insights and new therapies in vitiligo. JAMA. 2005;293(6):730-735. 
[PMID:15701915]. See PubMed 

Maurer T, Ponte M, Leslie K. HIV-associated Kaposi's sarcoma with a high CD4 count 
and a low viral load. N Engl J Med. 2007;357(13):1352-1353. [PMID:17898112]. See 
PubMed 

Raju S, Neglén P. Chronic venous insufficiency and varicose veins. N Engl J Med. 
2009;360(22):23 19-2327. [PMID:19474429]. See PubMed 

Stevenson S, Thornton J. Effect of estrogens on skin aging and the potential role of 
SERMs. Clin Interv Aging. 2007;2(3):283-297. [PMID:18044179]. See PubMed 
Venkatesan P, Perfect JR, Myers SA. Evaluation and management of fungal infections in 
immunocompromised patients. Dermatol Ther. 2005;18(1):44-57. [PMID:15842612]. See 
PubMed 

Yaar M, Gilchrest BA. Skin aging: postulated mechanisms and consequent changes in 
structure and function. Clin Geriatr Med. 2001;17(4):617-630. [PMID:11535419]. See 
PubMed 

Yosipovitch G, DeVore A, Dawn A. Obesity and the skin: skin physiology and skin 
manifestations of obesity. J Am Acad Dermatol. 2007;56(6):901-916. [PMID:17504714]. 
See PubMed 


Diabetes Mellitus 


Diagnosis and Classification of Diabetes Mellitus 
Treatment of Diabetes Mellitus 


Complications of Diabetes Mellitus 
Hypoglycemia in Patients Without Diabetes Mellitus 


Key Points 


Patients with impaired fasting glucose levels and impaired glucose tolerance are at 
increased risk for developing type 2 diabetes mellitus. 

Women with a history of gestational diabetes mellitus are at very high risk (~50%) of 
developing type 2 diabetes within a decade. 

Metformin is widely considered the best first-line antihyperglycemic agent for type 2 
diabetes mellitus and may help prevent progression from prediabetes to diabetes; 
sulfonylureas are typically used as second-line therapy. 

In type 1 diabetes mellitus, an intensive insulin regimen involving at least three to four 
daily insulin injections or a continuous subcutaneous insulin infusion with a 
programmable insulin pump is preferable. 

Glycemic control needs to be maintained compulsively throughout gestation, with current 
glucose targets of 60 to 90 mg/dL (3.3 to 5.0 mmol/L) premeal and less than 120 mg/dL 
(6.7 mmol/L) 1 hour postmeal. 

The mainstays of therapy for diabetic ketoacidosis are intravenous insulin and 
intravenous fluids. 

Microvascular complications in diabetes mellitus involve the kidneys (diabetic 
nephropathy), retinae (diabetic retinopathy), and peripheral nerves (diabetic neuropathy); 
macrovascular complications involve the coronary, carotid, and cerebral arteries 
(myocardial infarction); the aorta (stroke); and the arterial supply to the lower extremities 
(gangrene). 

Aggressive blood pressure control, particularly with angiotensin-converting enzyme 
inhibitors or angiotensin-II receptor blockers, slows the progression of diabetic 
nephropathy. 

Clinical evaluation of the diabetic foot includes assessment of the vascular status of the 
leg and an evaluation of foot sensation with a standard 10-g monofilament. 

Barring contraindications, all adult patients with diabetes mellitus who are older than 40 
years are now advised to take daily aspirin. 
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Diagnosis and Classification of Diabetes Mellitus 


Diabetes mellitus, a chronic metabolic disease characterized by increased circulating blood 
glucose levels, results from the inadequate supply or action of insulin. Insulin is the main 
hormonal regulator of intermediary metabolism. Its most prominent effects are the stimulation of 


glucose uptake by peripheral tissues (mainly skeletal muscle) and the suppression of endogenous 
glucose production (mostly by the liver). This anabolic hormone also suppresses lipolysis in 
adipocytes and proteolysis in muscle. 


Patients with diabetes mellitus exhibit variable degrees of hyperglycemia in both fasting and 
postprandial states that is related to specific defects in insulin secretion, the response to insulin, 
or both. Hyperglycemia is associated with an increased risk of chronic micro- and macrovascular 
complications. 


The two major forms of diabetes are type 1 and type 2 (Table 1). Type 1 diabetes is usually 
diagnosed early in life and results from autoimmune destruction of insulin-producing pancreatic 
beta cells. The more common type 2 diabetes typically results from both insulin resistance and 
relative insulin deficiency. The prediabetic states of impaired fasting glucose and impaired 
glucose tolerance are transitional phases; patients with these conditions are at increased risk for 
type 2 diabetes. The diagnostic criteria for diabetes and prediabetes are shown in Table 2. 


Diabetes mellitus is diagnosed in most patients on the basis of their fasting plasma glucose level. 
The more sensitive oral glucose tolerance test is less frequently performed, although it remains a 
standard way to diagnose diabetes during gestation. A diagnosis of diabetes also can be made if a 
random plasma glucose level equals or exceeds 200 mg/dL (11.1 mmol/L) in the setting of 
symptomatic hyperglycemia, such as polyuria, polydipsia, or blurred vision. The hemoglobin Aj, 
value is a long-term (2-3 month) marker of glycemic control. A recent expert committee 
statement recommended that the hemoglobin Aj, test be used to diagnose diabetes, but major 
professional organizations have not yet endorsed this recommendation. 


Although a recent literature review for the U.S. Preventive Services Task Force (USPSTF) found 
no direct evidence of health benefits with mass screening for diabetes, the USPSTF does 
recommend screening for type 2 diabetes in asymptomatic adults with a sustained blood pressure 
greater than 135/80 mm Hg (either treated or untreated). The more comprehensive American 
Diabetes Association (ADA) guidelines for diabetes screening are listed in Table 3. 


Table 1. Classification of Diabetes Mellitus 


Type 1 Diabetes Mellitus 
Beta cell destruction, usually leading to absolute insulin deficiency 
Autoimmune 
Idiopathic (“seronegative”) 

Type 2 Diabetes Mellitus 


Ranging from predominant insulin resistance with relative insulin deficiency to a predominant 
secretory defect with insulin resistance 


Gestational Diabetes Mellitus 
Similar pathogenesis to that of type 2 diabetes 
Other Specific Types 
Genetic defects in beta cell function (including MODY syndromes) 


Genetic defects in insulin action 


Diseases of the exocrine pancreas (pancreatitis, pancreatic cancer, cystic fibrosis, 
hemochromatosis) 


Endocrinopathies (Cushing syndrome, acromegaly, glucagonoma, pheochromocytoma) 
Drug- or chemically induced (corticosteroids, niacin, diazoxide) 

Infections (CMV, congenital rubella) 

Rare forms of immune-mediated diabetes 


Other genetic syndromes associated with diabetes (Down, Turner, Klinefelter, Prader-Willi, 
Laurence-Moon-Biedl syndromes; myotonic dystrophy; Huntington chorea) 


CMV = cytomegalovirus; MODY = maturity-onset diabetes of the young. 


Adapted with permission from American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care. 2008;31 Suppl 1:S58. [PMID:18165338] 


Table 2. Diagnostic Criteria for Diabetes Mellitus and 
Prediabetic States 


Diagnosis Fasting Plasma Random Plasma 2-Hour Plasma 
Glucose Glucose? Glucose” 
Normal glucose <100 mg/dL (5.6 — <140 mg/dL (7.8 
homeostasis mmol/L) mmol/L) 
Impaired glucose 100-125 mg/dL (5.6- — 140-199 mg/dL (7.8- 
metabolism 6.9 mmol/L) (impaired 11.0 mmol/L) (impaired 
(“prediabetes”) fasting glucose) glucose tolerance) 
Diabetes >126 mg/dL (7.0 >200 mg/dL (11.1 >200 mg/dL (11.1 
mmol/L) mmol/L) (with mmol/L) 


symptoms of diabetes) 
“Without regard to previous meal. 
During 75-g oral glucose tolerance test. 


Data from American Diabetes Association. Diagnosis and classification of diabetes mellitus. 
Diabetes Care. 2008;31 Suppl 1:S55-S60. [PMID:18165338] 


Table 3. American Diabetes Association Screening 
Guidelines for Diabetes Mellitus 


Consider screening every 3 years in all persons beginning at age 45 years 
Consider screening more frequently and at an earlier age in overweight persons (BMI >25) with 


any of the following additional risk factors: 
Physical inactivity 
First-degree relative with diabetes 


Membership in a high-risk ethnic group (Hispanic, American Indian, African American, Asian 
American, and Pacific Islander) 


History of gestational diabetes or previous delivery of an infant >4.1 kg (9 Ib) 
Hypertension (=140/90 mm Hg) 

Low HDL-cholesterol level (<35 mg/dL [0.91 mmol/L]) 

High triglyceride level (©250 mg/dL [2.83 mmol/L]) 

Polycystic ovary syndrome 

Acanthosis nigricans 

Impaired fasting glucose or impaired glucose tolerance on prior testing 
History of vascular disease 


Adapted with permission from American Diabetes Association. Standards of medical care— 
2008. Diabetes Care. 2008;31 Suppl 1:S14. [PMID:18165335] 
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Type 1 Diabetes Mellitus 


Type 1 diabetes mellitus mainly affects lean children, teenagers, and young adults. The disorder 
is characterized by absolute insulin deficiency from selective autoimmune destruction of insulin- 
secreting pancreatic beta cells. After diagnosis, residual insulin secretion can persist for several 
months or even years. When there is enough insulin to control blood glucose, a “honeymoon” 
phase occurs during which the patient may transiently be able to markedly reduce or even 
eliminate insulin therapy. In type 1A diabetes, one or more autoantibodies directed against the 
beta cells or their products (such as anti-glutamic acid decarboxylase, anti—islet cell autoantigen 
512, and anti-insulin antibodies) can usually be detected. Strong HLA associations exist, with 
linkage to the DQA and DQB genes. Type 1B diabetes is idiopathic, has no autoimmune markers, 
and occurs more commonly in persons of Asian or African descent. 


At presentation, patients with type | diabetes mellitus often have severe hyperglycemia with 
associated fatigue, polyuria, polydipsia, visual blurring, weight loss, and dehydration. The main 
acute complication of this type of diabetes is diabetic ketoacidosis. Type 1 diabetes is usually 
treated solely with insulin. Some older patients in whom type 2 diabetes was previously 
diagnosed develop gradual autoimmune beta cell destruction and are said to have late-onset 
autoimmune diabetes of adulthood. These patients are usually lean, have evidence of lower 
insulin secretory capacity and positive autoimmune markers, and manifest more labile glycemic 
control. Over time, they develop absolute insulin deficiency. 
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Type 2 Diabetes Mellitus 


Type 2 diabetes mellitus accounts for 90% to 95% of diabetes worldwide and has a more 
insidious onset than type 1. Patients with type 2 diabetes are usually older than 40 years and 
typically overweight or obese. Because of increasing obesity rates in the young, type 2 diabetes 
is becoming more common in teenagers and older children. 


The pathogenesis of type 2 diabetes involves the dual defects of insulin resistance and relative 
insulin deficiency. Patients at risk for type 2 diabetes initially develop insulin resistance alone, 
accompanied by augmented pancreatic insulin secretion. Because of the resulting 
hyperinsulinemia, plasma glucose levels are maintained in the normal range. In most patients, 
however, pancreatic beta cell function ultimately falters, with deterioration of endogenous 
insulin secretory capacity over time. The beta cell defect heralding the transition from normal to 
impaired glucose tolerance and then to frank diabetes is not well understood. 


Because insulin secretion persists in almost all patients with type 2 diabetes mellitus, 
ketoacidosis is rare. Most patients with type 2 diabetes have other coexisting clinical and 
biochemical features, including central adiposity, hypertension, and dyslipidemia. This collection 
of findings is often referred to as the metabolic syndrome (Table 4). Hyperuricemia, polycystic 
ovary syndrome, obstructive sleep apnea, and nonalcoholic steatohepatitis are other 
manifestations of the metabolic syndrome in patients with type 2 diabetes. 


Treatment for type 2 diabetes should include lifestyle changes, but patients usually will 
eventually require treatment with one or more oral antihyperglycemic agents. Additionally, as 
insulin secretory capacity further falters, most patients will ultimately need insulin. The need for 
insulin to control hyperglycemia in a patient with type 2 diabetes does not, however, indicate a 
transformation to type 1. This stage is instead often referred to as insulin-requiring type 2 
diabetes. 


Table 4. Diagnostic Criteria for the Metabolic Syndrome? 


Risk Factor Defining Level 
Abdominal obesity (waist circumference) 
Men >102 cm (>40 in) 
Women >88 cm (>35 in) 
Triglycerides >150 mg/dL (1.70 mmol/L) 
HDL-cholesterol 
Men <40 mg/dL (1.04 mmol/L) 
Women <50 mg/dL (1.30 mmol/L) 


Blood pressure 


Systolic >130 mm Hg 
Diastolic >85 mm Hg 
Fasting glucose >100 mg/dL (5.6 mmol/L) 


“According to National Cholesterol Education Program Guidelines; diagnosis is established 
when at least three of these risk factors are present. 


Adapted with permission from Grundy SM, Cleeman JI, Daniel SR, et al. Diagnosis and 
management of the metabolic syndrome: an American Heart Association/National Heart, Lung, 
and Blood Institute Scientific Statement. Circulation. 2005;112(17):2739. [PMID: 16157765] 
Copyright 2005, The American Heart Association. 
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Other Types of Diabetes Mellitus 


The pathogenesis of gestational diabetes is similar to that of type 2 diabetes, with the acute 
insulin resistance of pregnancy posing too great a stress to the pancreatic beta cells, which are 
not able to increase their insulin production to maintain euglycemia. Gestational diabetes 
currently affects approximately 7% of pregnancies in the United States. The American Diabetes 
Association recommends that high-risk patients (those from high-risk ethnic groups or with 
obesity, glycosuria, a history of gestational diabetes, or a family history of diabetes) should 
undergo screening as soon as pregnancy is recognized and that, if gestational diabetes is not 
found, these patients be retested at 24 to 28 weeks of gestation, when average-risk patients 
should be screened. Notably, the USPSTF recently has concluded that current evidence is 
insufficient to assess the balance of benefits and harms of universal screening for gestational 
diabetes and recommends that until there is better evidence, clinicians should discuss screening 
for gestational diabetes with their patients and make case-by-case decisions. Low-risk patients 
(those <25 years of age, not a member of high-risk ethnic group, and with normal prepregnancy 
weight, no family history of diabetes, and no history of abnormal glucose testing or poor 
obstetric outcomes) do not require testing. Diagnostic criteria for gestational diabetes are shown 
in Table 5. 

Gestational diabetes mellitus is associated with an increased risk of fetal macrosomia, neonatal 
hypoglycemia, jaundice, polycythemia, and hypocalcemia. Maternal hypertension and cesarean 
delivery risks also are increased. Gestational diabetes typically resolves after delivery but 
frequently recurs during future pregnancies. Women with a history of gestational diabetes are at 
very high risk (~50%) of developing type 2 diabetes within a decade. A repeat oral glucose 
tolerance test is recommended 6 weeks after delivery, as is ongoing periodic surveillance. 


Secondary diabetes mellitus is diabetes resulting from a drug, such as a corticosteroid, or another 
disease, such as pancreatic disorders, other endocrinopathies, and several genetic syndromes. 
Other hyperglycemic diseases that are collectively known as maturity-onset diabetes of the 


young (MODY) develop early in life (teens to early 20s); the pattern of inheritance is autosomal 
dominant. Several described subtypes of MODY are associated with specific genetic defects in 
enzymes or transcription factors affecting beta cell function. The identification of MODY will 
not necessarily alter management, but insulin-sensitizing drugs may be less effective therapies. 


Table 5. Diagnosis of Gestational Diabetes Mellitus 


Test Measurement Plasma Glucose Level 
Time 
Step 1: 50-g oral glucose challenge 1 hour If >140 mg/dL (7.8 mmol/L), proceed 
test to step 2 
Step 2: 100-g oral glucose tolerance Baseline (fasting) 95 mg/dL (5.3 mmol/L) 
test*” 1 hour 180 mg/dL (10.0 mmol/L) 
2 hours 155 mg/dL (8.6 mmol/L) 
3 hours 140 mg/dL (7.8 mmol/L) 


“Diagnosis is made if two or more of the values listed are reached or exceeded. 


Should be performed in the morning after an overnight fast (8-14 h) and 3 days of unrestricted 
diet (©=150 g carbohydrates/d). 
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Treatment of Diabetes Mellitus 


The Diabetes Control and Complications Trial (DCCT) showed that improved control of blood 
glucose levels mitigates the incidence of microvascular complications, such as retinopathy and 
nephropathy, in patients with type 1 diabetes mellitus. The United Kingdom Prospective 
Diabetes Study (UKPDS) made similar observations in patients with type 2 diabetes. Given these 
results, the ADA currently advises stringent glycemic control in most patients with diabetes, 
allowing for individualized treatment goals under certain circumstances (Table 6). There is 
conflicting evidence about whether improving glucose levels similarly benefits macrovascular 
(cardiovascular) complications, although a UKPDS substudy showed that initial therapy with 
metformin in overweight patients reduced myocardial infarction rates. 


Achieving glycemic control is a challenge in managing diabetes, as is achieving control of other 
cardiovascular risk factors. The most reliable assessment of overall glycemic status is a periodic 
measurement of the hemoglobin Aıc value. This test allows practitioners to determine the 
average degree of glycemia over the previous 2 to 3 months. Ideally, the hemoglobin Aic value 
should be below 7.0% (normal range, 4.0%-6.0%). Home capillary glucose monitoring can be 
helpful as an adjunct to hemoglobin Ai: measurement, especially in patients on insulin. The 
exact frequency of this testing should be individualized. 


Plasma glucose levels should be between 70 and 130 mg/dL (3.9 and 7.2 mmol/L) before meals 
and below 180 mg/dL (10.0 mmol/L) 2 hours after meals. Caution is advised, however, in 
patients with preexisting severe cardiovascular or cerebrovascular disease because hypoglycemia 
can predispose to cardiac arrhythmia or cerebral dysfunction. In addition, any patient with either 
type 1 or type 2 diabetes who has hypoglycemia unawareness (see later discussion of 
hypoglycemia) should have less stringent treatment goals, as should patients with significant 
comorbidities or with limited life expectancy. In contrast, patients with diabetes during 
pregnancy should be kept to even stricter targets, including a normal hemoglobin A,, value. 


Table 6. Metabolic Targets for Nonpregnant Patients with 
Diabetes Mellitus 


Variable Measured Target Value 
Hemoglobin A." <7.0% 
Preprandial plasma glucose 70-130 mg/dL (3.9-7.2 mmol/L) 
Postprandial plasma glucose” <180 mg/dL (10.0 mmol/L) 


Blood pressure <130/80 mm Hg 
LDL-cholesterol <100 mg/dL (2.59 mmol/L)* 
HDL-cholesterol 

Men >40 mg/dL (1.04 mmol/L) 
Women >50 mg/dL (1.30 mmol/L) 
Triglycerides <150 mg/dL (1.70 mmol/L) 


“Normal range, 4.0% to 6.0%. 
?1 to 2 hours after a meal. 


“In patients with overt cardiovascular disease, a lower goal of <70 mg/dL (1.81 mmol/L) may be 
preferred. 


Data from American Diabetes Association. Standards of medical care in diabetes—2008. 
Diabetes Care. 2008;31 Suppl 1:S12-S54. [PMID:18165335] 
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Education and Self-Management in Diabetes Mellitus 


Patient education and self-management are critical in the management of diabetes mellitus. 
Training is optimally provided outside of routine physician office visits by health care 
professionals who devise individual programs for patients’ specific needs. Such education should 
provide information about the disease process itself, its complications, its relationship to 


metabolic control, and the key role of diet and exercise in its management. Glucose-monitoring 
techniques, the proper administration of oral agents and insulin, the treatment of hypoglycemia, 
and the situations in which medical care should be sought must also be carefully reviewed. 
Diabetes self-management training is optimally provided by an interdisciplinary team composed, 
at minimum, of a diabetes educator and a nutritionist, who work in conjunction with the patient’s 
primary care physician. 


The widespread use of periodic capillary glucose monitoring has facilitated better glycemic 
control. For patients on intensive insulin regimens, information from premeal glucose testing 
assists in insulin dosing. 


Continuous subcutaneous glucose monitoring devices are now available, but their role in 
diabetes management is unclear. Such devices are mainly used by patients on insulin pumps, 
who can adjust their insulin doses on the basis of the frequent feedback from the monitor. Issues 
involving precision, reproducibility, convenience, and cost remain, however. Some companies 
are developing monitoring units that communicate with insulin infusion pumps to create a virtual 
artificial pancreas. 
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Noninsulin Agents for Diabetes Mellitus 


Type 2 diabetes mellitus is conventionally treated first with diet, weight loss, and exercise. Such 
lifestyle modifications reduce insulin resistance and blood glucose levels and also improve 
cardiovascular risk factors. However, these steps are usually insufficient to attain glucose targets. 
The pharmacologic approach to type 2 diabetes has changed markedly over the past decade, with 
nine drug classes now available, each with unique mechanisms of action to address the various 
pathophysiologic defects of this disease (Table 7). It should be noted, however, that a recent 
meta-analysis suggested that older, less expensive agents were just as effective as newer ones. 


Most physicians use metformin as first-line therapy in patients whose diabetes is not controlled 
by diet and exercise alone. This approach was endorsed in an ADA-—European Association for 
the Study of Diabetes (EASD) consensus statement advising initiation of metformin 
monotherapy, in conjunction with diet and exercise, once the diagnosis of diabetes is made. 
Because type 2 diabetes mellitus is a progressive disease, drugs with different mechanisms of 
action are typically added to metformin when therapy beyond lifestyle changes is required. The 
exact sequence of agents remains somewhat controversial. An individualized approach that 
incorporates efficacy, side effect profiles, and cost is encouraged. Single agents consisting of two 
drugs in fixed combinations (metformin plus a sulfonylurea and/or a thiazolidinedione) are now 
also available and may improve compliance. As described in the ADA-EASD consensus 
statement, early initiation of insulin therapy may be appropriate in many patients, especially if 
glycemic targets are not being achieved after a trial of two to three oral agents at a time (Figure 
D. 


Tier 1: Well-validated core therapies 


Lifestyle + metformin Lifestyle + metformin 
+ basal insulin + intensive insulin 
Lifestyle + metformin 


+ sulfonylurea? 


At diagnosis: 
lifestyle 
+ 


metformin 


STEP 2 
Tier 2: Less well-validated therapies 


Lifestyle + metformin 


+ pioglitazone Lifestyle + metformin 


= No hypoglycemia + pioglitazone 


* Edema/HF + sulfonylurea? 
* Bone loss 


Lifestyle + metformin 
+ GLP-1 agonist? 


Lifestyle + metformin 


= No hypoglycemia + basal insulin 
= Weight loss 
* Nausea/vomiting 


igure 1. Metabolic management of type 2 diabetes mellitus. 


Algorithm for the metabolic management of type 2 diabetes from the American Diabetes 
Association and the European Association for the Study of Diabetes. 


GLP-1 = glucagon-like peptide 1; HF = heart failure. 

“Sulfonylureas other than glyburide or chlorpropamide. 

"Insufficient clinical use to be confident regarding safety. 

Adapted with permission from Nathan DM, Buse JB, Davidson MB, et al. Medical management 
of hyperglycemia in type 2 diabetes: a consensus algorithm for the initiation and adjustment of 


therapy: a consensus statement from the American Diabetes Association and the European 
Association for the Study of Diabetes. Diabetes Care. 2009;32(1):200. [PMID:18945920] 


Table 7. Noninsulin Antihyperglycemic Agents for Type 2 
Diabetes Mellitus 


Class 
Sulfonylureas 
Glyburide 
Glipizide 
Glimepiride 


Glinides 
(meglitinides) 
Repaglinide 
Nateglinide 


Biguanides 
Metformin 


a-Glucosidase 
inhibitors 
Acarbose 
Miglitol 


Thiazolidinediones 


Rosiglitazone 
Pioglitazone 


Mechanism of Action 
Bind to sulfonylurea 
receptor on beta cells, 
stimulating insulin 
release; long duration 
of action 


Bind to sulfonylurea 
receptor on beta cells, 
stimulating insulin 
release; short duration 
of action 


Decrease hepatic 
glucose production 


Retard gut 
carbohydrate 
absorption 


Activate the nuclear 
receptor PPARy, 
increasing peripheral 


Benefits 


Extensive clinical 
experience; improved 
microvascular 
outcomes in UKPDS; 
low cost; once-daily 
dosing possible 


Target postprandial 
glucose; mimics 
physiologic insulin 
secretion 


Extensive clinical 
experience; no 
hypoglycemia; weight 
loss or weight neutral; 
lipid and other 
nonglycemic vascular 
benefits; improved 
macrovascular 
outcomes; low cost; 
once-daily dosing 
available (sustained- 
release product) 
Target postprandial 
glucose; weight- 
neutral; nonsystemic 


Address primary 
defect of T2DM; no 
hypoglycemia; lipid 


insulin sensitivity. May and other 


also reduce hepatic 
glucose production 


nonglycemic vascular 
benefits; probable 
decreased 
macrovascular 
outcomes with 
pioglitazone; greater 
durability of 
effectiveness; once- 
daily dosing 


Risks/Concerns 
Hypoglycemia; weight gain; 
potential impairment of 
cardiac ischemic 
preconditioning 


Hypoglycemia; weight gain; 
no long-term studies; 
expensive; frequent dosing 
(compliance an issue) 


Diarrhea, abdominal 
discomfort; many 
contraindications to consider, 
including serum creatinine 
>1.4 mg/dL (123.76 umol/L) 
and lactic acidosis risk (rare); 
lowers vitamin B42 levels 
(without apparent effects on 
hematologic indices or 
neurologic function) 


Flatulence, abdominal 
discomfort; frequent dosing 
(compliance); expensive 


Edema and heart failure risk; 
weight gain; possible 
increased fracture risk in 
women; possible increased 
myocardial infarction risk 
with rosiglitazone; slow 
onset of action; expensive 


Amylinomimetics Activate amylin Weight loss Nausea, vomiting; 


Pramlintide receptors, decreasing hypoglycemia risk when used 
glucagon secretion, with insulin; no long-term 
delaying gastric studies; injectable; 
emptying, and expensive; frequent dosing 
enhancing satiety (compliance) 

Incretin Activate GLP-1 No hypoglycemia; Nausea, vomiting; possible 

modulators receptors, increasing weight loss pancreatitis (rare); no long- 

GLP-1 mimetics glucose-dependent term studies; injectable; 

Exenatide insulin secretion, expensive 


decreasing glucagon 
secretion, delaying 
gastric emptying, and 
enhancing satiety 
DPP-IV inhibitors Inhibit degradation of No hypoglycemia; Possible 


Sitagliptin endogenous GLP-1 and weight neutral; once- _ urticaria/angioedema (rare); 
GIP, thereby enhancing daily dosing no long-term studies; 
the effect of these expensive 


incretins on insulin and 
glucagon secretion 


Bile acid Bind cholesterol within No hypoglycemia; Constipation; may increase 
sequestrants bile acid; unknown weight neutral; lowers triglycerides; no long-term 
Colesevelam mechanisms of LDL-cholesterol studies; expensive 
antihyperglycemic 
effect 


DPP-IV = dipeptidyl peptidase-[V; GIP = gastric inhibitory peptide; GLP-1 = glucagon-like 
peptide-1; PPARy = peroxisome proliferator—activated receptor-y; T2DM = type 2 diabetes 
mellitus; UKPDS = United Kingdom Prospective Diabetes Study. 
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Insulin Therapy for Diabetes Mellitus 


As beta cell function declines in type 2 diabetes mellitus, the attainment of adequate glycemic 
control with multiple oral agents becomes elusive, and insulin is ultimately required in most 
patients. Several strategies exist to transition patients from oral agents to insulin, and several 
insulin types are available (Table 8). The most popular method is to begin with a single, 
typically nighttime injection of a basal insulin, such as insulin glargine or insulin detemir, 
because this simple approach minimizes the risk of hypoglycemia. Starting doses in the 0.2 to 0.3 
U/kg range are well tolerated in most patients, with future titration based on the results of home 
glucose monitoring. Dose changes are typically made in increments of 10% to 15% every few 
days or weekly. A more cost-effective approach involves the use of neutral protamine Hagedorn 


(NPH) insulin once at night or twice daily, although this may result in hypoglycemia because of 
an unpredictable peak between 4 and 8 hours of injection. Because of this peak, NPH insulin 
given at bedtime may be preferred for patients who manifest the “dawn phenomenon,” defined as 
an increase in blood glucose levels during the early morning hours (4 AM-8 AM) that is thought to 
be related to increased levels of cortisol and growth hormone at this time. Basal insulin, although 
effective in many patients, does not address postprandial glucose excursions. Another method 
involves the use premixed products that contain both intermediate and short- or rapid-acting 
insulins in fixed ratios, administered twice daily. More intensive regimens are described below. 


Oral agents are usually continued when basal insulin is initiated, although secretagogues can be 
stopped once prandial insulin is added to the treatment regimen. There may be some advantage 
to continuing insulin sensitizers to improve control and minimize the insulin dose required. With 
thiazolidinediones, however, the side effects of weight gain and edema are accentuated when 
used in combination with insulin, so a dose reduction should be considered. Although better 
control of hemoglobin Aic was recently shown with a rapid-acting insulin analogue at mealtime 
and a premixed insulin analogue twice daily than with a once-daily basal insulin (detemir), this 
improved control was at the expense of more weight gain and hypoglycemia. 


In patients with type 1 diabetes mellitus, an intensive insulin regimen involving at least three to 
four daily injections or a continuous subcutaneous insulin infusion with a programmable insulin 
pump is preferable and is often managed by an endocrinologist. Regimens involving one to two 
injections per day will likely prevent ketosis only and should not be considered standard therapy. 
Most patient with type 1 diabetes require between 0.6 and 0.8 U/kg/day of insulin. Variables, 
including diet, exercise, stress, and illness, can alter these requirements, sometimes significantly. 


The optimal insulin replacement regimen mimics the two components of insulin secretion: a 
basal component, mainly to suppress hepatic glucose production, and a prandial (or bolus) 
component, to metabolize ingested calories. Insulin pumps deliver rapid-acting insulin analogues 
at a continuous basal rate, with additional premeal doses calculated based on the anticipated 
carbohydrate intake of the patient; this allows for more refined control. The basal-bolus method 
of insulin replacement is an alternative to the insulin pump and has many of the same benefits. 
This method uses long-acting basal insulin products, such as insulin glargine or detemir, and 
premeal adjusted doses of a rapid-acting analogue, such as insulin aspart, insulin lispro, or 
insulin glulisine. Because basal insulins cannot be mixed with other types of insulin, four daily 
injections are required. 


Optimally, the total daily insulin requirements are equally divided into basal and bolus 
components, with approximately one third of the bolus component taken prior to each meal. 
More precisely, the premeal bolus is based on the anticipated carbohydrate intake for each meal 
(carbohydrate counting), which typically uses an insulin unit to carbohydrate gram ratio of 1:15. 
Adjustments can also be made for premeal hyperglycemia by using correction doses, typically 1 
to 2 units of rapid-acting insulin for every 40 to 50 mg/dL (2.2 to 2.8 mmol/L) of glucose above 
the premeal target. The older NPH insulin can serve as the basal insulin but requires dosing twice 
daily. Premixed insulins incorporate both intermediate and short- or rapid-acting components and 
are given two to three times per day. 


Table 8. Pharmacokinetic Properties of Insulin Products? 


Human Insulins and Insulin Analogues Onset Peak Duration 
Rapid-acting (lispro, aspart, glulisine) 10-15 min 1-2h 3-5h 


Short-acting (regular) 0.5-lh 2-4h 4-8h 
Intermediate-acting (NPH) 1-3h 4-10 h 10-18 h 
Long-acting 

Glargine 2-3 h none 24+h 
Detemir lh none 12-24h 
Premixed insulins 

70% NPH/30% regular 0.5-1h 2-10h10-18h 
50% NPH/50% regular 0.5-lh 2-10h10-18h 
75% NPL/25% lispro 10-15 min 1-3h 10-16h 
50% NPL/50% lispro 10-15 min 1-3h 10-16h 
70% NPA/30% aspart 10-20 min 1-4h 10-16h 


NPA = neutral protamine aspart; NPH = neutral protamine Hagedorn; NPL = neutral protamine 
lispro. 


“The time course of each insulin may vary among persons or at different times in the same 
person. Because of this variation, the time periods here should be considered general guidelines 
only. 


PreviousNext 


Prevention of Type 2 Diabetes Mellitus 


Interest in preventing type 2 diabetes in patients with prediabetes is high, with most efforts 
focused on improving insulin sensitivity through either lifestyle modifications or drug therapy. 
The Finnish Diabetes Prevention Study and the U.S. Diabetes Prevention Program (USDPP) both 
demonstrated a 58% relative risk reduction in the progression to diabetes with these methods in 
(generally) obese, middle-aged individuals with impaired glucose tolerance. However, the active 
therapy required significant clinical support (nutritionists, exercise physiologists, behavior 
modification experts), which is not readily available in clinical practice. 


The USDPP reported a 31% risk reduction in the development of diabetes in those treated with 
metformin. Acarbose reduced the risk of diabetes by 25% in the Study to Prevent Non—Insulin- 
Dependent Diabetes Mellitus (STOP-NIDDM) trial but had a high drop-out rate due to 
gastrointestinal side effects. Other studies have shown a 62% reduction in progression to diabetes 
with rosiglitazone in patients with impaired glucose tolerance or impaired fasting glucose and an 


82% reduction in the progression to diabetes with pioglitazone. The precise role of each of these 
interventions is evolving, and no drug is currently approved for diabetes prevention. In their 
consensus statement, the ADA-EASD advise that lifestyle modifications continue to be the 
standard approach, with the goal being to increase regular physical activity by approximately 30 
minutes on most days of the week and to reduce calories (to reduce weight) by 7%; they also 
recommend that metformin therapy be considered in very high-risk patients. Other 
cardiovascular risk factors should be aggressively addressed in any of these patients predisposed 
to macrovascular disease. 
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Diabetes Mellitus During Pregnancy 


Once identified, gestational diabetes mellitus is typically managed with diet, but some women 
require pharmacologic support. Studies have demonstrated the safety and efficacy of both 
metformin and sulfonylureas in pregnancy, but insulin remains the mainstay of therapy. Tight 
glycemic control minimizes maternal, fetal, and neonatal complications, including defective 
embryogenesis during the first trimester and macrosomia. 


To avoid birth defects, women with type 1 diabetes should attain excellent glycemic control prior 
to conception. Glycemic control needs to be maintained compulsively throughout gestation, with 
current glucose targets of 60 to 90 mg/dL (3.3 to 5.0 mmol/L) premeal and less than 120 mg/dL 
(6.7 mmol/L) 1 hour postmeal. 
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Inpatient Management of Hyperglycemia and Diabetes 
Mellitus 


Many retrospective investigations have linked hyperglycemia in the hospital with adverse 
clinical outcomes; this association appears to be greater in patients without a history of diabetes. 
Intensive intravenous infusion of insulin to normalize blood glucose levels was shown to reduce 
mortality in one study, but this benefit has not been confirmed by others. Current 
recommendations from a consensus statement from the ADA and the American Association of 
Clinical Endocrinologists are to use insulin infusions to reduce blood glucose levels in critically 
ill patients to the more modest range of 140 to 180 mg/dL (7.8 to 10.0 mmol/L). In noncritically 
ill patients, a premeal target of less than 140 mg/dL (7.8 mmol/L) and a target of less than 180 
mg/dL (10.0 mmol/L) for random glucose were endorsed by the statement. The guidelines also 
emphasize the need to reconsider the widespread use of regular insulin sliding scales as the sole 
antihyperglycemic therapy in hospitalized patients with diabetes. Instead, more proactive, 
physiologic insulin regimens, such as a basal-bolus approach, are advisable (Figure 2). Also, 
patients identified as being hyperglycemic during the stress of illness should have their glycemic 
status reassessed after recovery because many of them will ultimately be shown to have diabetes. 


Hospitalized patient with 


hyperglycemia who is 
not critically ill 


Check hemoglobin Aj¢ 


Patient with T1DM, insulin-requiring 
T2DM, or newly diagnosed hyperglycemia 
that is clinically significant and sustained 


* Basal insulin (use home dose 


[consider modest dose reduction, 
especially in T2DM] or start with 


0.2-0.3 U/kg/d): 
> NPH Q12h, detemir Q12-24h, 
or glargine Q24h 
Plus 


* Correction insulin for blood 
glucose 2150 mg/dL? (graded 


scale of 1-4 U for each 50 mg/dL” 


increment, based on estimated 
insulin sensitivity): 


> Regular insulin Q6h 


Continue outpatient regimen if 
glucose well controlled (consider 
modest dose reduction if caloric 


intake as inpatient expected to be 


more restrictive) 


If glucose poorly controlled, 


* Begin basal insulin (advance 
from home dose or start with 
0.2-0.3 U/kg/d): 


> NPH BID, detemir Q12-24h, 
or glargine Q24h 
Plus 


* Prandial insulin (advance from 
home dose or start with 0.05 
-0.1 U/kg/meal): 
> Lispro, aspart, glulisine, or 

regular insulin 


* Correction insulin for blood 
glucose 2150 mg/dL’ (graded 


scale of 1-4 U for each 50 mg/dL” 


increment, based on estimated 
insulin sensitivity): 


> Same type of insulin as (and 
added to) prandial insulin 
above 


Patient with T2DM receiving 
dietary therapy or oral agents 


* Discontinue oral agents 


* Begin correction insulin for 
blood glucose 2150 mg/dL” 
(graded scale of 1-4 U for each 
50 mg/dL? increment, based on 
estimated insulin sensitivity): 


> Regular insulin Q6h 


Continue oral agents if clinically 
stable, no contraindications, and 
glucose well controlled 


If glucose poorly controlled, 

= Discontinue oral agents 
(sensitizers may be continued), 
and 


* Begin basal insulin (start with 
0.2-0.3 U/kg/d): 
> NPH BID, detemir Q12-24h, 
or glargine Q24h 


* Prandial insulin (advance from 
0.05-0.1 U/kg/mea)): 
> Lispro, aspart, glulisine, 
or regular insulin 


= Correction insulin for blood 

glucose 2150 mg/dL* (graded 

scale of 1-4 U for each 50 mg/dL” 

increment, based on estimated 

insulin sensitivity): 

> Same type of insulin as (and 
added to) prandial insulin 
above 


If the blood glucose level is not controlled, make the following changes, taking into consideration other factors that may be responsible for hyperglycemia 


= Adjust basal insulin dose by 
~10-20% every 1-2dto 
achieve target 


* Adjust correction insulin scale 
by 1-2 U/dose every 1-2 d if 
response inadequate 


= Consider intravenous insulin 
infusion 


= Adjust basal insulin dose by 
~10-20% every 1-2d to 
achieve target 


* Adjust prandial insulin scale 
by 1-2 U/dose every 1-2 dif 
response inadequate 


* Adjust correction insulin scale 
by 1-2 U/dose every 1-2 dif 
response inadequate 


. Add basal insulin (start with 
0.2-0.3 U/kg/d; adjust by 
~10-20% every 1-2d to 
achieve target) 
> NPH BID, detemir Q12-24h, 

or glargine Q24 h 


* Adjust correction insulin scale 
by 1-2 U/dose every 1-2 d if 
response inadequate 


= Adjust basal insulin dose by 
~10-20% every 1-2 d to 
achieve target 


* Adjust prandial insulin scale 
by 1-2 U/dose every 1-2 d if 
response inadequate 


= Adjust correction insulin scale 
by 1-2 U/dose every 1-2 dif 
response inadequate 


Figure 2. Algorithm for glucose control in noncritically ill 
hospitalized patients (not in the intensive care unit) with 
diabetes mellitus. 

BID = twice daily; NPH = neutral protamine Hagedorn insulin; NPO = receiving nothing by 
mouth; Q6h = every 6 hours; Q12h = every 12 hours; Q12-24h = every 12-24 hours; Q24h = 
every 24 hours; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus. 

“SI value, 8.3 mmol/L. 

ST value, 2.8 mmol/L. 

Adapted from Inzucchi SE. Clinical practice. Management of hyperglycemia in the hospital 


setting. N Engl J Med. 2006;355(18):1907. [PMID:17079764] Copyright 2006, Massachusetts 
Medical Society. 
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Complications of Diabetes Mellitus 


e Acute Complications of Diabetes Mellitus 
e Chronic Complications of Diabetes Mellitus 
e Other Comorbidities in Diabetes Mellitus 
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Acute Complications of Diabetes Mellitus 
Hyperglycemic and hypoglycemic emergencies are the major acute complications of diabetes 


mellitus. Hyperglycemic emergencies include diabetic ketoacidosis and hyperglycemic 
hyperosmolar syndrome. 
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Diabetic Ketoacidosis 


The most life-threatening acute complication of diabetes is diabetic ketoacidosis, which mostly 
affects patients with type 1 disease and is sometimes its presenting manifestation. This 
complication can occur in those with superimposed acute infections, such as influenza, 


pneumonia, or gastroenteritis; those on insulin pumps, when there is a technical interruption of 
insulin infusion; and those who are nonadherent to their medication regimen. In almost all 
instances, diabetic ketoacidosis is entirely preventable if patients practice regular glucose 
monitoring and understand the need for increased insulin doses during stress. Although less 
common in patients with type 2 diabetes mellitus, diabetic ketoacidosis can occur in that setting 
during severe medical stress. 


The syndrome of diabetic ketoacidosis indicates profound insulin deficiency combined with 
excess circulating levels of counterregulatory hormones, particularly glucagon. Hyper-glycemia, 
ketosis, and dehydration are directly or indirectly related to insulin deficiency. A lack of insulin 
prevents glucose uptake by muscle and allows unrestrained hepatic glucose production. Lack of 
suppression of lipolysis also leads to excess circulating free fatty acids, which are converted into 
the ketoacids B-hydroxybutyrate and acetoacetate by the liver, and ultimately results in acidemia, 
which may impair vascular tone and cardiac function. Marked hyperglycemia and ketonemia 
result in an osmotic diuresis with loss of water and electrolytes. 


At presentation, patients with diabetic ketoacidosis usually report a several-day history of 
polyuria, polydipsia, and blurred vision, culminating in nausea, vomiting, abdominal pain, 
dyspnea, and altered mental status. Physical examination typically reveals deep, labored 
breathing (Kussmaul respirations), a fruity odor to the breath (from acetone), poor skin turgor, 
tachycardia, and hypotension. Bowel sounds are commonly absent, and the abdomen may be 
diffusely tender. Laboratory findings will include marked hyperglycemia (plasma glucose 400 to 
900 mg/dL [22.2 to 50.0 mmol/L]), an anion gap metabolic acidosis, increased urine and plasma 
ketones, and elevated blood urea nitrogen and serum creatinine levels. Arterial blood gas 
findings usually show acidemia with respiratory compensation. The serum sodium level will 
often be low, a response to the osmotic shifts that result from hyperglycemia. The serum 
potassium level is often high because of the acidosis, although total body potassium stores are 
usually low. 


Diabetic ketoacidosis should generally be managed in the intensive care unit. In patients with 
uncomplicated findings, diabetic ketoacidosis should resolve within 12 hours of hospital 
presentation, with transition to subcutaneous administration of insulin and transfer to a general 
medical ward accomplished by 24 hours. The major management goals are to correct the 
acidosis, volume deficits, and hyperglycemia; to ensure the stability of electrolytes; and to 
correct any precipitating cause. Rapid normalization of the plasma glucose levels is not 
necessary and actually may be harmful because of the effects of rapid osmotic shifts, especially 
as they relate to cerebral edema. Instead, glucose levels should be lowered gradually. 


The mainstays of therapy include intravenous insulin to reduce glucose and suppress lipolysis 
and ketogenesis and intravenous fluids to replenish volume, improve hemodynamics, and reduce 
counterregulatory factors. Given the severe volume deficits typically associated with diabetic 
ketoacidosis, intravenous normal saline should be administered initially as quickly as possible 
until clinical signs of intravascular volume contraction improve. Once plasma volume deficits 
are largely corrected, as assessed by clinical and laboratory findings, a more hypotonic solution, 
such as 0.45% sodium chloride, is advisable so that free water losses, predominantly from the 
intracellular space, can be replenished. 


If possible, insulin should be administered intravenously to ensure adequate systemic delivery 
and to enable the dose to be altered from hour to hour. An initial bolus of 0.15 U/kg is 
recommended, followed immediately by infusion at a rate of 0.1 U/kg/h. The goal should be to 
reduce the plasma glucose level by 50 to 100 mg/dL/h (2.8 to 5.6 mmol/L/h). Once the glucose is 
in the 200 mg/dL (11.1 mmol/L) range, continued insulin is required until ketones are cleared 
and the anion gap has closed. Because this may take several more hours, glucose levels may fall 
into the hypoglycemic range; intravenous fluids should be changed at this point to dextrose- 
containing solutions. The insulin infusion rate can be decreased to that required to suppress 
lipolysis (in most adults, 1 to 2 U/h). An adequate amount of dextrose (5-10 g/h) will maintain 
circulating glucose levels between 150 and 200 mg/dL (8.3 and 11.1 mmol/L). Once the anion 
gap has closed and the patient is ready to eat, the transition to subcutaneous injections of insulin 
should occur. A mixture of long- and short-acting insulin, overlapped with an insulin drip, is 
provided at this time for at least 1 hour to ensure adequate insulin levels. 


Because cardiac dysfunction can occur if the arterial pH falls below 7.0, intravenous bicarbonate 
can be considered, although randomized trials have generally not shown any benefit on 
outcomes. Theoretically, too much bicarbonate can lead to cerebral alkalosis, which can impair 
the respiratory compensation for systemic acidosis. Additionally, as ketone body production is 
halted, a correction alkalosis may occur. Of greater concern, large infusions of bicarbonate may 
potentially lead to severe hypokalemia. 


Although potassium deficits may be greater than 100 meq/L (100 mmol/L), the serum potassium 
level on admission is typically elevated because of the systemic acidosis, with resultant 
movement of the cation from the intracellular to the extracellular space. Frequent monitoring of 
the potassium level is therefore mandatory, and aggressive repletion is critical. As the glucose 
level falls and the pH normalizes, the potassium level will decrease rapidly and must be 
corrected to avoid cardiac arrhythmias. All intravenous fluids should contain at least 20 meq/L 
(20 mmol/L) of potassium, unless the serum potassium level is already in excess of 5.0 meq/L 
(5.0 mmol/L). Additional potassium should be administered either orally or intravenously once 
the level falls below 4.0 meq/L (4.0 mmol/L). Phosphate levels may also be labile during the 
management of diabetic ketoacidosis. Initially elevated, particularly in those with renal 
insufficiency, these levels also drop substantially once metabolic correction has been established. 
Although maintaining a normal phosphate level is recommended, complications related to 
hypophosphatemia are rare, and no clear benefit of routine phosphate repletion has been shown. 
Concurrent replacement of both potassium and phosphate with intravenous potassium phosphate 
is a convenient way to maintain the serum phosphorus level above 1.0 mg/dL (0.323 mmol/L). 


Cerebral edema is a rare but life-threatening complication of diabetic ketoacidosis, primarily in 


children and adolescents. Its manifestations include headache, an altered level of consciousness, 
and subsequent neurologic deterioration several hours after the initiation of therapy. 
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Hyperglycemic Hyperosmolar Syndrome 


A complication of type 2 diabetes mellitus, hyperglycemic hyperosmolar syndrome is defined as 
a plasma osmolality greater than 320 mosm/kg, a plasma glucose level greater than 600 mg/dL 
(33.3 mmol/L), either no or low serum levels of ketones, and a relatively normal arterial pH and 
bicarbonate level. The diagnosis is considered in any elderly patient with altered mental status 
and dehydration, particularly if a diagnosis of diabetes is already established. Rarely, the 
syndrome is the presenting feature in a patient with a recent diagnosis of diabetes. Some patients 
have an “overlap” hyperglycemic syndrome with features of both hyperglycemic hyperosmolar 
syndrome and diabetic ketoacidosis, such as severe hyperosmolarity and mild acidosis. 


The profound volume depletion associated with hyperglycemic hyperosmolar syndrome and the 
older age of patients predispose to more serious complications. Patients with this disorder usually 
have a precipitating factor, such as severe infection, myocardial infarction, or new renal 
insufficiency, which can complicate therapy. The syndrome is sometimes encountered in 
debilitated patients who, after an initial illness, develop worsening hyperosmolality and volume 
contraction because of insensible fluid losses and possibly abnormal thirst mechanisms. In 
response, counterregulatory factors lead to hyperglycemia, which, in turn, results in more fluid 
losses. Eventually, glucose clearance by the kidney declines, which results in extreme 
hyperglycemia and hyperosmolality; coma may ensue. 


Management of hyperglycemic hyperosmolar syndrome mainly involves identifying the 
underlying precipitating illness and restoring a markedly contracted plasma volume. Both the 
type of intravenous solution and the rate depend on the degree of hyperosmolality and the extent 
of intravascular volume depletion, as determined by clinical examination and laboratory 
measurements. Normal saline, which is already comparatively hypotonic in such patients, is 
usually chosen first to replenish the extracellular space. If the patient has hypotension, fluids 
should be administered as rapidly as tolerated to restore plasma volume. Once blood pressure is 
restored and urine output established, rates should be slowed and hypotonic solutions should be 
administered. The total body water deficit can be calculated by using standard formulas, with the 
goal of replacing one half the deficit during the first 24 hours and the remainder over the course 
of the next 2 to 3 days. Ongoing, insensible fluid losses must be incorporated into these 
calculations. Because patients are usually older and prone to cardiovascular impairments, close 
monitoring of their pulmonary status and oxygenation is necessary. 


Insulin reduces glucose levels but should be administered only after expansion of the 
intravascular space has begun. If given earlier, movement of glucose into cells theoretically can 
reduce circulating volume further, which threatens cerebral and coronary perfusion. Intravenous 
administration of insulin is preferred, with an initial bolus of 0.1 U/kg and a rate of 0.1 U/kg/h. 
Electrolytes should be monitored, especially potassium because the potassium level may fall as 
urine output is restored and renal function improves. The serum potassium level should be 
maintained at 4 meq/L (4 mmol/L) or higher. Mild metabolic acidosis does not require 
bicarbonate therapy because normalization of circulating volume will quickly correct this defect. 
Once the plasma glucose level decreases to less than 200 mg/dL (11.1 mmol/L) and the patient is 
eating, subcutaneous insulin injections should begin. 
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Hypoglycemia 


Hypoglycemia (plasma glucose level <70 mg/dL [3.9 mmol/L]) in patients with diabetes occurs 
because of excess insulin supply at a particular time. Hypoglycemia usually occurs in patients 
taking insulin but can also occur in those on insulin secretagogues. Hyperadrenergic signs, such 
as diaphoresis, tachycardia, anxiety, and tremor, initially develop. When the plasma glucose 
level falls below 50 mg/dL (2.8 mmol/L), neuroglycopenic signs and symptoms (such as slurred 
speech, cognitive impairment, change in personality, loss of consciousness, focal neurologic 
deficits, and seizures) emerge. In severe and prolonged hypoglycemia, coma and irreversible 
brain injury can occur. Hypoglycemia usually occurs in the setting of missed meals, excess 
exercise, alcohol use (which suppresses hepatic glucose production), or excessive insulin dosing. 
If the patient maintains consciousness, the symptoms can quickly be reversed with the ingestion 
of rapidly absorbed carbohydrates, such as glucose- or sucrose-containing foods. If the patient is 
unconscious or otherwise unable to swallow, intravenous infusion of dextrose or intramuscular 
injection of glucagon should be initiated. Identification of the precipitating factors is vital so that 
future events can be prevented. The antihyperglycemic regimen should also be adjusted, 
depending on the causes of the event. 


Hypoglycemia remains the primary impediment to achieving tight glycemic control in insulin- 
treated patients. An increase in severe hypoglycemic episodes requiring the assistance of another 
was observed in the intensive therapy group in the DCCT. Careful longitudinal assessment of 
these patients has not identified any decrease in cognitive function. Hypoglycemia unawareness 
is often encountered in patients with tightly controlled glucose levels. This complicates 
management significantly because the normal adrenergic symptoms of mild hypoglycemia are 
absent, and the first manifestation may be loss of consciousness. Hypoglycemia unawareness 
appears to be due to an abnormality within centers of the hypothalamus involved in glucose 
sensing; awareness may be improved by several weeks of compulsively avoiding hypoglycemia. 
Given the sometimes life-threatening nature of severe hypoglycemia, maintaining glucose levels 
in a higher, safer range must be stressed for patients prone to frequent episodes of hypoglycemia. 
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Chronic Complications of Diabetes Mellitus 


Besides ischemic insults, microvascular disease in diabetes mellitus involves the kidneys 
(diabetic nephropathy), the retinae (diabetic retinopathy), and the peripheral nerves (diabetic 
neuropathy), although the pathogenesis of diabetic neuropathy is probably related to intracellular 
metabolic abnormalities. The origin of microvascular disease remains poorly understood. Such 
disease does not occur to a significant degree in conditions other than diabetes and largely 
correlates with the degree of hyperglycemia. Causes include the interrelated processes of 
oxidative stress, protein kinase C activation, polyol flux, and the development of advanced 
glycosylation end products and endothelial dysfunction. The result is tissue ischemia and, 
eventually, cell death. Microvascular complications occur infrequently in patients with 


prediabetes and rarely in those with insulin resistance or the metabolic syndrome. Accordingly, 
their onset usually correlates with the onset of hyperglycemia. 


Macrovascular complications of diabetes mellitus involve the coronary, carotid, cerebral, and 
peripheral arteries (myocardial infarction); the aorta (stroke); and the arterial supply to the lower 
extremities (gangrene). This atherosclerosis is similar to that seen in patients without diabetes 
who share other cardiac risk factors. Generally, however, macrovascular disease in those with 
diabetes appears at an earlier age and to a greater degree and extent than in those without 
diabetes. In addition, macrovasculopathy also exists, with more distal small vessel involvement, 
which compounds the resultant tissue ischemia. 


All patients with diabetes may develop microvascular and macrovascular complications. Patients 
with type 2 diabetes more commonly have macrovascular complications because of their 
generally older age and the frequent coexistence of cardiovascular risk factors. The development 
of microvascular complications is determined in part by the duration of disease, the quality of 
blood glucose control, and the coexistence of hypertension. 
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Diabetic Retinopathy 


The highly vascular retina is often affected in patients with long-standing diabetes mellitus, with 
most cases of legal blindness in adults in the United States being attributable to the disease. Hard 
exudates, microaneurysms, and minor hemorrhages on funduscopic examination—collectively 
known as background diabetic retinopathy—are among the early changes. Although these 
changes are not typically associated with any decline in visual acuity, they are a marker for the 
future development of more significant abnormalities that can lead to visual loss. Preproliferative 
retinopathy is manifested by the presence of “cotton-wool spots,” which are indicative of retinal 
infarcts. This ischemia provides a stimulus for the growth of new blood vessels 
(neovascularization) that are abnormal in both appearance and structure and are prone to 
hemorrhage (Figure 3). Blood vessel fragility in proliferative retinopathy predisposes affected 
patients to significant retinal and vitreous hemorrhage. Edema of the retina can also occur; when 
this edema affects the macula, loss of central vision results. 


Studies have shown a beneficial effect on sight preservation with laser photocoagulation if either 
macular edema or proliferative retinopathy is present. In addition, control of blood glucose levels 
decreases the occurrence and progression of eye disease. Protein kinase C inhibitors (such as 
ruboxistaurin ) have shown a modest benefit in stabilizing vision in subsets of patients with 
proliferative retinopathy. Blood pressure reduction appears to exert as great a beneficial effect on 
retinopathy as glycemic control does. The control of plasma lipids may also affect the 
progression of eye disease. 


Figure 3. Proliferative retinopathy. 
Neovascularization and microaneurysms of the eye are evident. 


Reprinted with permission from MKSAP Prep for Boards: Image Module. Philadelphia: 
American College of Physicians—American Society of Internal Medicine; 2000:44. Copyright 
2000, American College of Physicians. 
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Diabetic Nephropathy 


One of the most common causes of chronic kidney disease worldwide, diabetic nephropathy 
begins with a period of glomerular hyperfiltration and intraglomerular hypertension. Glomerular 
injury subsequently develops, with the eventual loss of filtration capacity and consequent renal 
insufficiency. This process is accelerated by coexisting systemic hypertension. Abnormal 
albumin excretion is an early sign of glomerular disease and may progress slowly from 
microalbuminuria (30-300 mg/24 h) to macroalbuminuria (>300 mg/24 h) to frank nephrotic 
syndrome (>3.5 g/24 h). Aggressive blood pressure control, particularly with angiotensin- 


converting enzyme (ACE) inhibitors or angiotensin-II receptor blockers (ARBs) slows this 
progression. Tight glycemic control is also known to prevent the development and slow the 
progression of chronic kidney disease in both type 1 and type 2 diabetes. 


Early screening for diabetic kidney disease, with annual measurement of the serum creatinine 
level and the albumin-creatinine ratio in spot urine samples, is recommended. The use of either 
an ACE inhibitor or an ARB in patients with albuminuria but normal blood pressure is 
recommended to slow deterioration of renal function. Because these agents reduce the 
glomerular filtration rate, a small increase in the serum creatinine level is expected. However, the 
presence of advanced renal insufficiency and hyperkalemia limits their use. Serum electrolyte, 
blood urea nitrogen, and serum creatinine levels should be checked 1 to 2 weeks after initiation 
of therapy. Once chronic kidney disease develops, attention must be paid to any related anemia 
or hyperparathyroidism, and referral to a nephrologist should be considered. 
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Diabetic Neuropathy 


Diabetic neuropathy involves injury to sensory, motor, and autonomic nerves. Loss of sensation 
in a “stocking-glove” distribution that is associated with paresthesias or painful dysesthesias is 
its most common presentation. Loss of sensation in the lower extremities also plays a major part 
in the development of foot ulcerations, which can lead to limb loss. Acute mononeuropathies are 
less common and can involve the cranial or peripheral nerves and sometimes even entire spinal 
nerve roots (radiculopathy). Radiculopathy may involve pain that mimics the pain associated 
with acute myocardial infarction, acute cholelithiasis, or nephrolithiasis. Autonomic neuropathy 
presents as erectile dysfunction in men and as orthostatic hypotension, gastroparesis, diabetic 
diarrhea, and atonic bladder in both sexes. The presence of cardiac autonomic dysfunction, 
which is established by the loss of the dynamic responses of the cardiac rate to physiologic 
stimuli (such as deep breathing, standing, the Valsalva maneuver), identifies a high-risk cohort of 
patients with an increased risk of coronary artery disease, silent ischemia, and cardiovascular 
morbidity. Therefore, patients with diabetes who are identified as having autonomic neuropathy 
may benefit from a comprehensive cardiac evaluation to exclude ischemic heart disease. 


No direct treatment for diabetic neuropathy exists, other than improving glycemic control. 
Pharmacologic therapy may, however, help symptoms. Partial serotonin and norepinephrine 
reuptake inhibitors (duloxetine), tricyclic antidepressants (amitriptyline), and various antiseizure 
medications (gabapentin, phenytoin, carbamazepine) are frequently used to treat the pain 
associated with this condition; occasionally, opiate analgesics may be required. Autonomic 
failure is a considerable problem that is best dealt with on a patient-by-patient and symptom-by- 
symptom level. 
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The Diabetic Foot 


Because patients with diabetes mellitus often have peripheral vascular disease and peripheral 
neuropathy, careful examination of the feet must be part of the diabetic assessment. These 
conditions, especially when they coexist, place the diabetic foot at extreme risk for ulceration, 
infection, and ultimate amputation. Clinical evaluation should include an assessment of the 
vascular status of the leg and an evaluation of foot sensation with a standard 10-g monofilament. 


The early detection of foot sensory deficits involves the patient making a meticulous visual 
inspection of the feet. Daily self-care, including bathing, rehydration with emollient creams, and 
the use of comfortable, protective, and well-fitting shoes and plain cotton socks, is 
recommended. Patients should also avoid walking barefoot. When examining their feet, patients 
with diabetes should look for callus formation, new growths, and evidence of newly developing 
points of friction from new footware or of irritation from improperly fitting shoes. Ongoing foot 
care by a qualified podiatrist is central to the multidisciplinary management of diabetes, 
particularly in patients with “high-risk feet,” such as those with vascular insufficiency, sensory 
deficits, and bony deformities. The coexistence of two or more of these abnormalities mandates 
earlier and more frequent attention. Once ulceration or infection is established, treatment is 
extraordinarily difficult because of abnormal host defenses and vascular insufficiency. Therefore, 
preventive foot care is critical. 


Treatment of a foot ulcer or infection must be aggressive. Ulcerations, which can involve gram- 
negative organisms, should be treated with broad-spectrum antibiotics, often for long periods of 
time. Adequate débridement of nonviable tissues necessitates referral to a surgical specialist, as 
does vascular insufficiency. Glycemic control remains key to optimizing healing and promoting 
immune mechanisms. 
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Cardiovascular Disease 


Diabetes mellitus carries a two- to fourfold increased risk of major cardiovascular events, 
including myocardial infarction, stroke, and heart failure. The relative risk is enhanced in 
women. Diabetes is considered a coronary heart disease risk equivalent on the basis of data 
showing that patients with diabetes but no history of coronary artery disease have a similar risk 
of myocardial infarction as do patients without diabetes who have survived a previous infarction. 
The detrimental long-term vascular effects of hyperglycemia in patients with type 2 diabetes may 
be compounded by the presence of insulin resistance. These detrimental effects include not only 
hypertension and dyslipidemia, but also endothelial dysfunction, hypercoagulability, and 
vascular inflammation. With the exception of the metformin arm of the UKPDS, no study has 
conclusively shown a reduction in cardiovascular events after treatment of hyperglycemia. 


In a long-term follow-up of the DCCT cohort, the original intensively treated group experienced 
42% fewer cardiovascular events after a mean of 13 years posttreatment than patients initially 


treated conventionally; this difference was impressive because the two randomized groups 
experienced coalescence of their hemoglobin Aic values (to ~8.0%) over most of the follow-up 
period. Although these findings suggest a long-lasting effect of periods of tight glycemic control, 
this observation has not been made consistently in all studies of type 2 diabetes. For example, 
whereas the addition of pioglitazone to the drug regimen of patients with type 2 diabetes and 
macrovascular disease in the Prospective Pioglitazone Clinical Trial in Macrovascular Events 
(PROactive) seemed to reduce secondary end points of death, myocardial infarction, and stroke, 
this benefit may have actually resulted from the improvement in the glucose level, blood 
pressure, and lipid levels of the active-therapy patients. More recently, the glucose-lowering 
substudy of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial was 
prematurely terminated because of excess deaths in the intensive therapy group in whom the 
target hemoglobin A,, value was less than 6%. Two other studies, the Action in Diabetes and 
Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) trial 
(hemoglobin A, target <6.5%) and the Veterans Affairs Diabetes Trial (VADT) (hemoglobin 
Aic target <6.0%), found no cardiovascular benefit with more stringent glucose control but did 
not identify a significant risk. The reason for the increased mortality risk in the ACCORD trial is 
unknown but may relate to an increased risk of hypoglycemia or weight gain or simply to the 
complexity of care required to achieve such stringent targets in this older group of patients, many 
of whom had preexisting cardiovascular complications. At this time, the cardinal goal of tight 
glycemic control should be the prevention of microvascular disease; blood pressure control and 
lipid lowering appear to have much more profound effects on cardiovascular disease risk. 
Whether stricter glucose control might lead to a cardiovascular benefit in younger patients over a 
longer period of time than is realistically possible to study in the context of a clinical trial is not 
known. 


Barring contraindications, all adult patients with diabetes mellitus who are older than 40 years 
are now advised to take daily aspirin (81-325 mg). Blood pressure control is also critical. In the 
UKPDS, more intensive blood pressure management (mean, 144/82 mm Hg) reduced rates of 
myocardial infarction by 21% and stroke by 44%. The ADA’s current stricter treatment target 
(<130/80 mm Hg; see Table 6) is based on the results of randomized clinical trials in which 
control of diastolic blood pressure to less than 80 mm Hg significantly reduced cardiovascular 
events and mortality. Studies have also shown a reduction in cardiovascular events with a variety 
of antihypertensive drug classes, including ACE inhibitors, ARBs, B-blockers, calcium channel 
blockers, and diuretics. Most authorities recommend starting with an ACE inhibitor or ARB 
because of these agents’ documented benefit on albuminuria. Currently, the ADA endorses the 
use of ACE inhibitors in patients with type 1 diabetes and proteinuria; for type 2 diabetes, an 
ACE inhibitor or ARB is recommended if microalbuminuria is present and an ARB if 
macroalbuminuria is present. 


Lipid-lowering guidelines are equally aggressive (see Table 6) after several large clinical trials in 
patients with and without diabetes confirmed a reduction in the relative risk of cardiovascular 
events in patients receiving statin therapy. Several major studies have conclusively shown a 
benefit of lowering LDL-cholesterol levels below 100 mg/dL (2.59 mmol/L) in patients with 
diabetes, both with and without known coronary disease. 


Lifestyle modifications with increased physical activity, weight loss, and a focus on reducing 
saturated fat, trans fat, and total cholesterol intake are recommended to improve lipid profiles. 
Statin therapy is recommended by the ADA for patients with diabetes who have overt 
cardiovascular disease, regardless of their baseline LDL-cholesterol level. This therapy is also 
recommended for those without known cardiovascular disease who are older than 40 years and 
have one or more additional risk factors. For lower-risk patients (those with no overt 
cardiovascular disease and age <40 years), statin therapy should be considered if the LDL- 
cholesterol level is greater than 100 mg/dL (2.59 mmol/L) or if multiple cardiovascular disease 
risk factors are present. The LDL-cholesterol goal in persons without overt cardiovascular 
disease is less than 100 mg/dL (2.59 mmol/L); in those with overt disease, a lower goal of less 
than 70 mg/dL (1.81 mmol/L) is an option. If statin-treated patients do not achieve these targets, 
then an LDL-cholesterol reduction of at least 40% from the baseline level should be considered 
as an alternative goal. Although a triglyceride level below 150 mg/dL (1.7 mmol/L) in both sexes 
and an HDL-cholesterol level greater than 40 mg/dL (1.04 mmol/L) in men and greater than 50 
mg/dL (1.3 mmol/L) in women are also desirable, LDL-cholesterol—-targeted therapy is the 
primary strategy. Combination therapy with other lipid-lowering agents can be considered to 
either reduce the LDL-cholesterol level (ezetimibe, binding resins, niacin) or address the 
triglyceride and/or HDL-cholesterol level (fibrates, niacin), but outcomes data are sparse. 
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Other Comorbidities in Diabetes Mellitus 


Because chronic hyperglycemia alters immune function and impairs wound healing, patients 
with diabetes mellitus are at increased risk for various infections and other complications of 
surgical and nonsurgical wounds. Other evidence suggests that patients with diabetes also are 
predisposed to nonalcoholic steatosis and steatohepatitis, obstructive sleep apnea, venous 
thrombosis, bone fracture, dementia, depression, and several cancers, including colorectal 
carcinoma and endometrial carcinoma (in women). 
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Hypoglycemia in Patients Without Diabetes Mellitus 


In persons without diabetes mellitus, hypoglycemia results from failure of the normal 
homeostatic mechanisms to maintain the balance between glucose production and use. As 
glucose levels fall below the physiologic range, counterregulatory factors (epinephrine, 
glucagon, cortisol, and growth hormone) are released. The clinical response to hypoglycemia has 
adrenergic and neuroglycopenic manifestations. 


Hypoglycemic disorders can occur in either the postprandial or the fasting state. Because 
symptoms of hypoglycemia are nonspecific, the presence of an abnormally low blood glucose 
level must be documented. The diagnostic criteria for hypoglycemia are summarized in the 


Whipple triad: hypoglycemic symptoms, a simultaneous low blood glucose level, and the 
resolution of symptoms as hypoglycemia is corrected. Glucose measurement should involve 
whole blood or plasma samples collected in specialized tubes that inhibit glycolysis; home 
glucose meters may be inaccurate in the hypoglycemic range, so their results should be 
interpreted cautiously. 
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Reactive (Postprandial) Hypoglycemia 


Postprandial alimentary hypoglycemia, which typically occurs after gastric surgery, is 
manifested by hypoglycemia occurring approximately 30 to 60 minutes after meals. It may be 
related to the loss of the stomach’s normal reservoir, with glucose being rapidly absorbed and 
insulin released in excess. In contrast, reactive (idiopathic) hypoglycemia in patients with no 
history of gastric surgery is more controversial and is likely diagnosed too frequently. Although 
the term previously encompassed various postprandial somatic symptoms, true reactive 
hypoglycemia is a rare entity. Because many patients with this diagnosis have normal blood 
glucose levels during symptoms, the oral glucose tolerance test adds little to the diagnostic 
evaluation and is not recommended. The pathogenesis is likely a temporal mismatch between 
insulin levels and glucose supply after a large carbohydrate challenge. Reactive hypoglycemia is 
best treated by nutritional interventions, such as high-complex carbohydrate foods and smaller, 
more frequent meals. 
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Fasting Hypoglycemia 


If evaluation confirms the presence of hypoglycemia during fasting periods, the differential 
diagnosis includes several clinical entities. 
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Exogenous Hypoglycemia 


In patients without diabetes who develop hypoglycemia, inadvertent or surreptitious use of oral 
antihyperglycemic agents or insulin must be excluded. Exogenous insulin administration is best 
confirmed by measuring serum insulin and plasma glucose levels and simultaneously measuring 
the serum C-peptide level to confirm endogenous insulin production. In a patient whose 
hypoglycemia results from insulin injections, insulin levels will be elevated but the C-peptide 
level will be suppressed; if hypoglycemia results from the use of insulin secretagogues (such as 
sulfonylureas or glinides), both insulin and C-peptide levels will be inappropriately elevated. 


Measurement of blood or urine levels of the suspected pharmacologic agent is then required to 
confirm its inappropriate use. 
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Endogenous Hypoglycemia 


Endogenous hypoglycemia is classified as that related to increased peripheral glucose utilization, 
usually resulting from excess insulin or insulin-like compounds, or that related to decreased 
glucose supply or production. 
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Hypoglycemia Due to Increased Glucose Utilization 


An insulin-secreting islet cell tumor, or insulinoma, is the most serious diagnosis in a patient 
with fasting hypoglycemia. The biochemical diagnosis of insulinoma is made when the fasting 
plasma glucose level falls below 45 mg/dL (2.5 mmol/L) and there are accompanying 
hypoglycemic symptoms and inappropriate hyperinsulinemia (insulin level >5-6 uU/mL [36-43 
pmol/L) after exogenous factors have been eliminated. Nesidioblastosis and islet cell hyperplasia 
are rare causes of hyperinsulinemic hypoglycemia in adults. Several genetic diseases have been 
implicated in these syndromes, including constitutive activation of the sulfonylurea receptor on 
pancreatic beta cells and abnormalities of the glucokinase gene. Recently, islet cell hyperplasia 
has also been reported in patients with hypoglycemia after gastric bypass surgery. 


Evaluation of patients for insulinoma usually requires a prolonged fast (up to 72 hours) under 
strict medical observation. The fast is discontinued once the glucose level falls below 45 mg/dL 
(2.5 mmol/L), there are associated symptoms of hypoglycemia, and appropriate laboratory tests 
(measurement of plasma glucose, insulin, and C-peptide levels) are performed. Once the 
diagnosis of insulinoma is confirmed biochemically, imaging studies of the pancreas are 
required, beginning with a CT of the abdomen. Although these typically benign lesions are 
usually too small to be seen on CT scans, this modality is essential to exclude larger lesions or 
those already metastatic to the liver. If there are no significant findings, further evaluation may 
include MRI or endoscopic ultrasonography of the pancreas, hepatic venous sampling with 
arterial calcium stimulation, or pancreatic arteriography. Octreotide scans are usually not helpful 
in detecting these small, localized tumors. Once the lesion is identified, surgical resection should 
follow. When preoperative localization has been unsuccessful, operative exploration by an 
experienced pancreatic surgeon should proceed, with the lesion detected by palpation or on an 
intraoperative ultrasound. In patients who are not surgical candidates, medical therapy with 
diazoxide, octreotide, or corticosteroids (or some combination) can be attempted. 


Other rare causes of hypoglycemia include tumors that secrete insulin-like growth factor 2 
(which has insulin-like properties), other malignancies (typically, massive, rapidly growing 
tumors that lower glucose levels simply by gross consumption), and insulin antibody syndromes. 
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Hypoglycemia Due to Decreased Glucose Supply 


Fasting hypoglycemia can also occur as a result of gluconeogenic substrate deficiency, as in 
severe starvation, even if insulin secretion is appropriately suppressed. Alcohol ingestion, which 
suppresses hepatic glucose production, can accentuate hypoglycemia. Various systemic illnesses, 
such as sepsis, profound hepatic dysfunction, and severe and prolonged nutritional deficiency, 
are also associated with hypoglycemia. Hypoglycemia may also be seen in certain endocrine 
disorders, such as Addison disease (because of the lack of cortisol) and hypopituitarism (because 
of the lack of adrenocorticotropic hormone [and, as a result, cortisol] and growth hormone). 
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Disorders of the Pituitary Gland 


Hypothalamic Disease 
Hypopituitarism 
Pituitary Tumors 


Posterior Pituitary Deficiency and Excess 
Pregnancy and Pituitary Diseases 


Key Points 


Hypothalamic causes of pituitary dysfunction should be suspected when hypopituitarism 
is accompanied by diabetes insipidus or hyperprolactinemia. 

Hypopituitarism is commonly seen in patients after various brain injuries or insults, 
including traumatic brain injury, subarachnoid hemorrhage, neurosurgery, and cranial 
irradiation. 

Lymphocytic hypophysitis, which usually occurs during or after pregnancy, causes 
hypopituitarism, possible symptoms of a mass lesion, and often adrenocorticotropic 
hormone insufficiency. 

Adults with growth hormone deficiency have decreased muscle mass, increased fat mass, 
and decreased bone mineral density; many also have decreased strength, endurance, and 
well-being. 

A growth hormone stimulation test is necessary to diagnose growth hormone deficiency. 


e In addition to prolactinomas, possible causes of hyperprolactinemia include medications, 
suprasellar lesions, hypothyroidism, renal failure, hypothalamic disease, and pregnancy. 

e Hyperprolactinemia also may be due to decreased clearance of prolactin because of 
chronic renal failure and the presence of macroprolactin. 

e Dopamine agonists, in particular cabergoline, are the primary treatment for patients with 
prolactinomas. 

e Acromegaly carries a two- to threefold increased risk of mortality when levels of growth 
hormone and insulin-like growth factor | are not normalized. 

e Long-acting preparations of the somatostatin analogues octreotide and lanreotide have 
been shown to reduce growth hormone and insulin-like growth factor 1 levels to normal 
in approximately 60% of patients with acromegaly but result in only modest reductions in 
tumor size. 

e Incidentally found macroadenomas carry a 24% risk of enlargement over time and must 
be followed periodically. 

e Somatostatin analogues are effective as adjunctive treatment of patients with thyroid- 
stimulating hormone-secreting adenomas. 

e Treatment of central diabetes insipidus includes desmopressin, which can be 
administered either orally via a metered nasal spray or subcutaneously by injection. 

e Cushing syndrome during pregnancy is associated with a substantially increased risk of 
prematurity and stillbirth. 
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Hypothalamic Disease 


The pituitary stalk arises from the median eminence, a vascular region at the base of the 
hypothalamus. Hypothalamic hormones, including corticotropin-releasing hormone, 
gonadotropin-releasing hormone, thyrotropin-releasing hormone, and growth hormone (GH)- 
releasing hormone, travel to the median eminence via axonal pathways to be released into the 
portal plexus and then into the pituitary gland through the hypothalamic-pituitary portal vessels 
carried in the pituitary stalk. Disruption of these axons by certain pathologic conditions leads to 
substantial decreases in the secretion of pituitary hormones, with the exception of prolactin, 
whose secretion may actually increase because of the elimination of tonic inhibition by 
dopamine. Symptoms result from both the location of lesions and the rapidity of increase in 
lesion size. 


Congenital hypothalamic structural lesions are often due to mutations in the genes for 
transcription factors expressed sequentially during embryogenesis and vital to the development 
of pituitary cells. For example, in 85% of patients with Kallmann syndrome, a disorder 
characterized by anosmia (lack of a sense of smell) and hypogonadotropic hypogonadism, a 
defect exists in the protein that facilitates the embryologic migration of both olfactory neurons 
and the neurons that produce gonadotropin-releasing hormone. 


Acquired hypothalamic conditions include tumors, such as craniopharyngiomas and pituitary 
adenomas with suprasellar extension; infiltrative disease, such as sarcoidosis and Langerhans cell 


histiocytosis; and trauma due to head injury, neurosurgery, or cranial irradiation. When 
hypopituitarism is accompanied by diabetes insipidus or hyperprolactinemia, hypothalamic 
causes should be suspected. 
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Hypopituitarism 


e Causes and Treatment of Hypopituitarism 
e Growth Hormone Deficiency 


e Gonadotropin Deficiency 
e Adrenocorticotropic Hormone Deficiency 


e Thyroid-Stimulating Hormone Deficiency 
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Causes and Treatment of Hypopituitarism 


The congenital combined deficiencies of GH, prolactin, and thyroid-stimulating hormone (TSH) 
are a major cause of hypopituitarism and are themselves caused by mutations in the genes for 
transcription factors (Table 9). Gene mutations have also been found for releasing factor 
receptors, pituitary hormones, and pituitary target organ receptors. Neoplastic lesions, 
particularly pituitary adenomas, cause hypopituitarism by direct compression of the normal 
pituitary gland or by disruption of the pituitary stalk. Conventional and stereotactic gamma knife 
irradiation causes a progressive hypopituitarism through damage to the hypothalamus and the 
pituitary gland. Hypopituitarism also has been found to occur after traumatic brain injury and 
subarachnoid hemorrhage in 35% to 50% of patients studied. 


Pituitary tumor apoplexy, which is due to hemorrhagic infarction and is characterized by the 
sudden onset of headache, stiff neck, fever, and (sometimes) ophthalmoplegia, can also cause 
hypopituitarism. Acute hormone replacement and surgical decompression are often necessary to 
treat this disorder. Sheehan syndrome, another cause of hypopituitarism, is due to silent pituitary 
infarction and is usually associated with obstetric hemorrhage and hypotension. Acutely, 
vascular collapse may occur, but this syndrome more commonly presents with amenorrhea, a 
postpartum inability to lactate, and fatigue due to central hypothyroidism or secondary adrenal 
insufficiency. 


In lymphocytic hypophysitis, a destructive lymphocytic infiltration causes hypopituitarism and, 
possibly, symptoms of a mass lesion. Adrenocorticotropic hormone (ACTH) insufficiency and 
adrenal insufficiency are particularly common with this disorder and can be lethal if undetected. 
Most cases of lymphocytic hypophysitis occur during or after pregnancy. Resolution of 
hypopituitarism in patients with lymphocytic hypophysitis is uncommon. 


Adjustment of the dosages of replacement hormones in treating hypopituitarism is based 
primarily on clinical findings (Table 10). GH and gonadotropins are generally lost before ACTH 
and TSH in most patients, but this finding is not consistent. Because ACTH/cortisol deficiency 
can be potentially life-threatening, the hypothalamic-pituitary axis should always be assessed in 
patients suspected of having hypopituitarism and should be assessed before other axes. An 8 AM 
measurement of a patient’s serum cortisol level is helpful in diagnosing ACTH deficiency (see 
Disorders of the Adrenal Glands). Cortisol deficiency must always be addressed first in patients 
who have hypopituitarism because doing so can be life-saving. If thyroid hormone is replaced 
before cortisol, the former would speed the body’s metabolism so that the small amount of 
cortisol that could be made would be metabolized more rapidly, and the patient could potentially 
go into a hypoadrenal crisis. Despite conventional hormone replacement, there is a twofold 
excess mortality in patients with hypopituitarism. 


Table 9. Causes of Hypopituitarism 


Genetic defects 
Hypothalamic hormone gene defects 
Hypothalamic hormone receptor gene defects 
Pituitary hormone gene defects 
Pituitary hormone receptor gene defects 
Transcription factor gene defects (affecting multiple pituitary hormones) 
Embryopathies 
Anencephaly 
Midline cleft defects 
Pituitary aplasia 
Kallmann syndrome (anosmin gene defect) 
Acquired defects 


Tumors (pituitary adenomas, craniopharyngiomas, dysgerminomas, meningiomas, gliomas, 
metastatic tumors, Rathke cleft cysts) 


Irradiation 

Trauma (neurosurgery, external blunt trauma) 

Infiltrative disease (sarcoidosis, Langerhans cell histiocytosis, tuberculosis) 

Empty sella syndrome 

Vascular (apoplexy, Sheehan syndrome, subarachnoid hemorrhage) 

Lymphocytic hypophysitis 

Metabolic causes (hemochromatosis, critical illness, malnutrition, anorexia nervosa, 
psychosocial deprivation) 

Idiopathic causes 


Table 10. Hormonal Replacement Therapy in 


Hypopituitarism 
Hormone Treatment 
TSH Levothyroxine, 50-200 mg/d; adjust by measuring free Ty levels. 


ACTH Hydrocortisone, 10-20 mg in AM and 5-10 mg in PM, or prednisone, 2.5-5.0 mg in 
AM and 2.5 mg in PM; adjust clinically. Stress dosage, hydrocortisone, 50-75 mg IV 
every 8 hours. 

LH/FSH 


Men Testosterone: 1% gel, 1-2 packets (5-10 g) daily; transdermal patch, 5 g daily; or 
testosterone enanthate or cypionate, 100-300 mg IM every 1-3 weeks. Adjust by 
measuring testosterone levels. May need injectable gonadotropins (LH, FSH) or 
GnRH (if a primary hypothalamic lesion) for spermatogenesis. 


Women Cyclic conjugated estrogens (0.3-0.625 mg) and medroxyprogesterone acetate (5-10 
mg) or low-dose oral contraceptive pills. Estrogen patches also available. May need 
injectable gonadotropins (LH, FSH) for ovulation or in vitro fertilization techniques. 


GH Adults start at 200-300 ug subcutaneously daily and increment by 200 ug at 
monthly intervals. Adjust to maintain IGF-1 levels in the midnormal range. Women 
receiving oral estrogens require higher doses. 


Vasopressin Desmopressin: metered nasal spray, 10-20 ug once or twice daily; or tablets, 0.1-0.4 
mg every 8-12 h; or injected, 1-2 ug SC or IV, every 6-12 h. 


ACTH = adrenocorticotropic hormone; FSH = follicle-stimulating hormone; GH = growth 
hormone; GnRH = gonadotropin-releasing hormone; IGF-1 = insulin-like growth factor 1; IM = 
intramuscularly; IV = intravenously; LH = luteinizing hormone; SC = subcutaneously; Ty = 
thyroxine; TSH = thyroid-stimulating hormone. 
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Growth Hormone Deficiency 


GH deficiency in adults can either be a continuation of a childhood condition or be newly 
acquired. Adults with this deficiency have decreased muscle mass, increased fat mass, and 
decreased bone mineral density, and many have decreased strength, endurance, and well-being. 
A GH stimulation test, such as insulin-induced hypoglycemia or use of a combination of arginine 
and GH-releasing hormone, is necessary for diagnosis. Testing may not be necessary if three or 
more other pituitary hormones are shown to be deficient and insulin-like growth factor 1 (IGF-1) 
levels are below normal. Only approximately one third of children with isolated idiopathic GH 
deficiency are found to be GH deficient when retested as adults; therefore, these patients should 
be retested before continuing GH as an adult. Given that GH-dependent bone remodeling 


continues into the mid-20s, stopping childhood GH replacement when final height has been 
achieved may be inappropriate. 


GH treatment of adults with GH deficiency can increase lean body mass, decrease fat mass, and 
improve the sense of well-being without long-term adverse effects. The short-term adverse 
effects of edema, joint pain, and carpal tunnel syndrome can be avoided by using a low starting 
dose and gradually increasing it. 
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Gonadotropin Deficiency 


Clinical features of hypogonadotropic hypogonadism in women include amenorrhea, breast 
atrophy, vaginal dryness, diminished libido, and loss of bone density. In men with the disorder, 
decreased libido, erectile dysfunction, anemia, and loss of bone density occur. Acquired 
hypogonadotropic hypogonadism in women commonly results from weight loss, anorexia 
nervosa, stress, heavy exercise, or severe illness, although it may also be idiopathic. Structural 
disease must be excluded by MRI or CT. Hyperprolactinemia can suppress gonadotropin- 
releasing hormone and lead to reduced gonadotropin levels. 


Treatment of hypogonadism is addressed in Reproductive Disorders. 
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Adrenocorticotropic Hormone Deficiency 


ACTH deficiency causes hypocortisolism, with symptoms of nausea, vomiting, weakness, 
fatigue, fever, and hypotension. Mineralocorticoids are not generally affected by this deficiency 
because they are controlled by the renin-angiotensin system, so hyperkalemia is not present. In 
women, reduced adrenal androgens can decrease libido and cause loss of axillary and pubic hair. 
However, patients with significant ACTH and cortisol deficiency may occasionally be 
asymptomatic. 


The most common cause of ACTH deficiency is suppression of ACTH secretion with exogenous 
corticosteroids. If another cause is responsible, ACTH deficiency usually occurs in combination 
with the loss of other pituitary hormones. Acquired isolated ACTH deficiency can occur, 
however, particularly in women with lymphocytic hypophysitis. Finally, the use of megestrol 
acetate for appetite stimulation can occasionally suppress the secretion of ACTH and lead to its 
deficiency. 


Details regarding diagnosis and therapy of primary and secondary adrenal insufficiency are 
provided in Disorders of the Adrenal Gland. 
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Thyroid-Stimulating Hormone Deficiency 


Acquired central forms of hypothyroidism are usually associated with deficiencies of TSH and 
other pituitary hormones. A low free thyroxine (T4) level without an elevated TSH level is 
consistent with central hypothyroidism. In some patients with hypothalamic disease, the TSH 
level is partially elevated in the presence of low levels of free T4, but TSH bioactivity is reduced. 
It may be difficult to distinguish between central forms of hypothyroidism and the euthyroid sick 
syndrome in patients with severe illness. Generally, those with euthyroid sick syndrome have 
elevated levels of reverse triiodothyronine (T3), but those with central forms of hypothyroidism 
do not. 


Thyroid hormone dosing in patients with central hypothyroidism should be adjusted according to 
clinical symptoms and free T4 levels because TSH levels cannot be used. 
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Pituitary Tumors 


Pituitary tumors can be microadenomas (<10 mm) or macroadenomas (>10 mm). These tumors 
are very rarely malignant but can be locally invasive. Pathogenetic mutations have been found in 
only a subset (35%-40%) of somatotroph adenomas, which have an activating mutation of the 
gene for the G,a-subunit involved in transduction of the GH-releasing hormone signal. 
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Mass Effects of Pituitary Adenomas 


The mass effects of an enlarging tumor may be the primary clinical manifestation of a pituitary 
adenoma. Headaches are common, and sudden worsening may indicate apoplexy. 
Macroadenomas abutting the optic chiasm can cause visual field defects, and those invading the 
cavernous sinus can cause cranial nerve palsies. 


Hypopituitarism is reversible in up to 50% of patients with pituitary adenomas after surgical 
decompression. Slightly elevated serum prolactin levels (generally, less than 100 ng/mL [100 
ug/L]) occur in patients with stalk compression. Diabetes insipidus is rarely caused by pituitary 
tumors and should instead raise suspicion of a craniopharyngioma. 
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Treatment of Pituitary Adenomas 


Therapy goals for pituitary adenomas are to reduce tumor mass (and any attendant mass effects), 
prevent tumor recurrence, and correct any hormone oversecretion without causing damage to the 
normal pituitary gland. Except for prolactinomas, for which medical therapy is usually preferred, 
surgery is the primary mode of therapy for tumors that warrant intervention. The standard 
sublabial transsphenoidal approach is gradually being replaced by an endoscopic endonasal 
approach. In experienced hands, complications of transsphenoidal surgery occur in less than 5% 
of patients and include transient diabetes insipidus, cerebrospinal fluid leak, hemorrhage, optic 
nerve injury, and hypopituitarism. Craniotomy, which is reserved for very large tumors, is 
associated with greater morbidity and mortality. 


Irradiation is generally used as adjunctive therapy after surgery or in combination with medical 
therapy. Radiation has generally been administered over 5 weeks, but recently, gamma knife or 
stereotactic radiotherapy administered over a single day from multiple ports has come into use. 
Primary radiation therapy is reserved for patients who cannot undergo surgery. Adjunctive 
radiotherapy is performed for any residual tumor and/or continued hormone hypersecretion. The 
most common complications include hypopituitarism, second tumors, and stroke; rarer 
complications are optic nerve damage, brain necrosis, and cognitive dysfunction. 
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Prolactinomas and Hyperprolactinemia 


e Causes 


e Macroprolactinemia 
e Clinical Features and Therapy of Hyperprolactinemia 
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Causes 


Prolactinomas are the most common type of pituitary adenoma (25%-40%), but not all patients 
with hyperprolactinemia have prolactinomas (Table 11). The serum prolactin level in patients 
with hyperprolactinemia caused by drugs and other nonprolactinoma causes is usually less than 
150 ng/mL (150 ug/L). 


Many medications block dopamine release or action, the most common being antipsychotic 
medications, verapamil, and metoclopramide. Various suprasellar lesions cause 
hyperprolactinemia because of compression of the hypothalamus or pituitary stalk, which causes 
decreased amounts of dopamine to reach the lactotrophs. Because high estrogen levels in 
pregnancy cause lactotroph hyperplasia and hyperprolactinemia, pregnancy must always be 
excluded when hyperprolactinemia is found in a woman of childbearing potential. 


Hypothyroidism and renal failure (serum creatinine level >2 mg/dL [176.8 umol/L]) can also 
cause hyperprolactinemia. Unless there is very good evidence for these conditions or drug- 
induced hyperprolactinemia, even patients with mild hyperprolactinemia should be evaluated 
with CT or MRI to distinguish between idiopathic hyperprolactinemia, microprolactinomas, and 
large mass lesions. 


A special caution is needed when some prolactin assays are used because patients with large 
prolactinomas (and very high prolactin levels) can appear to have prolactin levels that are normal 
or only modestly elevated, thus mimicking a large, nonfunctioning adenoma. This “hook effect” 
is due to saturation of the assay antibodies. Therefore, prolactin levels should always be 
remeasured at a 1:100 dilution in patients with macroadenomas and normal to modestly elevated 
prolactin levels. 


When no pituitary lesions are present on radiographic studies and other known causes of 
hyperprolactinemia have been excluded, the diagnosis of idiopathic hyperprolactinemia is made. 
Over time, only 10% to 15% of patients with this condition develop microadenomas, and very 
few develop macroadenomas. Hyperprolactinemia resolves in one third of patients with 
idiopathic hyperprolactinemia without specific intervention. 


Table 11. Causes of Hyperprolactinemia 


Pituitary disease Prolactinomas 


Growth hormone-secreting tumors (cosecretion or pituitary stalk 
effects) 


Nonfunctioning pituitary tumors (pituitary stalk effects) 
Lymphocytic hypophysitis (pituitary stalk effects) 
Empty sella syndrome (pituitary stalk effects) 
Cushing disease (cosecretion or pituitary stalk effects) 
Nonpituitary sellar and Craniopharyngioma 
parasellar lesions Hypothalamic disease (sarcoidosis, Langerhans cell histiocytosis, 
lymphoma) 
Metastatic tumors to pituitary/hypothalamus 
Meningiomas 
Dysgerminomas 
Irradiation 
Neurogenic Chest wall or spinal cord disease 
Breast stimulation/lesions 


Drugs Psychotropic agents (butyrophenones and phenothiazines, MAO 
inhibitors, tricyclic antidepressants, fluoxetine, molindone, risperidone, 
cocaine) 


Antihypertensive agents (verapamil, a-methyldopa, reserpine) 
Metoclopramide 


(Estrogen in conventionally used doses does not cause 
hyperprolactinemia.) 


Other Pregnancy 
Hypothyroidism 
Chronic renal failure 
Cirrhosis 
Macroprolactinemia 
Idiopathic 
Adrenal insufficiency 
Ectopic secretion 


MAO = monoamine oxidase. 
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Macroprolactinemia 


Macroprolactins are high-molecular-weight prolactin variants that are either aggregates with 
immunoglobulins or dimers. These variants have diminished biologic potency. Evidence of 
macroprolactinemia can be detected in the serum by precipitating the aggregate or dimer with 
polyethylene glycol. If more than 50% of the prolactin can be precipitated in this fashion, the 
patient is said to have macroprolactinemia. Macroprolactinemia has usually been found in 
patients with equivocal symptoms and not those typically due to hyperprolactinemia. 
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Clinical Features and Therapy of Hyperprolactinemia 


Hyperprolactinemia can cause galactorrhea, oligomenorrhea, and amenorrhea in premenopausal 
women; erectile dysfunction in men; and decreased libido, infertility, and osteopenia in both 
sexes. Large tumors also may cause mass effects, which are often the presenting feature in men 
and postmenopausal women. 


For most symptomatic patients with hyperprolactinemia, a dopamine agonist is the therapy of 
choice (Table 12). However, in some women with idiopathic hyperprolactinemia or 
microadenomas who do not desire fertility but are estrogen deficient, simple replacement of 
estrogen with oral contraceptives may be preferable. Dopamine agonists normalize prolactin 
levels, correct amenorrhea and galactorrhea, and decrease tumor size by more than 50% in 80% 
to 90% of patients (Figure 4). Cabergoline is generally more efficacious and better tolerated, 
although more expensive, than bromocriptine. Thus, it is reasonable to use a dopamine agonist as 


first-line therapy, even in patients with visual field defects, as long as visual acuity is not 
threatened by rapid progression or recent tumor hemorrhage. Approximately 25% to 75% of 
patients whose prolactin levels normalize and tumors shrink to the point of nonvisualization can 
be tapered off dopamine agonists without tumor re-expansion. It is critical to ensure adherence to 
medical therapy, although, in some patients, prolactinomas appear to be resistant to dopamine 
agonists. It is equally necessary to be certain that the underlying lesion is a prolactinoma and that 
there is no other cause of the hyperprolactinemia. Although some patients respond to larger 
dosages of cabergoline, caution is needed because recent reports in patients taking cabergoline 
for Parkinson disease have shown that doses greater than 3 mg/d may be associated with cardiac 
valvular abnormalities. Echocardiographic monitoring may be useful; however, the dose 
threshold for doing so remains to be established. Alternatively, transsphenoidal surgery can be 
performed; studies have shown initial remission rates of 70% to 80% for microprolactinomas and 
25% to 40% for macroadenomas, with long-term recurrence rates of 20%. Radiation therapy, 
usually gamma knife irradiation, is reserved for those patients with macroadenomas who do not 
respond to either medical or surgical treatment. 
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Figure 4. Sagittal and coronal MRIs showing a prolactin- 
secreting macroadenoma. 


Sagittal (/eft) and coronal (right) MRIs of a patient with a prolactin-secreting macroadenoma 
before (top) and during (bottom) bromocriptine treatment. Note the marked decrease in tumor 
size after treatment began. 


Reprinted from Molitch ME. Prolactinoma. In: Melmed S, ed. The Pituitary. 2nd ed. Malden, 
MA: Blackwell Publishing; 2002:457. 


Table 12. Medical Therapies for Pituitary Adenomas 


Type of Pituitary Adenoma Medication 
Prolactinoma Cabergoline 
Bromocriptine 
Adenomas causing acromegaly Somatostatin analogue (octreotide, lanreotide) 
Cabergoline 
Pegvisomant 
Adenomas causing Cushing disease Ketoconazole 
Metyrapone 
Cabergoline 
Mifepristone 
Mitotane 
Etomidate 
TSH-secreting adenomas Somatostatin analogues (octreotide, lanreotide) 
Nonfunctioning adenomas Cabergoline 


Somatostatin analogues (octreotide, lanreotide) 


TSH = thyroid-stimulating hormone. 
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Acromegaly and Growth Hormone Excess 


e Etiology, Clinical Features, and Evaluation 
e Treatment 
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Etiology, Clinical Features, and Evaluation 


Acromegaly is most often caused by a GH-secreting adenoma. If GH excess occurs before 
epiphyseal closure, a condition known as pituitary gigantism results; when it occurs in adulthood 
after epiphyseal closure, acromegaly ensues. Clinical features of acromegaly include 
prognathism; enlargement of the nose, lips, and tongue; frontal bossing; malocclusion; increased 
spacing between the teeth; sleep apnea; enlargement of the hands and feet; arthritis of the hips 
and knees; carpal tunnel syndrome; oily skin; and skin tags. 


Prolactin is coproduced with GH in approximately 40% of patients with acromegaly. Some of 
these patients also may have amenorrhea and/or galactorrhea. Ectopic production of GH- 
releasing hormone is a rare (<1%) cause of acromegaly. 


There is a two- to threefold increase in mortality rate associated with GH excess because of its 
association with cardiovascular and cerebrovascular diseases. Cardiac hypertrophy is common, 
and hypertension and diabetes mellitus occur in many patients with GH excess. Because of an 
increased risk of premalignant polyps and colon cancer, screening with colonoscopy is 
recommended for all persons with GH excess. 


Random GH level measurements are not useful because of pulsatile secretion, and demonstration 
of nonsuppression during a glucose tolerance test is needed for making the diagnosis. IGF-1 
levels provide an integrated index of GH production, correlate well with clinical activity, and 
serve as a better screening test for acromegaly. An MRI evaluates the extent of tumor growth; 
approximately 60% of patients have macroadenomas. 
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Treatment 


Correction of GH oversecretion prevents further physical disfigurement, reverses the increased 
mortality rate, and can lead to substantial improvement of soft-tissue changes and metabolic 
derangements. Transsphenoidal surgery results in plasma GH levels below 1 ng/mL (1 ug/L) and 
normal IGF-1 levels in approximately 80% to 90% of patients with microadenomas and 30% to 
40% of patients with macroadenomas when performed by experienced neurosurgeons. 


Medical therapies are used in patients who are not cured by surgery or in whom surgery is very 
unlikely to result in a cure. Although cabergoline is successful in only approximately 10% to 
20% of patients with GH excess, an initial trial may be warranted because it can be given orally 
and is relatively inexpensive compared with somatostatin analogues. Long-acting preparations of 
the somatostatin analogues octreotide and lanreotide can be given by injection every 4 weeks and 
reduce GH and IGF-1 levels to normal in approximately 60% of patients. Tumor size is reduced 
modestly in most instances. Adverse effects of somatostatin analogues include diarrhea and an 
increased risk of cholelithiasis; cholecystitis and the need for cholecystectomy occur rarely. 


Some patients experience additive beneficial effects from adding cabergoline to somatostatin 
analogues. 


Pegvisomant is a biosynthetic GH analogue that prevents binding of GH to its receptor. It has 
been shown to normalize IGF-1 levels in more than 90% of patients with GH excess, with 
corresponding clinical benefits, but has no effects on tumors. Pegvisomant is given by daily 
injection; long-term experience with its use is limited. 


Adjunctive radiation therapy may be required when elevated GH levels or mass effects persist 
after surgery and medical therapy. 
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Cushing Disease 


Cushing disease denotes Cushing syndrome caused by excess production of ACTH by a pituitary 
adenoma. Cushing syndrome is discussed in Disorders of the Adrenal Glands. 
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Gonadotropin-Producing and Clinically Nonfunctioning 
Adenomas 


Gonadotropin-producing and clinically nonfunctioning adenomas generally manifest with 
symptoms and signs related to local mass effects, such as headache, visual field loss, and 
hypopituitarism. Although most clinically nonfunctioning adenomas produce low levels of intact 
gonadotropins or their uncombined a- or B-subunits, these hormones usually cause no symptoms. 
Treatment primarily aims to reduce the size of the tumor. Complete or partial reversal of visual 
field defects and hypopituitarism can be accomplished by surgery, unless these conditions are of 
long duration. An MRI performed 3 to 4 months postoperatively serves as a baseline for follow- 
up, which should include yearly MRI monitoring for tumor recurrence or growth. When follow- 
up studies show tumor growth, repeat surgery or radiation therapy (or both) is indicated. 
Cabergoline reduced the rate of regrowth of tumor remnants in one study and can be considered 
in patients with a visible tumor on postoperative MRI. Octreotide also has been used in some 
patients with clinically nonfunctioning adenomas with varying success. 


PreviousNext 


Incidentalomas 


Many nonfunctioning adenomas are discovered as incidental findings on CT scans or MRIs 
performed for other reasons (hence the term “‘incidentaloma’’). Patients with such findings should 
be screened for hormone overproduction by measurement of prolactin and IGF-1 levels and, 
possibly, by an overnight dexamethasone suppression test or midnight salivary cortisol 
measurement to exclude Cushing syndrome (see Disorders of the Adrenal Glands). If a 
macroadenoma is present, patients should also be screened for hypopituitarism; if the tumor 
abuts the optic chiasm, visual field testing also should be performed. Treatment is indicated for 
hormone over- or underproduction and for visual field defects. Careful follow-up of 
asymptomatic patients with incidentalomas shows that 10% of microadenomas enlarge, 6% get 
smaller, and 84% remain unchanged; in contrast, 24% of macroadenomas enlarge, 13% get 
smaller, and 63% remain unchanged. Therefore, periodic monitoring with MRI is warranted to 
detect an enlarging tumor that may require surgery. 
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Thyroid-Stimulating Hormone-Secreting Tumors 


TSH-secreting tumors are rare. The diagnosis is usually made when the serum TSH level is 
found not to be suppressed during the evaluation of a patient with hyperthyroidism. Surgery and 
adjunctive irradiation are often needed because of the large size of most of these tumors. 
Somatostatin analogues control TSH levels and hyperthyroidism in approximately 80% of 
treated patients, but consistent effects on tumor growth have not been demonstrated. The 
hyperthyroidism in patients with such tumors can also be treated with antithyroid drugs or 
radioiodine. 
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Posterior Pituitary Deficiency and Excess 


e Diabetes Insipidus 
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Diabetes Insipidus 


Diabetes insipidus can result from a deficiency of arginine vasopressin (AVP) secretion (central 
diabetes insipidus) or from a defect in the ability of AVP to act on the kidney (nephrogenic 
diabetes insipidus). With both disorders, the patient excretes dilute urine excessively; the 
resultant serum hyperosmolality stimulates thirst receptors, causing polydipsia. 


Rare congenital defects in the gene for AVP and embryopathic disorders leading to diabetes 
insipidus have been identified in children with this disorder. Most adults develop central diabetes 


insipidus as a result of hypothalamic mass lesions, traumatic brain injury, or infiltrative diseases, 
such as Langerhans cell histiocytosis and sarcoidosis. 


Patients with partial diabetes insipidus may be asymptomatic and only manifest the disease if 
they are deprived of water (as with a comatose patient) or become pregnant and experience an 
increased degradation of circulating AVP levels by placental vasopressinase. 


Testing for diabetes insipidus involves a water deprivation test, as long as the baseline serum 
osmolality is not substantially elevated. Patient weight and urine and serum osmolalities are 
obtained every 2 hours until the urine and serum osmolalities have stabilized (serum osmolality 
>295 mosm/kg) and the patient has lost no more than 3% of body weight. The patient is then 
given 5 ug of desmopressin intranasally; urine osmolality continues to be measured hourly for 
the next 2 to 3 hours. During water deprivation and before desmopressin administration, healthy 
persons will increase their urine osmolality to greater than 800 mosm/kg, but those with diabetes 
insipidus will not increase theirs above 300 mosm/kg. In response to desmopressin, patients with 
central diabetes insipidus will increase their urine osmolality by at least 50%, but those with 
nephrogenic diabetes insipidus will not respond appreciably to desmopressin administration. 
Patients with partial diabetes insipidus will increase their urine osmolality to 300 to 500 
mosm/kg with dehydration and by at least another 9% with desmopressin. 


Treatment of central diabetes insipidus includes desmopressin administered either orally via a 
metered nasal spray or subcutaneously by injection. In the unconscious patient or one whose 
thirst mechanisms are not operative, extreme care must be exerted to avoid under- and 
overtreatment; accurate daily body weights, fixed dosages of fluid intake, and frequent 
monitoring of the serum sodium are necessary. 
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Pregnancy and Pituitary Diseases 


e Prolactinomas and Pregnancy 


e Acromegaly in Pregnancy 
e Cushing Disease in Pregnancy 


e Clinically Nonfunctioning Adenomas and Thyroid-Stimulating Hormone—Secreting 
Adenomas in Pregnancy 


e Hypopituitarism During Pregnancy 
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Prolactinomas and Pregnancy 


For women with prolactinomas, dopamine agonists are stopped once pregnancy is achieved. 
There are no documented risks of fetal malformations or other adverse pregnancy outcomes for 


these agents; the collection of available data on the safety of bromocriptine is approximately 10- 
fold larger than that for cabergoline. Dopamine agonists are reinstituted when breast feeding is 
completed. Symptomatic growth occurs in approximately 30% of macroprolactinomas and 3% of 
microprolactinomas in the second or third trimester, which necessitates reinstitution of the 
dopamine agonist, transsphenoidal surgical decompression, or delivery if the pregnancy is 
sufficiently advanced. 
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Acromegaly in Pregnancy 


The diagnosis of acromegaly during pregnancy can be difficult because the placental variant of 
GH increases substantially in the second half of pregnancy as measured in the standard GH 
assays. It may be necessary to wait until the postpartum period to confirm the diagnosis. As with 
prolactinomas, dopamine agonists (if taken) are stopped when the pregnancy is diagnosed. 
Somatostatin analogues also are generally stopped when pregnancy is planned or diagnosed. 
Although no adverse outcomes have occurred in the 14 reported cases in which somatostatin 
analogues have been used by pregnant women, the facts that these drugs cross the placenta and 
that there are somatostatin receptors in many fetal tissues make use of such drugs during 
pregnancy problematic. Hypertension and gestational diabetes mellitus in pregnant women with 
acromegaly can generally be managed conventionally. 
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Cushing Disease in Pregnancy 


Active Cushing syndrome, including Cushing disease, is associated with a substantially 
increased risk of prematurity and stillbirth. The diagnosis of Cushing syndrome during 
pregnancy may be difficult because signs and symptoms overlap with those of normal 
pregnancy; 24-hour urine free cortisol and serum cortisol levels increase in normal pregnancy, 
and there is impaired suppression of cortisol levels by dexamethasone. Outcome analyses 
suggest that pregnant patients with newly diagnosed Cushing syndrome of all causes should 
undergo surgery, unless they are near term. 
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Clinically Nonfunctioning Adenomas and Thyroid- 
Stimulating Hormone-Secreting Adenomas in Pregnancy 


There are few reports of women with either clinically nonfunctioning adenomas or thyroid- 
stimulating hormone-secreting adenomas becoming pregnant. Hyperthyroidism needs to be 
controlled, but pituitary surgery for these tumors can usually be deferred until after delivery. 
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Hypopituitarism During Pregnancy 


Only thyroid and adrenal hormone replacement need be performed during pregnancy in patients 
with hypopituitarism. Extrapolating from data of patients with primary hypothyroidism, 
physicians usually increase the levothyroxine dosage by 0.025 mg daily at the end of the first 
trimester and by another 0.025 mg daily at the end of the second trimester. Corticosteroid 
replacement does not have to be increased, except in women under stress or undergoing labor. 
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Disorders of the Thyroid Gland 


Thyroid Physiology 

Evaluation of Thyroid Function 

Functional Thyroid Gland Disorders 

Structural Disorders of the Thyroid Gland 

Medications That Alter Thyroid Function 

Effects of Nonthyroidal Illness on Thyroid Function Tests 
Thyroid Function and Disease in Pregnancy 


Thyroid Emergencies 


Key Points 


The thyroid gland primarily secretes thyroxine with peripheral conversion to bioactive 
triiodothyronine as required. 

Adequate iodine intake is imperative for thyroid hormone production; pregnant and 
lactating women require 50% or 100%, respectively, more iodine intake than the general 
population. 

Both thyroid-stimulating hormone and free thyroxine levels should be measured to 
evaluate symptoms of thyroid disease. 

The presence of anti-thyroid peroxidase and anti-thyroglobulin antibodies in euthyroid 
or subclinically hypothyroid patients confers an increased risk of developing overt 
hypothyroidism. 

Measurement of the thyroid-stimulating hormone receptor antibodies thyroid-stimulating 
immunoglobulin and thyrotropin-binding inhibitory immunoglobulin is best reserved for 
patients with suspected euthyroid Graves ophthalmopathy, pregnancy complicated by 
Graves disease, or atypical fluctuating hypo- or hyperthyroidism. 

Thyrotoxicosis encompasses all forms of thyroid hormone excess, whereas 
hyperthyroidism relates specifically to excess hormone production by the thyroid gland. 
Radioactive iodine uptake is elevated in hyperthyroidism and low in destructive 
thyroiditis and exogenous thyroid hormone exposure. 

Color-flow Doppler ultrasonography is used to distinguish hyperthyroidism (high flow) 
from thyroiditis (low flow). 

The drug-free remission rate in patients with Graves disease who are treated with 
antithyroidal drugs is between 30% and 50% after 1 year of therapy. 

Therapy with radioactive iodine (?'D should be avoided in patients with significant 
Graves ophthalmopathy. 

Radioactive iodine ('*'I) or surgery can be definitive treatment of hyperthyroidism in 
patients with toxic multinodular goiter and toxic adenoma. 

The classic course of destructive thyroiditis consists of a thyrotoxic release phase 
followed by a hypothyroid recovery stage, which in turn is followed by a return to 
euthyroidism. 


e Radioactive iodine uptake will be very low during the thyrotoxic phase of destructive 
thyroiditis but can then rise to above-normal levels during the hypothyroid phase. 

e Amiodarone can induce two forms of thyrotoxicosis: iodine-induced hyperthyroidism 
(type 1) and destructive thyroiditis (type 2). 

e The presence of anti-thyroid peroxidase antibodies suggests Hashimoto thyroiditis as the 
cause of hypothyroidism. 

e Levothyroxine remains the mainstay of thyroid hormone replacement therapy in patients 
with hypothyroidism. 

e The suggested goal for serum thyroid-stimulating hormone levels in patients on 
levothyroxine therapy is 1.0 to 2.5 uU/mL (1.0 to 2.5 mU/L). 

e Subclinical hypothyroidism may be associated with an increased risk of atherosclerosis 
and cardiac events, but reversal of these effects with levothyroxine therapy has not been 
systematically studied. 

e Levothyroxine therapy is reasonable in patients with subclinical hypothyroidism who 
have increased risk factors for development of overt hypothyroidism. 

e Selection of thyroid nodules for fine-needle aspiration should be guided by nodule size 
and the presence of worrisome ultrasound features (such as an irregular border, 
prominent central intranodular vascularity, microcalcifications, and hypoechogenicity). 

e The thyroid cancer risk is approximately the same for multinodular goiters and solitary 
nodules, whether found clinically or incidentally. 

e Nonthyroidal illness is commonly associated with changes in thyroid function tests; 
levothyroxine therapy is not indicated. 

e The fetus is dependent on maternal thyroid hormone until its own thyroid becomes 
functional at 10 to 12 weeks of gestation. 

e Maternal thyroxine demand increases substantially during pregnancy, and pregnant 
patients on levothyroxine therapy may require a 35% to 50% increase in levothyroxine 
dosage during the first or second trimester. 

e Thyroid scans and radioactive iodine uptake testing are contraindicated in pregnant 
patients. 

e Targeted therapy for thyroid storm should reduce thyroid hormone production/secretion 
by the thyroid gland, decrease peripheral conversion of T4 to bioactive T3, address 
associated adrenergic and thermoregulatory changes, treat all precipitating factors, and 
aggressively reverse any systemic decompensation. 

e Thyroid storm is associated with a mortality rate of 15% to 20%. 

e Mental status changes and hypothermia are hallmark findings for myxedema coma. 

e The primary pharmacologic therapy for myxedema coma is levothyroxine; use of 
liothyronine is more controversial. 

e Underlying precipitants are common in myxedema coma and must be addressed along 
with the patient’s thyroid abnormalities. 
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Thyroid Physiology 


Thyroid hormone production is under the control of the hypothalamic-pituitary axis by means of 
thyrotropin-releasing hormone (TRH) and thyroid-stimulating hormone (TSH) secretion through 
a negative feedback loop involving thyroxine (T4) and triiodothyronine (T3). The thyroid gland 
primarily produces Ty (80-100 g/d) and only a small amount of T; (4-8 g/d). Most T; (8-22 
ug/d) comes from peripheral conversion by 5'-deiodinase enzymes. Hypothalamic-pituitary axis 
disorders lead to central causes of thyroid dysfunction (such as secondary hypothyroidism) or, 
more rarely, thyrotoxicosis from excess TSH secretion. Most patients with thyroid dysfunction 
have an intact hypothalamic-pituitary axis with either low TSH levels reflective of thyrotoxicosis 
or elevated TSH levels indicative of hypothyroidism. 


The free forms of T4 and T3 are biologically active, whereas moieties bound to thyroxine-binding 
globulin (TBG), albumin, or prealbumin remain biologically unavailable until released into the 
free form. Conditions affecting protein binding of thyroid hormone can significantly affect 
measured total thyroid hormone levels, which makes interpretation of testing more challenging. 


Because iodide is an essential component of thyroid hormone, adequate dietary iodine intake is 
essential for adequate thyroid hormone production. Although iodine deficiency is a worldwide 
health problem, data from the National Health and Nutrition Examination Survey (NHANES) 
study indicate generally adequate iodine intake in the United States except for pregnant and 
lactating women, who require approximately 50% or 100%, respectively, more daily iodine than 
the general population. 


The potential effects on thyroid function by environmental exposure to endocrine disrupters has 
recently become concerning. For example, perchlorate, a rocket fuel waste product, has been 
found in small amounts in some U.S. drinking water sources. In high enough doses, it can 
negatively affect thyroid function by competitively inhibiting iodide transport. Although current 
perchlorate levels in drinking water have not breached recommended safety thresholds, the 
clinical impact of low-level environmental exposure is not yet fully known. 
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Evaluation of Thyroid Function 


Various tests can evaluate thyroid function (Table 13). Serum TSH levels are generally the most 
sensitive indicator of thyroid dysfunction, but in patients with possible thyroid-related 
symptoms, a free T, level should be obtained concurrently to assess the degree of hyper- or 
hypothyroidism and to detect secondary hypothyroidism in patients with hypothyroidism and 
TSH levels that are low or inappropriately normal. 


The functional sensitivity of the TSH assay has improved over time. Third-generation TSH 
assays are generally reliable and can measure TSH levels as low as 0.01 uU/mL (0.01 mU/L). 
Total and free T, levels can both be measured, with the former comprising both bound and free 
T4. Because total T; levels are greatly affected by any variation in binding proteins, they may not 
accurately reflect free T4 levels. Free T, represents the prohormone available for conversion to 
active T3, and its precise measurement is imperative for the accurate assessment of thyroid status. 


Many laboratories measure free T4 levels by means of analogue assays, but various medications, 
antibodies, and (counterintuitively) fluctuations in binding protein levels can interfere with these 
assays, thereby yielding artificially low or high results. Free T4 measurement by equilibrium 
dialysis remains the gold standard. Although more expensive, this assay is also more accurate 
and has fewer problems with interference overall. If antibodies against Ty are suspected, as in 
patients with a pattern of erratic results on thyroid function testing that are inconsistent with the 
clinical picture, confirmation is possible by a T4 antibody assay. 


Measurement of the T3 level can provide essential information in some patients with 
thyrotoxicosis, in which T; production predominates over Ty production (T3 toxicosis). However, 
the routine measurement of T; levels is rarely indicated in patients with hypothyroidism because 
the levels are conserved and generally remain within the reference range, even in the presence of 
significant hypothyroidism. 


The thyroid antibodies anti-thyroid peroxidase antibody and anti-thyroglobulin antibody can be 
measured in serum. Their presence indicates underlying autoimmune thyroid disease. Increased 
titers of thyroid antibodies, especially antithyroid peroxidase antibody, confer an increased risk 
of hypothyroidism (~4% per year), which escalates as TSH levels rise above the reference range. 
However, some patients with positive thyroid antibodies may remain euthyroid for many years. 


TSH receptor antibodies can be measured as serum thyroid-stimulating immunoglobulins (TSIs) 
and thyrotropin-binding inhibitory immunoglobulins (TBIIs). Although pathognomonic for 
Graves disease, the TSI and TBII assays are expensive and generally not required for diagnosis 
of routine Graves disease. These assays can be helpful in evaluating patients with euthyroid 
Graves ophthalmopathy, pregnancy complicated by Graves disease, and unusual cases of 
hypothyroidism alternating with hyperthyroidism because of changes in stimulating and blocking 
TSH receptor antibodies. In such patients, titers of TSI and TBII may help predict clinical 
disease course or confirm the presence of antibodies with conflicting impacts on thyroid 
function. 


Thyroglobulin, a glycoprotein integral in follicular storage of thyroid hormone, can be detected 
in serum. Thyroglobulin levels can be elevated in both hyperthyroidism and destructive 
thyroiditis. Intake of exogenous thyroid hormone generally suppresses thyroglobulin levels, 
which makes its measurement useful in patients with thyrotoxicosis due to surreptitious use of 
thyroid hormone. Thyroglobulin is also an effective tumor marker in patients with papillary or 
follicular thyroid cancer after thyroidectomy and radioactive iodine ablation therapy because 
normal thyroid release of thyroglobulin should no longer be present. The presence of 
thyroglobulin antibodies interferes with accurate measurement of thyroglobulin, so such 
antibodies should be checked simultaneously when using thyroglobulin as a tumor marker. 


The primary clinical use of calcitonin measurement is as a tumor marker for medullary thyroid 
cancer, and some have advocated measuring the calcitonin level to screen patients with thyroid 
nodules for such cancer. Given the relative infrequency of medullary thyroid cancer, however, 
the efficacy of generalized screening of all thyroid nodules is uncertain. Calcitonin measurement 
is recommended in higher-risk scenarios, such as in patients with a positive family history of 
known medullary thyroid cancer (or a thyroid cancer of unknown type) that has features of 


multiple endocrine neoplasia type 2 (such as concurrent pheochromocytoma or 
hyperparathyroidism) or with thyroid biopsy results suggestive of medullary thyroid cancer. 


The radioactive iodine uptake (RAIU) test measures thyroid gland iodine uptake over a timed 
period, usually 24 hours. Patients with thyrotoxicosis typically have an above-normal or high- 
normal RAIU, which is inappropriate in the context of a suppressed TSH level. In patients with 
thyroiditis or exposure to exogenous thyroid hormone, the RAIU will be below normal (<5% at 
24 hours). A thyroid scan shows where in the thyroid gland the uptake is occurring (diffusely in 
Graves disease or focally within autonomous nodules). Radionuclide studies should not be 
performed during pregnancy or in women who are breast feeding. 


Table 13. Common Tests of Thyroid Function 


Measurement Normal Indication Comment 
Range 
Serum TSH 0.5-5.0 Suspected thyroid Misleading results in central 
uU/mL dysfunction hypothyroidism because of 
(0.5-5.0 inappropriately low or normal TSH 
mU/L) level 
Serum free T4 0.9-2.4 Suspected thyroid Variable normal ranges depending on 
ng/dL dysfunction assay 
(11.61-31 
pmol/L) 
Serum free T3 3.6-5.6 T; thyrotoxicosis May substitute with total T; (In 
ng/L (5.6- contrast to free thyroid hormone 
8.6 pmol/L) assays, total T4 or T3 measurement is 
affected by the serum binding protein 
level.) 
Serum 3-40 ng/mL Suspected subacute Variable levels with nodular thyroid 
thyroglobulin (3-40 ug/L) thyroiditis disease 
Serum TSI 0-125% Graves disease in Very expensive test, not generally 
pregnancy; euthyroid needed to diagnose Graves disease 
ophthalmopathy 
Serum TBH <10% Same as TSI; also useful in Detection of both blocking and 
assessing fluctuating stimulating antibodies against the 
thyroid function in Graves TSH receptor; not generally needed 
disease to diagnose Graves disease 
Anti-thyroid <2 U/mL Suspected Hashimoto Predictive value for development of 
peroxidase thyroiditis overt hypothyroidism 
antibodies 
Radioactive 10%-30% Suspected thyrotoxicosis Contraindicated in pregnancy and 
iodine uptake of dose at breastfeeding 


24 hours 


T3 = triiodothyronine; T4 = thyroxine; TBH = thyrotropin-binding inhibitory immunoglobulin; 
TSH = thyroid-stimulating hormone; TSI = thyroid-stimulating immunoglobulin. 
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Functional Thyroid Gland Disorders 


e Thyrotoxicosis 
e Graves Disease 


e Toxic Multinodular Goiter and Toxic Adenoma 
Destructive Thyroiditis 


Drug-Induced Thyrotoxicosis 
Subclinical Hyperthyroidism 


Hypothyroidism 
Subclinical Hypothyroidism 
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Thyrotoxicosis 


The term thyrotoxicosis encompasses all forms of thyroid hormone excess, whether primary or 
secondary, endogenous or exogenous, related to excess hormone production by the thyroid 
gland, or a result of damage-related thyroid hormone release (Figure 5). Hyperthyroidism 
specifically refers to thyroid gland overactivity, which most commonly occurs in Graves disease, 
toxic multinodular goiter, and toxic adenoma. The wide array of thyrotoxic symptoms reflects 
the effects of thyroid hormone on various body systems. The severity of symptoms is variable 
between patients and does not always correlate with the extent of thyroid hormone elevation. For 
example, elderly patients with apathetic hyperthyroidism may have minimal hyperadrenergic 
symptoms and instead have atrial fibrillation and/or heart failure at presentation. Symptoms of 
thyrotoxicosis include fatigue, anxiety, insomnia, weight loss (despite increased appetite), 
tremulousness, heat intolerance, irregular menses, hyperdefecation, palpitations, shortness of 
breath or dyspnea on exertion, and muscle weakness. Patients with Graves ophthalmopathy may 
note proptosis, dry eyes, tearing, double or blurred vision, and photophobia. 


The evaluation of thyrotoxicosis involves the correlation of history and physical examination 
findings with laboratory and anatomic study findings (Table 14). In addition to TSH and free T4 
measurements, laboratory studies should include a basic electrolyte panel, liver chemistry tests, 
and a complete blood count because each may be affected by either the underlying disorder or its 
therapy. A T; level (total or free) should be obtained in patients with a suppressed TSH level but 
a normal free T4 level because some patients have T; toxicosis. Usual laboratory findings of 
thyrotoxicosis include a suppressed TSH level and high-normal to frankly elevated Ty or T3 


levels. Anti-thyroid peroxidase and anti-thyroglobulin antibody levels are elevated at times, but 
the TSH receptor antibodies TSI and TBII are more classically associated with Graves disease. 


A thyroid scan and radioactive iodine uptake test (with 13T or technetium Tc 99m and '*'D are 
useful in the differential diagnosis of thyrotoxicosis. A thyroid scan typically reveals diffuse 
radionuclide uptake in Graves disease; an autonomously functioning thyroid nodule exhibits a 
prominent solitary focus, and multiple foci of uptake are seen with a toxic multinodular goiter. 
Radioactive iodine uptake is inappropriately elevated in hyperthyroidism and inappropriately low 
in destructive thyroiditis and exogenous thyroid hormone exposure. 


Thyroid ultrasonography is usually reserved for patients with clinically suspected thyroid 
nodules. Thyroid gland vascular flow can be assessed with color-flow Doppler ultrasonography, 
which can help distinguish the high-flow pattern seen with hyperthyroidism from the low-flow 
pattern seen in thyroiditis or exogenous thyroid exposure. This is particularly helpful in 
diagnosing amiodarone-induced thyrotoxicosis or in differentiating postpartum thyroiditis from 


postpartum Graves disease in a woman who is breastfeeding and cannot be exposed to 
radioactive iodine. 


Hyperthyroidism 


TSH-mediated vertendietiie 


pituitary tumor 


Thyroid hormone 
resistance 


Exogenous T,/T; 
lodine load 


Other Thyroiditis 


Figure 5. Types of thyrotoxicosis. 


MNG = multinodular goiter; T; = triiodothyronine; T4 = thyroxine; TSH = thyroid-stimulating 
hormone. 


Table 14. Classic Test Result Patterns in Thyrotoxicosis 


Graves Toxic SAT  Postpartu Exogenou Exogenou TSH- Referenc 
Disease Adenoma/MN Thyrotoxi m s T; sT; Secretin e Range 
G c Phase Thyroiditi g 
s Pituitar 
y 
Tumor 
TSH | l l l J T Normal/ 0.5-5.0 
t uU/mL 
(0.5-5.0 
mU/L) 
FT; Normal/ Normal/t Normal/t Normal/t Normal/t Normal/| Normal/ 0.9-2.4 
T T ng/dL 
(11.61-31 
pmol/L) 
FT; Normal/ Normal/t Normal/t Normal/t Normal/t ft Normal/ 3.6-5.6 
T T ng/L 
(5.6-8.6 
pmol/L) 
TPO +/- +/- +/- +/- - - - <35 
Ab U/mL 
TG +/- +/- +/- +/- - - - <20 
Ab U/mL 
TSI + - - - - - - <125% 
TBH + - - - - - - <16% 
Em ï t t | | t 3-40 
ng/mL 
(3-40 
ug/L) 
RAI Normal/ Normal/t <5% <5% <5% <5% Normal/ 10%- 
U ?î t 30% at 
24h 


Ab = antibody; FT; = free triiodothyronine; FT, = free thyroxine; MNG = multinodular goiter; 
RAIU = radioactive iodine uptake; SAT = subacute thyroiditis; TBII = thyrotropin-binding 
inhibitory immunoglobulin; TG = thyroglobulin; TPO = anti-thyroid peroxidase; TSH = thyroid- 


stimulating hormone; TSI = thyroid-stimulating immunoglobulin; | = decreased; f = increased; 
+ = present; - = absent. 
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Graves Disease 


Graves disease is an autoimmune process characterized by the production of antibodies against 
the TSH receptor. On TSH receptor binding, these antibodies stimulate autonomous thyroid 
gland function and lead to excess serum T; or T; levels. Graves disease can present with either 
subclinical or overt thyrotoxicosis. Factors associated with its occurrence include a positive 
family history, the presence of other autoimmune conditions, recent severe stressors, tobacco 
use, and possible viral exposures. Physical examination may reveal tachycardia; an elevated 
systolic blood pressure with a widened pulse pressure; a palpable goiter, which is classically 
smooth; a thyrotoxic stare due to lid retraction; proptosis; and, infrequently, an infiltrative 
dermopathy. 


Adrenergic symptoms from thyrotoxicosis can be effectively treated with prompt B-blocker 
therapy. Antithyroidal drugs, radioactive iodine (®'D, and thyroid surgery are the three main 
treatments available for Graves disease. Thyroid surgery is typically reserved for patients with 
concurrent suspicious nodules, extremely large goiters, or ophthalmopathy in whom radioactive 
iodine has aggravated their eye condition. There is geographic variation in the choice of a first- 
line therapy for Graves disease, with radioactive iodine being most commonly used in the United 
States and antithyroidal drugs in other parts of the world. 


Antithryoidal drugs can be used either short term, to control hyperthyroidism in preparation for 
thyroidectomy, or for longer periods (6-18 months), in an attempt to achieve disease remission. 
Propylthiouracil and methimazole are the two antithyroidal drugs available in the United States. 
Because of a presumed immunomodulatory effect, antithyroidal drugs result in drug-free 
remission rates of between 30% and 50% in patients with Graves disease who are treated for 1 
year. Higher remission rates have been described in patients who also have mild 
hyperthyroidism, small goiters, and lower initial antithyroidal drug requirements. Although 
antithyroidal drugs are generally well tolerated, they have some notable adverse effects. Drug 
rashes occur in approximately 2% of patients taking antithyroidal drugs. Propylthiouracil has 
been associated with elevated aminotransferase levels and a higher rate of serious adverse effects 
on the liver than methimazole. Rarely, severe hepatic necrosis has been reported, predominantly 
with propylthiouracil. Therefore, a recent advisory suggested that propylthiouracil should not be 
used as a first-line antithyroidal medication, with the possible exception of the first trimester of 
pregnancy, during which methimazole has been associated with possible teratogenicity. A mild 
and usually reversible cholestatic pattern on liver chemistry tests can be seen with methimazole. 
Both drugs are associated with agranulocytosis, at a rate of one occurrence per 250 to 500 
patients. 


Radioactive iodine can effectively ablate an overactive thyroid in greater than 90% of patients, 
characteristically after a single dose. Adverse effects are uncommon. Patients may (rarely) 
develop neck pain or tenderness from radiation thyroiditis, which may also be associated with an 
exacerbation in the thyrotoxic state for several weeks because of the release of preformed 
hormone. If thyrotoxicosis still persists 6 months after the initial treatment, repeat dosing should 
be considered. Although an occasional patient becomes euthyroid after radioactive iodine 
administration, the expected outcome is hypothyroidism, which typically occurs within 2 to 3 
months of therapy, at which time thyroid hormone replacement therapy is begun. TSH receptor 
antibodies can persist for decades after successful treatment with radioactive iodine and can have 
future clinical effects, even in patients who are euthyroid on stable levothyroxine replacement 
therapy. For example, Graves ophthalmopathy can present years after the initial treatment, and 
TSH receptor antibodies can cross the placenta in pregnant patients during their third trimester 
and have a potentially negative effect on fetal thyroid function. 


Clinically significant Graves ophthalmopathy occurs in approximately 5% to 10 % of patients 
with Graves disease and is more common in smokers and those with a family history of Graves 
ophthalmopathy. Ophthalmopathy severity varies from mild to severe and may involve lid 
changes, proptosis or exophthalmos, and inflammatory eye changes, such as chemosis, 
conjunctival injection, periorbital edema, or iritis. Extraocular muscle involvement can result in 
double vision, whereas optic nerve compression can result in reduced visual acuity and even 
blindness. A primary management focus in Graves ophthalmopathy is to establish a euthyroid 
state because persistent hypo- and hyperthyroidism exacerbate disease activity. Radioactive 
iodine treatment has been associated with worsening of Graves ophthalmopathy, at least 
transiently. Therefore, its use for treatment of hyperthyroidism in patients with severe Graves 
ophthalmopathy is not recommended. In patients with mild to moderate eye disease, prophylactic 
administration of prednisone should be considered if radioactive iodine treatment is selected. 
Treatment choices for Graves ophthalmopathy include local measures (such as artificial tears) to 
treat conjunctival dryness and corticosteroid regimens to treat moderate inflammation. Orbital 
irradiation may also be considered in patients with advanced ophthalmopathy not responsive to 
corticosteroids, although long-term benefit is controversial. Orbital decompression is done 
emergently in patients with optic nerve compression. Successful management of Graves 
ophthalmopathy requires a team approach, with involvement of experienced endocrinologists 
and ophthalmologists. 
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Toxic Multinodular Goiter and Toxic Adenoma 


Toxic multinodular goiter and toxic adenoma frequently result from a somatic mutation in the 
G,a-subunit or TSH receptor causing constitutive activation in one or more nodule(s), which 
leads to autonomy of function and secondary thyrotoxicosis. Recent exposure to iodine should be 
determined because acute iodine loads, either in the diet or intravenously from medical testing, 
can lead to iodine-induced thyrotoxicosis in patients with preexisting thyroid autonomy (Jod- 
Basedow phenomenon). Physical examination may reveal one or more palpable nodule(s) and 
overall gland enlargement. Patients can be asymptomatic or exhibit classic signs of 


thyrotoxicosis. Obstructive symptoms can occur if the gland is large, especially if there is any 
significant substernal extension. With toxic adenoma, a thyroid scan will reveal a solitary 
overactive (“hot”) nodule with suppression of the nonautonomous extranodular tissue. In 
contrast, with toxic multinodular goiter, a thyroid scan will reveal patchy uptake of radioactive 
iodine with increased uptake in autonomous regions and reduced uptake outside those areas; in 
areas of decreased uptake, determining if the reduced uptake correlates with normal-appearing 
tissue or a distinct thyroid (“cold”) nodule is essential because the latter requires specific 
evaluation, including aspiration biopsy. Ultrasonography is useful is assessing toxic multinodular 
goiters because scan findings can be correlated with normal thyroid architecture and functional 
nodules can be delineated from nonfunctional ones. Iodinated contrast should be avoided in 
patients with toxic thyroid nodules, if possible, and close monitoring by thyroid function tests is 
indicated. 


Antithyroidal drugs can achieve drug-free remission in Graves disease but only modulate thyroid 
hormone production in toxic multinodular goiter and toxic adenoma and thus would be required 
continuously to control hyperthyroidism. In contrast, radioactive iodine can be definitive 
treatment of toxic multinodular goiter and toxic adenoma because hyperactive nodules take up 
the iodine, with suppressed normal tissue (ideally) receiving minimal radiation exposure. As the 
hyperthyroid tissue is destroyed over the subsequent few months, the residual normal tissue 
resumes function, which allows a return to euthyroidism without a need for thyroid hormone 
replacement therapy. Surgical options include removal of the involved lobe in toxic adenoma and 
total thyroidectomy in toxic multinodular goiter. Patients who undergo total thyroidectomy will 
require lifelong levothyroxine therapy, but those who have only the involved lobe resection may 
have enough residual tissue to remain euthyroid. 
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Destructive Thyroiditis 


Thyroiditis entails transient destruction of thyroid tissue, leading to disruption of follicles and 
release of preformed thyroid hormone into the circulation. Forms of destructive thyroiditis 
include subacute (de Quervain), postpartum, and silent (painless) thyroiditis. Subacute thyroiditis 
is thought to occur after a viral infection, whereas silent thyroiditis is generally considered to be 
autoimmune. The former usually involves thyroid tenderness, whereas the later is generally 
painless. Postpartum thyroiditis is a painless autoimmune thyroiditis that affects approximately 
5% of pregnant women in the United States and typically occurs within a few months of 
delivery. This disorder can recur with each pregnancy, and the risk for permanent 
hypothyroidism increases with each episode. There also have been reports of an HLA haplotype 
associated with an increased familial risk for thyroiditis. 


The classic course of destructive thyroiditis consists of a thyrotoxic release phase followed by a 
hypothyroid recovery stage, which is in turn followed by a return to euthyroidism. The TSH 
level responds in a converse fashion in that it is suppressed during the toxic phase and then 
increases to above-normal levels in the hypothyroid phase. Although TSH and free T4 levels 
often normalize after these events, some patients will remain permanently hypothyroid or 


become hypothyroid again in the future. Patients often are not diagnosed until after the 
thyrotoxic phase has passed. The severity and duration of a course of destructive thyroiditis vary 
between patients. In some patients, the hypothyroid phase will be mild, whereas in others, it will 
be so severe that replacement with levothyroxine should be considered. In such patients, 
levothyroxine is typically prescribed for approximately 6 months (to allow time for gland 
recovery) and then tapered and stopped, with ongoing monitoring for recurrent hypothyroidism. 
Recurrence of subacute thyroiditis can occur in approximately 4% of these treated patients. 


Findings on physical examination and laboratory study will depend on the phase of destructive 
thyroiditis the patient is experiencing at the time of evaluation. Typical results of thyroid 
function and radioactive iodine uptake tests are shown in Figure 6. The course of destructive 
thyroiditis can be lengthy and, at times, associated with a moderate thyrotoxic phase. Although 
many patients can be treated expectantly with only B-adrenergic blocker therapy, prednisone is 
indicated in patients with significant hormone elevation or pain. NSAIDs have also been used to 
treat the discomfort associated with subacute thyroiditis but are not as effective as 
corticosteroids. 


Serum T4 Serum TSH 123| uptake 


Increased 


Normal 


Decreased 


Month 


Figure 6. Triphasic changes in thyroid hormone levels 
associated with destructive thyroiditis. 


Measurement of TSH and radioactive iodine (T) uptake shows thyrotoxicosis during the first 3 
months, followed by hypothyroidism for 3 months, and then by euthyroidism. 


1237 = radioactive iodine; Ty = thyroxine; TSH = thyroid-stimulating hormone. 


Adapted with permission from Pearce EN, Farwell AP, Braverman LE. Thyroiditis [erratum in N 
Engl J Med. 2003;349(6):620]. N Engl J Med. 2003;348(26):2650. [PMID:12826640] Copyright 
2003, Massachusetts Medical Society. 
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Drug-Induced Thyrotoxicosis 


Several drugs can cause thyrotoxicosis, including lithium carbonate, interferon alfa, interleukin 
2, and (especially) amiodarone. Iodine loads from drugs, iodinated contrast, and, in rare cases, 
significant betadine exposure can trigger hyperthyroidism in predisposed persons. Lithium is 
more commonly associated with hypothyroidism than hyperthyroidism. The average American 
diet contains approximately 150 ug/d of iodine, but amiodarone contains 75 mg of iodine per 
tablet and has a half-life of months; persistent effects on thyroid function can be seen for up to 1 
year after discontinuation. 


Amiodarone-induced thyrotoxicosis has two forms: iodine-induced hyperthyroidism (type 1) and 
destructive thyroiditis (type 2). Type 1 thyrotoxicosis is more commonly seen in iodine-deficient 
areas, and type 2 generally occurs in iodine-sufficient regions, such as the United States. In 
practice, the distinction can be difficult to make. The types cannot be distinguished by changes 
on thyroid function testing alone; for example, the high iodine load associated with type 1 
iodine-induced hyperthyroidism may result in low radioactive iodine uptake, as is seen in type 2 
thyroiditis. Ultrasonography of the thyroid gland with color-flow Doppler imaging has shown 
promise in that it can distinguish the high vascular flow pattern of type 1 amiodarone-induced 
thyrotoxicosis from the low vascular flow pattern of type 2. 


The management of amiodarone-induced thyrotoxicosis can be very complex and should be 
handled by an endocrinologist. When possible, discontinuation of amiodarone should be 
considered, although this is often not possible from a cardiac perspective. Because amiodarone 
reduces T; to T3 conversion, T3 levels may appear lower than expected; levels typically increase 
after discontinuing the drug. First-line therapy for amiodarone-induced thyrotoxicosis is 
antithyroidal drugs for type 1 and prednisone for type 2. In practice, both drug types may be 
needed to effectively control amiodarone-induced thyrotoxicosis for patients in whom a clear 
distinction between subtypes is not possible. 
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Subclinical Hyperthyroidism 


Subclinical hyperthyroidism is defined as the presence of a suppressed serum TSH level with 
concomitant T4 and T; levels within the reference range. Symptoms of hyperthyroidism are 
usually mild, and many patients are asymptomatic. Radioactive iodine uptake typically is within 
the reference range in patients with subclinical hyperthyroidism, and thyroid scan findings are 
consistent with the underlying cause (Graves disease, autonomously functioning thyroid nodule, 
multinodular goiter). There has been substantial debate about the appropriate therapy for 
subclinical hyperthyroidism, especially because of the paucity of symptoms and spontaneous 
normalization of TSH levels seen with serial follow-up. However, recent data have increasingly 
raised concern about the potential negative effects of persistent mild thyrotoxicosis on the heart, 
bones, and central nervous system. Consensus exists for intervention when the TSH level is less 
than 0.1 uU/mL (0.1 mU/L) or when patients are convincingly symptomatic. Debate still 
surrounds the management of less suppressed TSH levels, although recent data indicate an 
increased risk of atrial fibrillation when the TSH level is below 0.3 uU/mL (0.3 mU/L). In 
patients with unclear findings, the use of antithyroidal drugs is a reasonable first step to gauge 
the response to normalization of the TSH level. More definitive therapy can be pursued later if a 
positive response is observed. 
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Hypothyroidism 


Hypothyroidism is a common disorder with a higher prevalence in women than men (2% versus 
0.2%) and in persons with other underlying autoimmune diseases. Hashimoto thyroiditis is the 
most frequent cause, followed distantly by iatrogenic hypothyroidism, which can occur after 
radioactive iodine ablation for Graves disease, external-beam radiation to the thyroid bed, or 
surgical removal of the thyroid gland. Certain medications, such as lithium carbonate, interferon 
alfa, interleukin 2, and amiodarone, also can cause hypothyroidism. Pituitary tumors and/or 
pituitary surgery can cause central hypothyroidism. Congenital forms of hypothyroidism, such as 
thyroid agenesis or dyshormonogenesis (a genetic defect in the synthesis of thyroid hormone), 
constitute rarer causes of hypothyroidism. Celiac disease also can be associated with inadequate 
levothyroxine absorption and resultant increased levothyroxine dosing requirements in patients 
with established hypothyroidism. Clinical manifestations of hypothyroidism include fatigue, 
reduced endurance, weight gain, cold intolerance, constipation, impaired concentration and 
short-term memory, dry skin, edema, mood changes, depression, psychomotor retardation, 
muscle cramps, myalgia, and menstrual changes, such as menorrhagia. Physical examination 
findings include a reduced basal temperature, diastolic hypertension, a possibly enlarged thyroid 
gland, bradycardia, pallor, dry and cold skin, brittle hair, hoarseness, and a delayed recovery 
phase of deep tendon reflexes. Results of laboratory studies can confirm hypothyroidism (Table 
15). Although serum T; levels are helpful, T; levels are generally not needed. The presence of 
anti-thyroid peroxidase antibodies suggests Hashimoto thyroiditis as the cause of 
hypothyroidism and is associated with an increased risk of overt hypothyroidism of 4% per year. 
Thyroid imaging is not required unless concurrent thyroid nodules are suspected on physical 
examination. 


The mainstay of thyroid hormone replacement is levothyroxine therapy, which should always be 
taken on an empty stomach | hour before or 2 to 3 hours after intake of food or other 
medications. Although much attention has recently been focused on therapy with liothyronine or 
combination T3/T, therapy using either thyroid hormone extract or synthetic T3/T4 combinations, 
most evidence to date shows no clinical advantage of combined T/T; therapy over traditional 
levothyroxine treatment. Available T3 preparations have a short half-life and can be associated 
with acute spikes in serum T3 levels, which are of particular concern in elderly patients or 
patients with cardiac abnormalities. 


Data from recent studies, including NHANES III, are challenging the validity of the traditional 
TSH reference range of 0.5 to 5.0 uU/mL (0.5 to 5.0 mU/L). When patients with a family history 
of thyroid disease or the presence of thyroid antibodies are excluded from the reference 
population, the TSH normal range appears to be more narrow (0.5-2.5 wU/mL [0.5-2.5 mu/L]). 
Therefore, a target range of approximately 1.0 to 2.5 uU/mL (1.0 to 2.5 mU/L) seems 
appropriate for patients with defined thyroid disease receiving replacement levothyroxine. 
Whether patients without known thyroid disease or risk factors whose serum TSH levels are 
between 2.5 and 5.0 uU/mL (2.5 and 5.0 mU/L) should be treated remains less clear, especially 
older patients. At least one study indicated that patients age 80 years and older with subclinical 
or overt hypothyroidism are more likely to survive to age 89 than their contemporaries with 
normal or low serum TSH values. 


Table 15. Classic Test Result Patterns in Hypothyroidism 


Hashimoto Subclinical SAT Postpartum Central Reference 
Thyroiditis Hypothyroidism Recovery Thyroiditis Hypothyroidism Range 
Phase Hypothyroid 
Phase 

TSH ¢ tT tT tT {/Normal 0.5-5.0 

uU/mL 

(0.5-5.0 

mU/L) 


FT, Normal/| = Normal Normal/| Normal/| {/Normal 0.9-2.4 
ng/dL 
(11.61-31 
pmol/L) 


FT; Normal/} Normal Normal/| Normal/| Normal/| 3.6-5.6 
ng/L 
(5.6-8.6 
pmol/L) 


TPO + +/- = + = <35 U/mL 
Ab 
TG +- +/- +/- +/- = <20 U/mL 
Ab 


Ab = antibody; FT; = free triiodothyronine; FT4 = free thyroxine; SAT = subacute thyroiditis; 
TG = thyroglobulin; TPO = anti-thyroid peroxidase antibody; TSH = thyroid-stimulating 
hormone; | = decreased; fî = increased; + = present; - = absent. 
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Subclinical Hypothyroidism 


Subclinical hypothyroidism is defined by the presence of an elevated serum TSH level with 
concomitant T, and T; levels in the reference range. Patients typically have mild or no symptoms 
of hypothyroidism. The potential causes of subclinical hypothyroidism are the same as for overt 
hypothyroidism. Evidence suggests that patients with subclinical hypothyroidism also have mild 
elevations in total cholesterol, LDL-cholesterol, and even C-reactive protein levels, and some 
recent meta-analyses have shown an increased risk for atherosclerosis and cardiac events. 
However, no data support treatment with levothyroxine to reverse or improve outcomes for these 
risks. Consensus does exist for treatment of patients with serum TSH levels greater than 10 
uU/mL (10 mU/L). Additionally, many advocate a lower threshold for institution of 
levothyroxine therapy in patients with anti-thyroid peroxidase antibodies, a strong family history 
of thyroid disease, a goiter (or signs of thyroid failure), or pregnancy. 
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Structural Disorders of the Thyroid Gland 


The primary structural disorders of the thyroid gland are nodules, goiters, and cancers. Rarer 
aberrant or ectopic structural disorders include agenesis, hemiagenesis, substernal and lingual 
abnormalities, and struma ovarii. 


PreviousNext 


Thyroid Nodules 


The prevalence of palpable thyroid nodules is 4% to 7% and of thyroid nodules detected on 
ultrasounds is 20% to 65%. An increasing number of thyroid nodules are detected incidentally on 
imaging tests performed for unassociated reasons. Nodules are more common with aging and 
occur more frequently in women. The differential diagnosis of thyroid nodules is varied (Table 
16). The cancer risk for a thyroid nodule is 5% to 10%. Because most thyroid nodules are 
benign, the clinician’s focus is to accurately identify malignant lesions in the most efficient and 
cost-effective manner possible (Figure 7). Factors associated with increased cancer risk include 
extremes of age (<20 or >60 years), male sex, a history of head or neck irradiation, a family 
history of thyroid cancer (especially medullary thyroid cancer), rapid nodule growth, and 


hoarseness. Nodule pain is uncommon and is more often associated with benign than malignant 
processes. Findings of a hard nodule (or nodules), local cervical lymphadenopathy, fixation to 
adjacent tissue, and vocal cord paralysis increase the risk of cancer. 


Limited laboratory testing is typically required in the workup of a thyroid nodule. Beyond a 
routine complete blood count and serum chemistry panel, the serum TSH level should be 
measured because the result will help guide the workup. Concomitant measurement of the serum 
free T; level is also reasonable if patients have thyroid-related symptoms. Measurement of 
thyroid antibodies is unnecessary unless there is a clinical suspicion of autoimmune thyroid 
disease. Presently in the United States, routine calcitonin measurement is not recommended but 
should be considered in patients with hypercalcemia or a family history of thyroid cancer or 
multiple endocrine neoplasia type 2. Although measurement of the thyroglobulin level is an 
excellent thyroid cancer marker in patients who have undergone thyroidectomy or radioactive 
iodine ablation, it is not useful in patients with an intact thyroid gland. 


Thyroid ultrasonography is most useful in the evaluation of thyroid nodules. Not only does it 
allow for accurate detection and sizing of all nodules on the thyroid gland, but ultrasound 
characteristics can be used to further delineate cancer risk (Table 17). Additional characteristics 
worrisome for malignancy include a size greater than 3 cm, speckled calcification within the 
nodule, and high intravascular flow in the nodule’s center. Nodules with a surrounding 
hypolucency (halo) or peripheral vascular flow are less concerning. Ultrasound findings have a 
reasonable specificity for thyroid cancer but a poor sensitivity, so they cannot by themselves be 
used to determine the presence or absence of cancer. CT and MRI are not routinely used but may 
sometimes be appropriate, as in the presence of a substernal goiter, cervical lymphadenopathy, or 
tracheal deviation. A thyroid scan and radioactive iodine uptake test are appropriate in the 
context of a suppressed serum TSH level because a toxic nodule or multinodular goiter may be 
present. Because such hyperfunctional nodules rarely harbor cancer (<1%), their previously 
discussed workup and management are far different. 


Fine-needle aspiration, performed either by nodule palpation or under ultrasonographic guidance, 
is essential in the evaluation of thyroid nodules. In the hands of a trained physician, this 
procedure is a simple and relatively inexpensive method of determining the presence of 
malignancy. Sensitivity is approximately 90% to 95%, with a false-negative rate of 1% to 11%. 
Because a potential sampling error is of concern with large nodules (>3 cm), resampling of such 
nodules at a future time is prudent, even if the nodule remains stable in size. Papillary thyroid 
cancer, when present, is often diagnosed at the time of the fine-needle aspiration. However, one 
cannot know if a follicular neoplasm is benign or malignant without histiologic examination to 
determine if the nodule capsule demonstrates vascular and/or capsular invasion. Therefore, 
surgical removal of the nodule is required, generally by lobectomy. Some management 
guidelines stipulate that a nodule found to be “hot” on a thyroid scan can instead be monitored if 
a previous cytologic study reported it as a follicular neoplasm. Benign nodules on cytologic 
examination can be monitored, whereas suspicious or malignant nodules require surgical 
removal. Surgical complications of thyroidectomy include hypoparathyroidism and recurrent 
laryngeal nerve paresis. The lowest complication rates are associated with thyroid surgery 
performed by experienced thyroid surgeons at large-volume medical centers. Levothyroxine 
therapy was previously used in an attempt to shrink thyroid nodules, but this practice has largely 


been abandoned because of inefficacy. Ethanol injection and radiofrequency treatment of 
nodules also have been advocated in a few reports, but their usefulness is debatable. 


According to several guidelines on the management of thyroid nodules, biopsy of any nodule 
greater than | cm in diameter is reasonable, and biopsy of smaller nodules should be considered 
in patients with risk factors, such as a history of radiation exposure, a family history of thyroid 
cancer, cervical lymphadenopathy, or worrisome ultrasound characteristics. Patients require 
serial follow-up even when results of the initial biopsy show a benign nodule. Repeat fine-needle 
aspiration is appropriate when the initial sample proves insufficient or when there has been 
interval nodule growth (50% by volume) or development of concerning ultrasound 
characteristics. 


Thyroid 


nodule/MNG 


Low TSH level? 
Yes No 


Thyroid scan Thyroid 
and RAIU ultrasound 


Select nodule(s) 
for FNA 


Follicular Malignant/ 


Benign Insufficient neoplasm suspicious 


Serial Repeat FNA 
follow-up (ultrasound- 
guided) Surgery 


Figure 7. Evaluation of a thyroid nodule. 


Algorithm showing the suggested evaluation of a thyroid nodule. 


FNA = fine-needle aspiration; MNG = multinodular goiter; RAIU = radioactive iodine uptake; 
TSH = thyroid-stimulating hormone. 


Table 16. Differential Diagnosis of Thyroid Nodules 


Diagnosis 
Benign 
Thyroid nodule 


Thyroglossal duct 
cyst 

Pyramidal lobe of 
thyroid 

Lipoma 

Dermoid cyst 
Teratoma 


Branchial cyst 
Cervical 
lymphadenopathy 


Malignant 
Thyroid cancer 


Thyroid lymphoma 


Metastatic carcinoma 


Sarcoma 


Notes 


Adenomatoid hyperplasia, colloid nodule, adenomatoid nodule, follicular 
or Hiirthle cell adenoma, and hylanizing trabecular adenoma 


Midline cystic mass at level of hyoid bone; moves upward with protrusion 
of the tongue; may become infected; rarely malignant 


Cephalad projection of thyroid tissue from isthmus; may be palpable in 
autoimmune thyroid disease 


Benign focal subcutaneous accumulation of fat 
Soft mass in the suprasternal notch 


Type of germ cell tumor possibly containing several different types of 
tissue (such as hair, muscle, and bone); mediastinal location at times 


Soft, lateral neck mass anterior to upper third of sternocleidomastoid 
muscle; usually seen in adults; cholesterol crystals in cyst fluid 


Possibly benign or may be associated with malignancy, including thyroid 
cancer 


Primary thyroid cancer 

Papillary (variants: follicular, diffuse sclerosing, columnar, tall cell) 
Follicular (variants: Hiirthle cell [oncocytic]) 

Medullary 

Anaplastic 


Enlarging, firm neck mass; often bilateral; classically seen in older women 
with a history of Hashimoto thyroiditis 


Metastases of other primary carcinoma to thyroid (breast, melanoma, 
kidney) 
Tumors usually arising from connective tissue, with most being malignant 


Table 17. Ultrasound Characteristics of Thyroid Nodules 


Cancerous Nodules Benign Nodules 
Microcalcifications Comet tail 
Increased central nodule vascularity Increased peripheral nodule vascularity 


Hypoechogenicity Hyperechogenicity 
Irregular border Halo present 
Taller than wide (sagittal view) Pure cyst 
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Incidentalomas 


Incidental thyroid nodules, commonly referred to as incidentalomas, are often encountered 
during the course of patient evaluation with carotid artery ultrasonography, CT or MRI of the 
neck or carotid arteries, and, most recently, '*F-fluoro-2-deoxy-D-glucose positron emission 
tomography ('8EDG-PET). Overall, incidentally found thyroid nodules have a cancer risk similar 
to that of nodules presenting clinically, except for 'SFDG-positive nodules, which harbor a 14% 
to 50% cancer risk. Because many patients undergo '*FDG-PET scanning for cancer 
surveillance, focal thyroid uptake may indicate a metastasis from an already diagnosed cancer. 
Diffuse FDG uptake suggests benign thyroid conditions and is generally not concerning for 
cancer. The workup and management of incidentally found thyroid nodules are guided by the 
same principles used for palpable nodules. 
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Goiters 


e Miultinodular Goiter 
e Simple Goiter 
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Multinodular Goiter 


Multinodular goiters occur more frequently with advancing age, low iodine intake, and 
Hashimoto disease. In recent series, the cancer risk was similar for a thyroid gland with a solitary 
nodule or with multiple nodules (approximately 5%-9%). Multinodular goiters are associated 
with hypothyroidism, hyperthyroidism, and, most commonly, a euthyroid state. Multiple nodules 
are generally assessed similarly to solitary nodules, with nodule size and ultrasound 
characteristics used to select the nodules to be biopsied. As with solitary thyroid nodules, 
multinodular goiters require serial follow-up to check for significant nodule growth (50% by 


volume) or new worrisome ultrasound findings; repeat biopsy may be necessary. Large 
multinodular goiters, especially those with a substernal extension, may present with local 
symptoms, such as dysphagia, hoarseness, or even dyspnea. Barium swallow, direct vocal cord 
visualization and/or spirometry with flow volume loops, and chest CT may be used to quantify 
the severity of any mass effect. As with solitary nodules, the use of levothyroxine to suppress 
TSH secretion and thereby reduce goiter size is generally not helpful and not routinely 
recommended. Radioactive iodine can be used in select circumstances to shrink a multinodular 
goiter but is generally not a first-line option except in patients with thyrotoxicosis due to 
autonomous function. Thyroid surgery is indicated when local symptoms are prominent, 
malignancy is suspected, or cosmetic intervention is desired by the patient. 
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Simple Goiter 


Simple goiter is defined as the presence of an enlarged thyroid gland without nodules. Simple 
goiters can be homogeneous or heterogeneous. Dyshormonogenesis is an occasional cause of 
simple goiter. Patients with asymptomatic, stable simple goiters can be serially monitored. 
Goiters exhibiting serial growth may stabilize or even be reduced in size with levothyroxine 
given at dosages that keep the TSH level in the low-normal range. In patients with concomitant 
autoimmune thyroid disease, thyroid antibodies may be measurable. Although rare, primary 
thyroid lymphoma, which is more likely to occur in patients with Hashimoto thyroiditis, can 
present as a rapidly enlarging goiter, usually with a very firm texture. 


PreviousNext 


Thyroid Cancer 


Recent data from the Surveillance, Epidemiology, and End Results (SEER) program indicate an 
increase in the incidence of thyroid cancer in the United States, although it is unclear whether 
this has resulted from increased detection or increased disease occurrence. See MKSAP 15 
Hematology and Oncology for a discussion of thyroid cancer. 
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Medications That Alter Thyroid Function 


Many medications can affect thyroid hormone status (Table 18) and alter thyroid hormone levels 
in various ways, including inhibition and reduction of TSH synthesis and release, alteration in 
the thyroxine-binding globulin level (either increase or decrease), displacement of thyroid 
hormone from binding globulins, decrease in T4 to T3 conversion, enhanced clearance of thyroid 
hormone, interference with gastrointestinal absorption and/or enterohepatic circulation, and 


induction of thyroiditis. Some alterations affect thyroid status to the point of causing 
hypothyroidism or thyrotoxicosis, as previously discussed. At other times, patients may remain 
euthyroid, but the alterations complicate the interpretation of thyroid function test results. As 
Table 18 suggests, several drugs can affect thyroid function by more than one mechanism. When 
one of these drugs is discontinued, the response in thyroid function has to be monitored as the 
drug’s effect diminishes. Additionally, conditions such as celiac disease and malabsorption from 
various causes (including certain bariatric procedures) also can be associated with inadequate 
levothyroxine absorption and resultant hypothyroidism. 


Table 18. Medications with Effects on Thyroid Function 


Inhibition of thyroid-stimulating hormone synthesis or release 
Bexarotene Dopamine 

Corticosteroids? Octreotide 

Decreased thyroid hormone synthesis or release 


Iodine Potassium perchlorate 
Lithium’ Propylthiouracil? 
Methimazole 


Decreased conversion of total thyroxine to total triiodothyronine 
Amiodarone? Propranolol (high doses) 
Corticosteroids? Propylthiouracil? 
Ipodate/iopanoic acid 

Decreased thyroxine-binding globulin 


Androgen therapy Corticosteroids? 
L-Asparaginase Niacin 
Increased thyroxine-binding globulin 

Estrogen Raloxifene 
5-Fluorouracil Tamoxifen 


Heroin, methadone 
Enhanced metabolic clearance rate of thyroid hormone 


Carbamazepine’ Rifampin 
Phenobarbital Sertraline” 

Phenytoin* 

Displacement of thyroid hormone from binding proteins 
Aspirin Heparin 
Carbamazepine? Phenytoin* 
Furosemide Salsalate 


Drugs inhibiting absorption or enterohepatic circulation 
Aluminum hydroxide Psyllium 
Calcium Raloxifene 


Cholestyramine/colestipol Soybean oil 
Iron Sucralfate 
Proton pump inhibitors 

Drugs causing thyroiditis 

Amiodarone? Interleukin 2 
Interferon alfa Lithium’ 


“Drugs with more than one mechanism of interaction. 


"Data to date are very suggestive but limited in number. 
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Effects of Nonthyroidal Illness on Thyroid Function Tests 


Severe nonthyroidal illness can alter the results of thyroid function tests, an effect referred to as 
the euthyroid sick syndrome. Most commonly, T3 levels decline sharply, whereas reverse T3 
levels increase. T, levels typically remain relatively unchanged, but low levels have been 
reported in some patients with prolonged severe illness. The TSH response is less consistent, 
with low, normal, and elevated levels reported. These changes appear related to cytokines and 
various other mediators of inflammation. The thyroid hormone patterns associated with 
nonthyroidal illness appear to be an adaptive response to mitigate catabolism associated with 
severe stress. As such, intervention with thyroid hormone therapy has not proved beneficial and 
is not indicated. Thyroid hormone levels typically normalize 4 to 8 weeks after recovery from the 
illness. 
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Thyroid Function and Disease in Pregnancy 


Abnormalities in thyroid function during pregnancy can profoundly affect the health of both 
mother and fetus. The increase in estrogen causes an increase in thyroxine-binding globulin. To 
keep the free T, level stable, extra T, is required, either by increased production or—in patients 
on thyroid hormone replacement therapy—an increase in the levothyroxine dosage (as much as 
35% to 50% during the first or second trimester). In areas of iodine sufficiency, such as the 
United States, thyroid size tends to remain stable during pregnancy. In contrast, an increase in 
thyroid size of approximately 30% can occur during pregnancy in iodine-deficient regions. 
Additionally, the B-subunit of human chorionic gonadotropin can stimulate thyroid hormone 
production via cross-reactivity with the TSH receptor. Serum TSH levels may drop to low- 
normal or even below-normal ranges in the first trimester and then slowly rise back to normal by 
16 weeks’ gestation. Total Ty levels increase to approximately 1.5 times the normal range, 


whereas the normal range for free T4 tends to be lower as pregnancy progresses. If using free T4 
levels to monitor thyroid function during pregnancy, an assay with trimester-specific normal 
ranges should be used. A direct-dialysis free T4 assay is preferred in this setting. 


During the first 12 weeks of gestation, the fetus is very dependent on transplacental transfer of 
maternal thyroid hormone. Fetal thyroid tissue is not functional until 10 to 12 weeks of gestation. 
Several studies have indicated that maternal and/or fetal thyroid hormone deficiency can 
negatively affect fetal neurocognitive development. Therefore, women on thyroid replacement 
therapy should have their thyroid hormone status monitored frequently during pregnancy, and 
adjustments in dosage should be made promptly with timely repeat thyroid function testing to 
assess effect. Presently, debate exists on the value of general prenatal maternal screening of 
thyroid function. At a minimum, thyroid function tests should be obtained in patients with strong 
risk factors for thyroid disease, and close monitoring is required in those with a known history of 
a thyroid disorder. 


Because some symptoms of thyrotoxicosis overlap with symptoms of normal pregnancy 
(tachycardia, heat intolerance, fatigue), changes in thyroid function test results that are associated 
with pregnancy may be difficult to distinguish from underlying hyperthyroidism. This problem is 
compounded because some traditional diagnostic techniques, such as thyroid scans and 
radioiodine uptakes tests, are contraindicated during pregnancy to avoid radiation exposure of 
the fetus. The presence of a moderate goiter, ophthalmopathy, or TSH receptor antibodies can 
help indicate the presence of Graves disease. Whereas human chorionic gonadotropin—mediated 
TSH receptor stimulation tends to resolve by 12 to 16 weeks’ gestation, primary thyroid disease 
changes persist longer, albeit with some improvement. Although both antithyroidal medications 
(propylthiouracil and methimazole) can be used safely in pregnancy, propylthiouracil is 
generally preferred during the first trimester because of the potential negative effects of 
methimazole on embryogenesis. Propylthiouracil dosages should be maintained at less than 300 
to 450 mg/d. The goal of antithyroidal drug therapy during pregnancy is to keep the serum TSH 
level slightly suppressed and the free Ty level in the high-normal range to avoid the deleterious 
effects of overtreatment, such as fetal hypothyroidism and goiter. Selective B-blockers can be 
used sparingly when required but are best avoided because of the risk of fetal bradycardia. 
Thyroid surgery can be performed in the second trimester when absolutely necessary. However, 
it is rarely indicated and is reserved for special circumstances, such as a patient who is unable to 
tolerate antithyroidal drugs or who achieves inadequate control on medical therapy. Radioactive 
iodine is not an option during pregnancy or during subsequent lactation; iodine on 
concentrates in breast milk and has half-life of 8 days. 
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Thyroid Emergencies 


Although most thyroid conditions are nonurgent, thyroid storm and myxedema coma are life- 
threatening conditions that require prompt diagnosis and intervention. 
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Thyroid Storm 


Thyroid storm is a severe manifestation of thyrotoxicosis associated with amplified signs and 
symptoms coupled with secondary systemic decompensation. Although reported to occur with 
many causes of thyrotoxicosis, thyroid storm most commonly occurs in Graves disease and, 
therefore, has a higher frequency in younger women. An underlying precipitating condition is 
commonly present, such as surgery, infection or sepsis, trauma, myocardial infarction, 
pulmonary embolism, diabetic ketoacidosis parturition, acute iodine exposure, radioactive iodine 
Cp therapy, or ingestion of medications, including salicylates and pseudoephedrine. Potential 
symptoms include the full spectrum of those seen in thyrotoxicosis. These can be quantified 
using well known scoring systems for gauging the severity of thyrotoxicosis and for diagnosing 
thyroid storm (Table 19). 


Treatment of thyroid storm should reduce thyroid hormone production/secretion by the thyroid 
gland, decrease peripheral conversion of T4 to bioactive T3, address associated adrenergic and 
thermoregulatory changes, treat all precipitating factors, and aggressively reverse any systemic 
decompensation. Once the patient is stable, definitive therapy of the causative thyroid disorder 
should begin. Therapeutic interventions include a combination of antithyroidal drugs 
(propylthiouracil or methimazole), iodine-containing products, corticosteroids, §-blockers, and, 
less frequently, lithium and resin binders (Table 20). Propranolol and propylthiouracil have the 
added benefit over atenolol and methimazole of reducing T4 to T3 conversion. Additionally, 
cooling blankets and acetaminophen can be used to reduce increased core body temperature. 
Even with aggressive appropriate therapy, however, mortality rates can still be as high as 15% to 
20%. 


Table 19. Point Scale for the Diagnosis of Thyroid Storm 


Thermoregulatory Dysfunction 


Temperature Points 
37.2-37.7 °C (99.0-99.9 °F) 5 
37.8-38.3 °C (100.0-100.9 °F) 10 
38.4-38.8 °C (101.0-101.9 °F) 15 
38.9-39.3 °C (102.0-102.9 °F) 20 
39.4-39.9 °C (103.0-103.9 °F) 25 
>40 °C 104.0 °F) 30 
Cardiovascular 

Tachycardia (beats/min) Points 
100-109 5 
110-119 10 


120-129 15 


130-139 20 


>140 25 
Atrial fibrillation Points 
Absent 0 
Present 10 
Heart failure Points 
Absent 0 
Mild 5 
Moderate 10 
Severe 20 
Gastrointestinal-Hepatic Dysfunction 
Manifestation Points 
Absent 0 
Moderate (diarrhea, abdominal pain, nausea/vomiting) 10 
Severe (jaundice) 20 
Central Nervous System Disturbance 
Manifestation Points 
Absent 0 
Mild (agitation) 10 
Moderate (delirium, psychosis, extreme lethargy) 20 
Severe (seizure, coma) 30 
Precipitant History 
Status Points 
Positive 0 
Negative 10 
Scores Totaled 
Diagnosis Points 
Thyroid storm >45 
Impending storm 25-44 
Storm unlikely <25 


Adapted with permission from Burch HB, Wartofsky L. Life-threatening thyrotoxicosis. Thyroid 
storm. Endocrinol Metabol Clin North Am. 1993;22(2):263. [PMID:8325286] Copyright 1993, 
with permission from Elsevier. 


Table 20. Treatment of Thyroid Storm 


Medication Comments 
Inhibition of hormone production 


Propylthiouracil Inhibits T4 to T; conversion 


Methimazole Does not block T4 to T; conversion; typically an alternative to 
propylthiouracil 


Inhibition of hormone release 


Iodine-potassium solutions Begun >1 h after first antithyroidal drug 
(SSKI, Lugol) 
B-Adrenergic blockers 


Propranolol Inhibits T4 to T3 conversion at higher doses (>240 mg) 
Atenolol Cardioselective 
Esmolol Can be considered in patients with heart failure; allows active 


dose titration 
Supportive therapies 


Hydrocortisone Inhibits T, to T} conversion; used with possible adrenal 
insufficiency or hypotension 


Acetaminophen Decreases hyperthermia 


SSKI = saturated solution of potassium iodide; T; = triiodothyronine; T4 = thyroxine. 
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Myxedema Coma 


Myxedema coma is an extreme manifestation of hypothyroidism, to the point of systemic 
decompensation. This thyroid emergency can be life-threatening, especially without prompt 
diagnosis and treatment. Myxedema coma tends to occur more often in women than men and in 
elderly patients and tends to occur during periods of cold weather. Occurrence in patients with a 
history of antecedent thyroid disease predisposing to hypothyroidism is common. Primary 
hypothyroidism accounts for greater than 95% of all occurrences, but episodes in patients with 
central hypothyroidism also have been reported. Common precipitating factors include 
hypothermia, stroke, heart failure, infection, metabolic disturbances, trauma, gastrointestinal 
bleeding, acidosis, hypoglycemia, and hypercalcemia. Patients taking certain medications, 
including anesthetics, sedatives, tranquilizers, narcotics, amiodarone, and lithium, are likewise 
more at risk for myxedema coma. 


Mental status changes and hypothermia (temperature less than 34.4 °C [94.0 °F]) are hallmark 
findings of myxedema coma, with hypothermia occurring in 88% of patients. Additional 
common findings are hypoxemia (80% of patients) and hypercapnia (54% of patients). The 
combination of mental status changes, hypothermia, hypoventilation, and hyponatremia in a 
patient whose clinical picture is consistent with hypothyroidism strongly suggests the diagnosis 
of myxedema coma. The mortality rate from myxedema coma has decreased over the past 20 
years from approximately 50% to 20%. Elderly patients tend to do worse, as do those with 


evidence of severe illness (high Acute Physiology and Chronic Health Evaluation [APACHE] 
Scale score, low Glasgow Coma Scale score). 


Controversy exists regarding the most efficacious thyroid hormone replacement regimen to use 
for myxedema coma. Traditionally, intravenous levothyroxine has been administered, with an 
initial bolus of 200 to 500 ug followed by daily doses between 50 and 100 ug until transition to 
oral administration is feasible. Supplementation with liothyronine (oral or intravenous, if 
available) at doses between 2 and 10 ug twice daily has been advocated, but definitive benefit is 
still unproved. If liothyronine is used, it should be administered in lower doses and in 
combination with levothyroxine (Table 21). As with thyroid storm, all underlying precipitating 
conditions must be addressed. 


Table 21. Treatment of Myxedema Coma 


Levothyroxine, 100 mg and 500 mg vials 

Initial 100-600 ug IV bolus (4 ug/kg lean body weight) 
Follow-up with 50-100 ug IV until conversion to PO replacement 
Liothyronine, 5 and 25 ug PO or 10 ug/mL IV 

Consider 10 ug/mL IV or 10 ug PO every 8-12 h 

Use with extreme caution (best avoided in elderly patients and those with cardiac disorders) 
If used, give in conjunction with levothyroxine therapy 

Admit to monitored ward, such as a medical intensive care unit 
Treat underlying precipitants and complications 

Consider CVP line for volume repletion monitoring 

Consider empiric antibiotic therapy after panculture 

Carefully adjust dosing for all medications 

Hydrocortisone, 50-100 mg IV every 6-8 h, until patient is stable 


CVP = central venous pressure; IV = intravenously; PO = oral(ly). 
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Disorders of the Adrenal Glands 


Adrenal Insufficiency 


Cushing Syndrome 
Adrenal Incidentaloma 


Pheochromocytoma 
Primary Hyperaldosteronism 
Adrenocortical Carcinoma 


Key Points 


Central or secondary adrenal insufficiency results from loss of adrenocorticotropic 
hormone secretion from either chronic exogenous corticosteroid use or 
hypothalamic/pituitary diseases. 

The diagnosis of primary adrenal insufficiency is suspected when the serum cortisol level 
is low and the adrenocorticotropic hormone level is high; the plasma aldosterone level is 
also low in primary disease but not in central (or secondary) adrenal insufficiency. 
Therapy for primary adrenal insufficiency includes corticosteroid therapy 
(hydrocortisone, prednisone, or dexamethasone), mineralocorticoid replacement 
(fludrocortisone), and (occasionally) adrenal androgen therapy (in women); therapy for 
central or secondary adrenal insufficiency involves corticosteroids alone at appropriate 
dosages. 

Cushing syndrome occurs after prolonged exposure to endogenous or, more commonly, 
exogenous corticosteroids; its diagnosis involves confirmation of persistent 
hypercortisolism associated with poor cortisol suppressibilty with dexamethasone. 
Adrenocorticotropic hormone-—independent hypercortisolism is frequently due to a 
cortisol-producing adrenal tumor that is biochemically characterized by an elevated 
serum cortisol level associated with a suppressed adrenocorticotropic hormone level. 


e The most appropriate treatment of Cushing syndrome is often surgery; for patients with 
adrenocorticotropic hormone-secreting pituitary adenomas, pituitary adenomectomy is 
appropriate therapy. 

e Assessment of incidentally discovered adrenal masses should determine the nature of the 
mass (benign versus malignant) and its tissue of origin (primary versus metastatic). 

e Evaluation of an adrenal incidentaloma includes clinical assessment for signs of 
malignancy and adrenal function, assessment of the imaging characteristics of the mass 
(and of the other adrenal gland), and screening tests for possible increased hormone 
secretion. 

e All functioning tumors and those larger than 6 cm in diameter should be considered for 
surgical removal; nonfunctioning tumors smaller than 4 cm are often followed, and those 
measuring 4 to 6 cm can be either surgically removal or clinically observed. 

e Pheochromocytoma can be diagnosed by measuring the plasma level and urinary 
excretion of catecholamines or their metabolites. 

e -Blocker therapy should be avoided in patients suspected of having pheochromocytoma 
until they receive adequate a-adrenergic blocker therapy. 

e Treatment of pheochromocytoma involves laparoscopic adrenalectomy after appropriate 
preparation with a-adrenergic blocking agents and reasonable control of blood pressure. 

e An aldosterone-to-renin ratio greater than 20 is highly suggestive of primary 
hyperaldosteronism. 

e Confirmation of biochemically established hyperaldosteronism requires documentation of 
nonsuppressibilty of elevated aldosterone secretion after high salt (oral or intravenous) 
intake. 

e Primary hyperaldosteronism caused by a solitary aldosterone-secreting adenoma is best 
treated surgically; bilateral adrenal hyperplasia is best managed medically with an 
aldosterone-receptor blocking agent. 

e The typical manifestations of adrenocortical carcinoma include clinical evidence of 
increased hormone secretion (such as cortisol) or mechanical symptoms caused by a 
rapidly growing mass. 

e Surgical resection is the best therapeutic option for adrenocortical carcinomas and is best 
followed by use of mitotane. 
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Adrenal Insufficiency 


Adrenal insufficiency refers to the many clinical features associated with partial or complete loss 
of secretion of adrenal corticosteroids. Diseases of the adrenal glands themselves, such as 
autoimmune adrenalitis, lead to primary adrenal insufficiency, in which secretion of all adrenal 
corticosteroids (aldosterone, cortisol, dehydroepiandrosterone [DHEA], and DHEA sulfate) is 
impaired. In contrast, central or secondary adrenal insufficiency is caused by loss of 
adrenocorticotropic hormone (ACTH) secretion, which leads to decreased production of ACTH- 
dependent corticosteroids (cortisol, DHEA, and DHEA sulfate). The clinical manifestations of 
adrenal insufficiency are subtle (Table 22) but become more apparent at times of increased 
stress, which is associated with a higher need for corticosteroids. 


Common causes of primary and central adrenal insufficiency are shown in Table 23. Exogenous 
corticosteroid administration at supraphysiologic dosages for the treatment of various illnesses 
suppresses ACTH secretion, which leads to central or secondary adrenal insufficiency when such 
therapy is discontinued. This is the most common cause of central adrenal insufficiency. The 
suppressive effects of exogenous corticosteroids on ACTH secretion are influenced by the 
structure of the corticosteroid used, its dose, and the duration of therapy. Corticosteroids with a 
long biologic half-life (such as dexamethasone) suppress ACTH secretion more than others with 
a shorter half-life (such as hydrocortisone). 


The time of administration of exogenous corticosteroids has a greater role than does the 
delivered dose in causing suppression of the hypothalamic-pituitary-adrenal (HPA) axis. For 
example, even a small amount of prednisone, the most commonly used agent, given at night can 
cause suppression of the HPA axis because it will prevent the physiologic early morning increase 
in the ACTH level. In contrast, higher doses given once daily between 9 and 10 AM are less 
likely to suppress the HPA axis, even after prolonged administration. Although individual 
patients’ responses to exogenous corticosteroids vary, a morning measurement of the serum 
cortisol level obtained before scheduled dosing will generally confirm this lack of suppression. 
On the other hand, patients given multiple daily doses of corticosteroids are likely to have a 
suppressed HPA axis for 8 to 12 months. To minimize suppression of the HPA axis, physicians 
should (whenever possible) administer the smallest amount of corticosteroid possible as a single 
dose in the morning. 


The diagnosis of adrenal insufficiency should be suspected in patients with suggestive 
symptoms, especially those at increased risk (see Table 23). The diagnosis relies on 
demonstrating a low basal serum cortisol level that does not increase appropriately after 
stimulation with the ACTH analogue cosyntropin. Random serum cortisol levels vary, depending 
on the time of day and the degree of stress encountered at the time of measurement. Available 
assays for measuring the serum cortisol level determine the total (protein-bound and free) 
hormone level. The physiologic effects of cortisol are determined by the free (or unbound) 
fraction of the hormone pool. Because over 90% of the cortisol in the circulation is protein 
bound, an increase in binding proteins, such as occurs during pregnancy or with estrogen therapy 
(including oral contraceptive pills), results in increased serum cortisol levels without altering the 
physiologically important free hormone concentrations. This fact should always be considered in 
the interpretation of serum cortisol measurements. For example, the serum cortisol level may be 
misleadingly normal in a patient with adrenal insufficiency receiving estrogen therapy. Similarly, 
patients with hypoproteinemia have lower total serum cortisol levels but may have normal serum 
free cortisol levels. The latter situation becomes clinically relevant in critically ill patients with 
hypoproteinemia. 


When primary adrenal insufficiency is present, plasma ACTH levels are increased and serum 
cortisol and aldosterone levels are low. A minimal or no increase in serum cortisol level in 
response to cosyntropin stimulation confirms the diagnosis. In normal persons, serum cortisol 
levels increase to 18.5 ug/dL (510.6 nmol/L) or greater 60 minutes after 250 ug of cosyntropin is 
administered intravenously (mean response, 28 ug/dL [772.8 nmol/L]). Patients with central 
adrenal insufficiency have low or low-normal plasma ACTH levels and normal plasma 
aldosterone levels. Although patients with central adrenal insufficiency usually have a subnormal 


response to cosyntropin, some with partial deficiency display normal responses; in such patients, 
using a lower dose of cosyntropin (1 ug instead of 250 ug) improves the diagnostic accuracy of 
the test. Serum levels of DHEA and DHEA-S are low in both primary and central adrenal 
insufficiency. 


Patients with primary adrenal insufficiency require corticosteroid therapy and mineralocorticoid 
replacement, whereas those with central disease need corticosteroid therapy only. Although any 
of the corticosteroids can be used, the preferred drug is hydrocortisone (Table 24). The doses 
should be titrated according to symptoms and adverse events. An important part of treating 
adrenal insufficiency is educating the patient about his or her own illness and the need for dosage 
adjustments with intercurrent illnesses or surgery (see Table 24). Patients are advised to carry 
medical alert identification that indicates the diagnosis and dependence on cortico-steroids. The 
standard mineralocorticoid replacement therapy (for patients with primary adrenal insufficiency) 
is fludrocortisone, 0.05 to 0.1 mg/d. Patients with either primary or central adrenal insufficiency 
are adrenal androgen—deficient, but replacement therapy (such as with DHEA, 25 to 50 mg/d) is 
not essential for survival (although it may help some women who report diminished libido). 


Although true adrenal insufficiency is not common in critically ill patients, it should always be 
considered in those at risk for the condition. Establishing the diagnosis can be difficult in that 
setting because of many confounding factors. The effect of hypoproteinemia on measured serum 
cortisol levels becomes critical when serum albumin levels are below 2.5 g/dL (25 g/L); although 
measured serum cortisol levels may appear low, serum free cortisol levels are appropriately 
elevated. Some critically ill patients, such as those with septic shock, may develop severe, 
protracted hypotension that is not responsive to standard therapy. Most of these patients have 
elevated serum total and free cortisol levels. A recent study showed that hydrocortisone therapy 
(300 mg/d) given to patients with septic shock did not influence mortality but resulted in a faster 
reversal of shock. Such therapy is not directed at treating an adrenal dysfunction, but rather at 
controlling the associated overwhelming inflammatory response. For more information on 
hydrocortisone therapy in patients with septic shock, see MKSAP 15 Pulmonary and Critical 
Care Medicine. 


Table 22. Characteristics of Adrenal Insufficiency 


Characteristic Primary Adrenal Insufficiency Central Adrenal Insufficiency 
Symptoms Fatigue, nausea, anorexia, weight loss, Same symptoms as primary 
abdominal pain, arthralgia, low-grade fever; insufficiency but no salt craving 
salt craving, postural dizziness; decreased and postural dizziness 
libido 
Signs Hyperpigmentation* Normal pigmentation 
Dehydration Normal volume 
Hypotension Slight decrease in blood 
pressure 
Decreased pubic/axillary hair in women Decreased pubic/axillary hair in 


women 


Major Low basal serum cortisol level (<5.0 ug/dL Same cortisol findings as 
laboratory [138 nmol/L]) with a suboptimal response primary insufficiency except 
findings (<18.5 ug/dL [510.6 nmol/L]) to cosyntropin; low or inappropriately normal 
low serum DHEA and DHEA-S levels but ACTH level; normal 
high plasma renin activity and ACTH level aldosterone and plasma renin 


activity 
Other laboratory Hyponatremia, high potassium level, Same findings as primary 
findings azotemia, anemia, hypoglycemia, and insufficiency but also normal 
leukopenia (with a high % of eosinophils and potassium level 


lymphocytes) 


ACTH = adrenocorticotropic hormone; DHEA = dehydroepiandrosterone; DHEA-S = DHEA 
sulfate. 


“Occurs only in patients with primary adrenal insufficiency as a result of increased secretion of 
adrenocorticotropic hormone and its precursor, pro-opiomelanocortin. An increase in the latter 
leads to increased secretion of one of its products, melanocortin-stimulating hormone, which 
causes the hyperpigmentation. 


Table 23. Causes of Adrenal Insufficiency 


Primary Adrenal Insufficiency Central Adrenal Insufficiency 
Autoimmune adrenalitis (most Exogenous corticosteroid administration (most common) 
common) 

Infection Hypothalamic/pituitary disease, such as: 

Tuberculosis Pituitary adenoma 

Mycosis Rathke cyst or craniopharyngioma 

Bacterial Hypothalamic tumors 

HIV associated Sarcoidosis 

Metastatic cancer Cranial irradiation 

Medications Chronic administration of drugs with corticosteroid 
activity 

Etomidate Megestrol acetate 

Ketoconazole 

Metyrapone 


Adrenal hemorrhage 


Table 24. Examples of Hydrocortisone Therapy in 
Established Adrenal Insufficiency 


Condition Hydrocortisone 


Physiologic daily dosing 15-25 mg PO in three divided doses," at 8:00 AM 
(7.5-12.5 mg), 12:00 noon (5.0-7.5 mg), and 6:00 
PM (2.5-5.0 mg) 


Minor stress (symptoms of a cold or mild 30-50 mg/d PO in three divided doses 
influenza) 


Moderate stress (UTI, minor/moderate 45-75 mg/d PO or IV in three or four divided 
surgical procedure [such as cataract surgery]) doses; can use prednisone or dexamethasone 
instead 


Severe stress (major surgical procedure, such 100-150 mg/d IV in four divided doses 
as cardiac surgery, hip replacement), sepsis 
without shock 


Septic shock 150-200 mg/d IV in four divided doses 


IV = intravenously; PO = orally; UTI = urinary tract infection. 


“For twice daily dosing, the morning dose is 10-15 mg PO, and the late afternoon dose is 5-10 
mg PO. 
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Cushing Syndrome 


The term Cushing syndrome refers to the collection of signs and symptoms that occur after 
prolonged exposure to supraphysiologic doses of corticosteroids. Causes of Cushing syndrome 
are outlined in Table 25, with the most common being exogenous corticosteroid use to treat 
various illnesses. Although many of the initial manifestations of Cushing syndrome (such as 
weight gain) are nonspecific (Figure 8), others—such as muscle weakness, ecchymosis, 
hypokalemia, unexplained osteoporosis, new-onset hypertension, and diabetes mellitus—are 
more alarming and collectively should raise concern for a state of hypercortisolism. 


The diagnosis of Cushing syndrome involves confirmation of persistent hypercortisolism 
associated with poor cortisol suppressibilty with dexamethasone. Three approaches are used to 
screen for hypercortisolism: (1) assessment of cortisol secretion in a 24-hour period, (2) 
documentation of the loss of normal diurnal variation in cortisol secretion (late-night salivary 
cortisol level measurement), and (3) documentation of loss of feedback inhibition of cortisol on 
the hypothalamic-pituitary-adrenal axis (dexamethasone suppression testing) (Figure 9). The 
serum cortisol level, measured the morning after 1 mg of dexamethasone is given, is generally 
less than 2 ug/dL (55 nmol/L) in healthy persons. Although a postdexamethasone cortisol level 
greater than 5 ug/dL (138 nmol/L) is clearly suggestive of Cushing syndrome, values of 2 to 5 
ug/dL (55 to 138 nmol/L) require additional testing. As discussed earlier, an increase in binding 
proteins (such as corticosteroid-binding globulin in patients receiving estrogen therapy or oral 
contraceptives) leads to false-positive results. In this instance, the other two tests (salivary 
cortisol and urine free cortisol measurements) can more reliably establish the presence of 


hypercortisolism. When urine free cortisol excretion is clearly elevated (>200 ug/24 h [551 
nmol/24 h]), the diagnosis of hypercortisolism is reasonably established. For patients in whom 
the overnight dexamethasone suppression test or urine free cortisol excretion is equivocal, other 
confirmatory studies, such as the low-dose dexamethasone suppression test, need to be 
performed. With the latter test, dexamethasone administration (0.5 mg every 6 hours for 48 
hours) results in suppression of serum cortisol levels to less than 2 ug/dL (55.2 nmol/L) and in a 
24-hour urine free cortisol excretion of less than 20 ug (55.1 nmol/24h) in healthy persons; 
higher levels are diagnostic of Cushing syndrome. Once hypercortisolism is established, further 
studies are needed to determine the cause. 


Measurements of ACTH can differentiate ACTH-dependent states of hypercortisolism, in which 
ACTH levels are inappropriately normal or elevated (as with a pituitary adenoma), from ACTH- 
independent ones, in which ACTH levels are low or undetectable (as with adrenal neoplasms). A 
high-dose dexamethasone suppression test (2 mg every 6 hours for 48 hours) is sometimes used 
to distinguish a pituitary source of ACTH-dependent hypercortisolism, which is often 
suppressible with such dosing, from ectopic ACTH-dependent hypercortisolism, which 
frequently is not. There are exceptions, however, such as pituitary tumors that do not suppress 
ACTH and ectopic sources that do suppress ACTH, so caution must be exercised in 
interpretation. In such instances, expert consultation is highly recommended. Other approaches 
used to determine the cause of hypercortisolism include dynamic testing with dexamethasone 
alone or in combination with metyrapone. However, the value of these tests is limited by the 
degree of overlap in responses observed among patients with different forms of hypercortisolism. 


Imaging studies should be obtained only after biochemical documentation of hypercortisolism is 
established. Although an MRI of the sella turcica is appropriate for patients with ACTH- 
dependent hypercortisolism, MRI findings are normal in 40% to 50% of patients with 
documented ACTH-secreting pituitary adenomas because most of these adenomas are too small 
to be detected. This makes differentiating ACTH-secreting adenomas from ectopic ACTH 
secretion difficult on the basis of MRI alone. There is significant overlap between these two 
entities regarding their biochemical features and responsiveness to dexamethasone suppression 
or other dynamic testing (such as with vasopressin or corticotropin-releasing hormone). One way 
of confirming a central source of ACTH secretion in patients with negative results on pituitary 
MRIs is bilateral inferior petrosal sinus catheterization with measurements of ACTH levels from 
both sides simultaneously before and after stimulation with corticotropin-releasing hormone. 
This test, however, is technically difficult and potentially dangerous and should only be done at 
experienced centers. 


In patients with hypercortisolism associated with suppressed ACTH secretion, a CT scan of the 
adrenal glands often shows a tumor (adenoma or carcinoma). Although the differentiation 
between adrenal adenoma and carcinoma can usually be made by using clinical, biochemical, 
and imaging features, histologic confirmation may be necessary in early disease. 


The treatment of Cushing syndrome depends on the cause, the certainty of the diagnosis, and the 
expertise of the managing team. The treatment of choice for patients with ACTH-secreting 

pituitary adenomas is pituitary adenomectomy, immediately after which patients develop ACTH 
deficiency requiring 9 to 18 months of corticosteroid replacement therapy. Patients with residual 


disease after surgery may benefit from gamma knife irradiation and adjuvant medical therapy. 
The latter includes drugs that inhibit corticosteroid synthesis (ketoconazole, metyrapone), others 
that block its effects (mifepristone), and some that are cytotoxic to the adrenal cortical cells 
(mitotane). 


The treatment of adrenal adenomas and carcinomas is surgical resection of the tumor, preferably 
with a laparoscopic approach in the case of an adenoma. Postoperatively, most patients develop 
adrenal insufficiency lasting 6 to 9 months. Whereas cortisol-secreting adrenal adenomas are 
generally curable with surgical resection, adrenal carcinomas may not be totally resectable and 
can recur; the treatment of patients with such carcinomas is discussed later. The treatment of 
Cushing syndrome resulting from ectopic ACTH secretion should be directed at the cause, which 
is often difficult to determine because many different malignant tumors are capable of secreting 
ACTH, including small cell carcinoma of lung, bronchial or thymic carcinoid, pancreatic 
carcinoid, pancreatic islet cell tumor, pheochromocytoma, neuroblastoma, ganglioma, 
paraganglioma, and medullary carcinoma of the thyroid gland. Most patients with ectopic ACTH 
secretion require medical therapy to control hypercortisolism. 


Figure 8. Patient with the central obesity and purple striae 
characteristic of Cushing syndrome. 
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Figure 9. Workup of patients with suspected Cushing 
syndrome. 


After the diagnosis of Cushing syndrome is suspected on clinical assessment, the further workup 
of patients involves four distinct phases. 


ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone; IPS = inferior 
petrosal sinus. 


Table 25. Common Causes of Cushing Syndrome 


Cause Percentage of 
Patients" 

Endogenous Cushing syndrome 

ACTH-dependent 75-80 
ACTH-secreting pituitary adenomas 60-65 

Ectopic ACTH secretion by tumors 10-15 
CRH-secreting tumors <0.5 
ACTH-independent 20-25 

Adrenal adenoma 10-15 

Adrenal carcinoma 5-10 


Exogenous Cushing syndrome 


Administration of corticosteroids (prednisone, dexamethasone, — 
hydrocortisone)” 


Administration of drugs with corticosteroid activity (progestational agents, — 
such as megestrol acetate) 


ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone; — = not 
applicable. 


“With endogenous Cushing syndrome. 


ÞMost common cause of Cushing syndrome. 
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Adrenal Incidentaloma 


The increasing use of imaging studies has revealed many previously unrecognized, often 
asymptomatic adrenal masses (adrenal incidentalomas) in 2% to 3% of the scanned population 


older than 50 years and in up to 7% of those older than 70 years. Adrenal masses in younger 
patients are more clinically important. The evaluation of adrenal masses should address the 
origin and nature of the mass (primary versus metastatic, benign versus malignant). For a 
primary tumor, whether it is functioning or not must be determined. Nearly 10% of all adrenal 
incidentalomas are functioning, although most do not have overt clinical manifestations. 
Functioning tumors can originate from any of the three layers of the adrenal cortex or from the 
adrenal medulla and secrete products of the respective portion of the adrenal glands. 


Initial assessment should include a careful history and physical examination to find any 
suggestion of malignant disease or clinical evidence of hormone hypersecretion (Figure 10). 
Most patients with metastatic cancer of the adrenal glands have clinical evidence of disease 
elsewhere. Imaging characteristics of the mass (size, CT attenuation, vascularity) can provide 
important clues. The risk of primary or metastatic cancer is nearly 2% for tumors less than 4 cm 
in diameter but increases to 25% for tumors 6 cm or larger. Metastatic lesions to the adrenal 
glands tend to have a high CT attenuation (greater than 20 Hounsfield units) and are often 
bilateral. Primary adrenocortical carcinoma tends to be large with irregular borders and may 
include areas of necrosis. Pheochromocytoma, adrenal carcinoma, and metastatic disease to the 
adrenal glands are often vascular, whereas benign adrenal adenomas are not highly vascular. 
Additionally, T2-weighted MRIs of benign adrenal adenomas are usually isointense (compared 
with the liver), but those of adrenocortical carcinoma, pheochromocytoma, and metastatic 
disease are hyperintense. The possibility of adrenal hypofunction should be investigated in 
patients with large, bilateral adrenal masses. Up to 15% of adrenal incidentalomas are bilateral, 
so bilateral adrenal hyperplasia is part of their differential diagnosis, as are metastatic cancer and 
adrenocortical carcinoma. 


Because overt clinical manifestations are typically scant, screening tests are often necessary to 
identify potentially functioning adrenal incidentalomas that are secreting cortisol, aldosterone, or 
catecholamines. Measurements of plasma catecholamines (epinephrine and norepinephrine) and 
their metabolites (metanephrines and normetanephrines) are reasonable screening tests to rule 
out pheochromocytoma (see later discussion); further testing can be done when the results are 
abnormal. 


Although adrenal incidentalomas are unlikely to secrete aldosterone, patients should be screened 
for that possibility if they have hypertension and/or hypokalemia. Appropriate screening for 
primary hyperaldosteronism is discussed later. Similarly, excess adrenal androgen production is 
rare, except when the mass represents adrenal cancer, and screening is not routinely performed in 
the absence of clinical signs or symptoms of feminization in men or hyperandrogenism in 
women. 


Management of an adrenal incidentaloma depends on its size, potential malignancy, and 
functional status (see Figure 10). All functioning tumors and those larger than 6 cm in diameter 
should be considered for surgical removal. Patients with nonfunctioning tumors smaller than 4 
cm are often followed; tumors measuring 4 to 6 cm can be either surgically removed or clinically 
observed, depending on the presence or absence of other suspicious clinical and radiographic 
features. A follow-up CT scan should be obtained in 6 to 12 months for nonfunctioning masses. 


There is no consensus on how often the screening tests should be repeated (if at all), with some 
experts recommending repeat tests annually for 3 to 4 years. 


A. Initial Evaluation 


- Assess overall medical condition. 
- Look for signs of malignancy and clinical evidence of increased function. 


- If available, assess MRI characteristics (see text). 
- Evaluate characteristics of the other adrenal gland (see text). 


B. Assess Imaging Characteristics/Size 


24-6 cm and/or >20 Hounsfield units, 
with or without clinical evidence of <4-6 cm, with or without clinical 
increased function; could be malignant evidence of increased function 
(primary or metastatic) 


C. Characterize Function 


- Biochemical screen for potential function: 
catecholamines, aldosterone, and cortisol 


Additional assessment 
for adrenal hypofunction 
if metastatic disease is 


suspected 


Functioning tumor 
(clinically apparent 
or subclinical) 


Nonfunctioning 
tumor: Observe. 


Surgery unless there is Favor surgery, Repeat screening tests 
evidence of bilateral if appropriate. annually for 4 years, sooner 
adrenal metastasis if new symptoms appear; 


or extensive metastatic 
disease elsewhere 


imaging in 6-12 months. 


Z No change: 
Change in Observe as 
clinically 


status: Favor 
srt el A necessary. 


Figure 10. Workup and management of an incidentally 
discovered adrenal mass. 


The initial approach to patients with an incidentally discovered adrenal mass includes three 
steps: initial evaluation, assessment of imaging characteristics/size, and assessment of function. 
Masses larger than 6 cm are more likely to be malignant. 
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Pheochromocytoma 


Pheochromocytomas are relatively rare tumors composed of chromaffin cells derived from the 
neural crest that occur in 0.1% to 0.6% of persons with hypertension. Chromaffin cells can 
secrete biogenic amines (epinephrine, norepinephrine, and dopamine) and their metabolites. 
Most pheochromocytomas predominantly secrete norepinephrine, which results in sustained or 
episodic hypertension. An occasional tumor may secrete epinephrine and cause hypotension. 
Nearly 90% of pheochromocytomas arise in the adrenal medulla; 10% are extra-adrenal and 
occur along the sympathetic chain. Approximately 25% of pheochromocytomas are familial, 
10% are asymptomatic, and 10% are malignant. Most familial pheochromocytomas are in 
multiple sites, are more likely to recur after surgery, and are associated with other benign or 
malignant tumors. Therefore, genetic testing should be considered in patients with a family 
history of pheochromocytoma, in patients with bilateral disease or an extra-adrenal location, and 
in younger persons with other tumors. 


The clinical manifestations of pheochromocytomas are variable, with hypertension (episodic or 
sustained) observed in over 90% of patients. Other major symptoms include diaphoresis, pallor, 
palpitations, and headaches; the classic triad of sudden severe headache, diaphoresis, and 
palpitations is highly suggestive of pheochromocytoma. Other manifestations include 
hyperglycemia, weight loss, arrhythmias (atrial and ventricular fibrillation), and catecholamine- 
induced cardiomyopathy. 


The diagnosis of pheochromocytoma relies on documenting excessive secretion of 
catecholamines and/or their metabolites. Resting and supine levels of combined plasma 
catecholamines (epinephrine and norepinephrine) obtained through an indwelling intravenous 
catheter are often clearly elevated (greater than 2000 ng/L [10,920 pmol/L]) in patients with 
pheochromocytoma. Lower levels are equivocal and require further biochemical confirmation, 
such as with a clonidine suppression test. The administration of clonidine (0.3 mg orally) will 
suppress plasma norepinephrine levels to less than 500 ng/L (2956 pmol/L) in persons whose 
plasma catecholamine levels are elevated for reasons other than pheochromocytoma. Milder 
elevations in plasma norepinephrine levels (600-1000 ng/L [3547-5911 pmol/L]) can be seen in 
many stressed persons and those with essential hypertension. Except for labetalol, 
antihypertensive drugs do not interfere with the assays used for fractionated catecholamine 
determination. Measurements of plasma levels of catecholamine metabolites (metanephrines and 
normetanephrines) are similarly sensitive and specific in screening patients for 
pheochromocytoma. Additional biochemical diagnostic tests include measurement of 
fractionated catecholamines and their metabolites (metanephrines, normetanephrines, and 
vanillylmandelic acid) in the urine. Although measurements of urinary excretion of 


vanillylmandelic acid are not highly sensitive (65%), they have a greater than 95% specificity 
when dietary sources of interference are eliminated. The use of B-blockers in patients suspected 
of having pheochromocytoma should be avoided until the patients receive adequate a-adrenergic 
blocker therapy because B-blockade will result in unopposed a-stimulation, which can further 
exacerbate the features of pheochromocytoma. 


CT scans and MRIs should be obtained only after the diagnosis of pheochromocytoma is 
biochemically confirmed. Pheochromocytomas are often characteristically hyperintense on T2- 
weighted MRIs. Scintigraphic localization with iodine-13 1—metaiodobenzylguanidine ‘eee 
MIBG) is used when CT scans and MRIs are negative for pheochromocytoma; '*'I-MIBG can 
also help distinguish metastasis from malignant pheochromocytoma. 


Laparoscopic surgical resection by an experienced surgeon is the most effective treatment for 
pheochromocytomas. Preoperative medical therapy should be instituted once the diagnosis is 
confirmed; what it should consist of is less clear, given the lack of controlled studies. In the past, 
most patients with pheochromocytoma were treated with a competitive a-adrenergic blocking 
agent (such as phenoxybenzamine) for several weeks before surgery at an initial dose of 10 mg 
twice daily, with upward titration of 80 mg/d every 2 to 3 days. However, phenoxybenzamine 
has long-lasting effects that contribute to the hypotension commonly observed during the first 
day after tumor removal. Recent data suggest that short-acting specific a-antagonists, such as 
prazosin (2-5 mg, three times daily), doxazosin (2-8 mg/d), or terazosin (2-5 mg/d), may be 
better preoperative choices. Besides these a-blocking drugs, blood pressure control can be 
achieved with the calcium channel blockers amlodipine or verapamil, as needed. Labetalol, a 
combined a- and B-blocking agent, can also be used, especially in patients with 
tachyarrhythmias. Treatment with a-blockers and calcium channel blockers should be titrated to 
maintain the systolic blood pressure near 150 mm Hg for more than 7 days before surgery. 
Normotensive patients with pheochromocytomas should also be treated with a-blockers because 
they often become hypertensive during surgery. A nitroprusside intravenous drip is used to 
control intraoperative hypertension. In the perioperative period, changes in blood pressure during 
tumor manipulation are possible, and volume expansion during and after tumor resection may be 
needed. 


Additional therapy includes control of catecholamine-related symptoms with a-blockers and 
catecholamine synthesis inhibitors. Other therapeutic options for malignant pheochromocytomas 
include external irradiation or targeted radiotherapy using 'S'1-MIBG. Systemic cytotoxic 
chemotherapy has also been used, although the response rates are usually low and short-lived. 


The long-term prognosis after resection of a solitary, sporadic pheochromocytoma is excellent, 
but some patients may have persistent hypertension and up to 17% have tumor recurrence. All 


patients should be followed for at least 10 years for tumor recurrence, and those with extra- 
adrenal lesions or with familial disease should be followed indefinitely. 
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Primary Hyperaldosteronism 


Primary hyperaldosteronism is characterized by excessive and autonomous aldosterone 
production by the adrenal zona glomerulosa independent of its physiologic regulator, the renin- 
angiotensin system. Diagnosed biochemically, primary hyperaldosteronism is associated with 
several pathologic entities, including solitary aldosterone-producing adrenal adenoma, bilateral 
adrenal hyperplasia (or idiopathic primary hyperaldosteronism), unilateral hyperplasia, and 
adrenal carcinoma. Most patients with primary hyperaldosteronism have either bilateral adrenal 
hyperplasia (50%-60%) or an aldosterone-secreting adenoma (40%-50%). Aldosterone acts on 
the distal convoluted tubule to reabsorb sodium, which causes excessive potassium and hydrogen 
ion secretion in the collecting duct. When aldosterone is secreted excessively, the expected 
outcome is hypertension, hypokalemia, and metabolic alkalosis. For these reasons, patients with 
hypertension should be screened for primary hyperaldosteronism, especially when the 
hypertension is difficult to control or associated with hypokalemia. 


Screening of patients for primary hyperaldosteronism focuses on the physiologic changes 
(namely, suppressed renin activity) and thus involves the simultaneous measurements of the 
plasma aldosterone level and plasma renin activity. A ratio of plasma aldosterone (measured in 
ng/dL) to plasma renin activity (measured in ng/mL/h) of greater than 20 is highly suggestive of 
primary hyperaldosteronism, especially when the plasma aldosterone level is greater than 15 
ng/dL (414 pmol/L). This ratio is particularly helpful in patients taking angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin-II receptor blockers (ARBs), in whom plasma renin 
activity is expected to be generally high but plasma aldosterone levels are usually low. In a 
patient receiving an ACE inhibitor or an ARB, one would expect the plasma aldosterone level to 
be lower than 10 ng/dL (276 pmol/L) and the plasma renin activity to be greater than 3 ng/mL/h 
(3 ug/L/h) with an aldosterone-to-renin ratio of less than 5. Thus, in a patient receiving an ACE 
inhibitor or ARB, an aldosterone-to-renin ratio of 10 or more would be highly suggestive of 
hyperaldosteronism. 


The screening tests can be performed on random blood samples, even in patients on 
antihypertensive medications (except the aldosterone receptor antagonists spironolactone and 
eplerenone). Confirmation of the biochemical diagnosis involves showing persistent elevation 
(poor suppressibility) of plasma aldosterone in response to a high salt load. Salt can be given 
orally (sodium chloride, 2 g three times daily for 3 days) or intravenously (with normal saline, 
500 mL/h for 3 hours). During either method of salt loading, plasma aldosterone levels are 
suppressed to less than 5 ng/dL (138 pmol/L) in normal subjects but remain elevated (often 
greater than 10 ng/dL [276 pmol/L]) in patients with primary hyperaldosteronism. Because an 
increased salt intake promotes kaliuresis, serum potassium levels should be monitored and 
adequately replaced during salt loading. 


After a biochemical diagnosis of primary hyperaldosteronism is confirmed, further studies are 
appropriate to help define the pathologic cause. The simplest is CT of the adrenal glands. A 
solitary adrenal adenoma, often 2 cm or less in diameter, can be visualized on a CT scan. 
Notably, the other adrenal gland would appear normal. In contrast, the CT scan of a patient with 
bilateral adrenal hyperplasia would show diffuse or focal enlargement of all limbs of the two 
adrenal glands. Requesting expert consultation is recommended in unusual or nonclassic cases. 
Distinguishing between a single adenoma and bilateral hyperplasia is essential because it will 
substantially affect therapy. However, imaging studies are not always accurate in defining the 


cause of hyperaldosteronism. A more definitive approach is to catheterize both adrenal veins and 
measure the plasma aldosterone levels from both sides to determine if aldosterone production is 
unilateral or bilateral. Given this procedure’s technical difficulty and association with adverse 
events, such as adrenal vein dissection and hemorrhage, it should be used selectively and only at 
centers with appropriate expertise. 


Aldosterone-producing adrenal carcinoma is very rare, tends to be larger in size and have 
irregular contours (in contrast to adrenal adenomas), and is often associated with increased 
production of other adrenal corticosteroids. Other rare causes of excessive corticosteroid 
secretion can mimic the metabolic and clinical manifestations of primary hyperaldosteronism. 
Some examples include corticosteroid-remediable hypertension and congenital adrenal 
hyperplasia. Patients with these conditions are often young and have a family history of similar 
abnormalities at presentation. 


Therapeutic goals for primary hyperaldosteronism include normalization of blood pressure, 
resolution of hypokalemia, and attainment of normal aldosterone levels and effects. The last goal 
is essential because aldosterone can have adverse effects over and above its influence on blood 
pressure and potassium level. Although laparoscopic surgical resection of a solitary aldosterone- 
secreting adrenal adenoma is recommended in most patients, medical therapy can be an effective 
alternative approach when it includes aldosterone receptor blockers (discussed subsequently). 
After removal of the aldosterone-producing adrenal adenoma, potassium levels become normal 
in over 90% of patients, blood pressure normalizes in two thirds of patients, and blood pressure 
control improves in the remaining third. 


The treatment of choice for primary hyperaldosteronism caused by bilateral adrenal hyperplasia 
is medical therapy with spironolactone or eplerenone, the two available aldosterone antagonists. 
These medications also are given to medically treated patients with aldosterone-secreting 
adenomas. Spironolactone is often effective in controlling hypertension and hypokalemia. In 
addition to being an aldosterone-receptor blocker, spironolactone also blocks the androgen 
receptor, thus causing gynecomastia, impotence, and diminished libido in men and menstrual 
irregularities in women. Eplerenone is a more selective aldosterone-receptor blocker and has 
fewer adverse effects but is more expensive than spironolactone. Most medically treated patients 
with adrenal adenomas and bilateral adrenal hyperplasia will also require another 
antihypertensive drug (or drugs), with thiazide diuretics (such as hydrochlorothiazide, 12.5-25 
mg/d) being the most effective. Patients should be followed indefinitely for monitoring of blood 
pressure, renal function, and potassium levels. 


PreviousNext 


Adrenocortical Carcinoma 


Adrenocortical carcinoma is a rare malignancy in which up to 60% of patients have symptoms of 
hormone (such as cortisol) excess. Other patients may have mechanical symptoms (abdominal 
fullness, nausea, back pain) related to rapid tumor growth, and a few have an incidentally 
discovered mass on presentation. Thus, depending on the patient’s clinical presentation, the 


diagnostic approach can vary, but definitive diagnosis requires integration of the clinical, 
biochemical, and imaging data discussed earlier. Most functioning adrenocortical carcinomas 
produce multiple corticosteroids, including biologically inactive precursors. 


The treatment of adrenocortical carcinoma depends on the extent of disease at presentation. 
Surgical removal after appropriate endocrine and imaging assessment remains the best option, 
especially in patients with early disease. Even after apparently complete resection, adjuvant 
therapy using mitotane, a known adrenal cytotoxic drug, can be beneficial. Treatment with 
mitotane is recommended for patients with persistent disease and others with known metastases. 
This treatment is associated with objective remissions in approximately 25% of patients. The 
main limiting factor for mitotane use is its associated adverse effects, including nausea, 
vomiting, lethargy, and other neurologic symptoms. Experience with chemotherapy is limited, 
but this treatment is usually ineffective. 
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Reproductive Disorders 


Basic Concepts and Common Features 


Physiology of Male Reproduction 
Female Reproductive Physiology 


Key Points 


Borderline-low values for total serum testosterone should be further evaluated, 
particularly in elderly and obese men. 

Overt primary hypogonadism almost always causes infertility. 

Because hypogonadism may be the initial sign of a pituitary tumor or systemic disease, a 
thorough workup is essential, especially in younger men. 

Classic symptoms of androgen deficiency (and male hypogonadism) at any age include 
fatigue, loss of muscular strength, poor libido, hot flushes, and sexual dysfunction. 

A morning measurement of total serum testosterone level is the screening test of choice 
for male hypogonadism. 

Patients with moderately low (200-350 ng/dL [6.94-12.15 nmol/L]) total serum 
testosterone levels should have their free or bioavailable testosterone level determined. 
Currently available testosterone replacement systems include injections, patches, gels, 
and buccal mucosa lozenges. 

The cornerstone of the male infertility examination is analysis of semen, which should be 
obtained after 48 to 72 hours of sexual abstinence and analyzed immediately by a 
qualified laboratory. 

After pregnancy is excluded, polycystic ovary syndrome is the most common cause of 
secondary amenorrhea. 

A high follicle-stimulating hormone level indicates ovarian failure in a patient with 
amenorrhea. 

Withdrawal bleeding after progestin challenge indicates normal estrogen production and 
a normal outflow tract, whereas the absence of bleeding indicates a low estrogen level 
and/or an anatomic defect. 

The most common cause of hirsutism is polycystic ovary syndrome, which normally 
starts during puberty, progresses slowly, and does not cause virilization or cushingoid 
features. 

Measurement of the total serum testosterone level is recommended in patients with 
suspected polycystic ovary syndrome to exclude Cushing syndrome, androgen-producing 
tumors, and 21-hydroxylase deficiency. 
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Basic Concepts and Common Features 


Despite their respective purposes of spermatogenesis and ovulation, the male and female 
reproductive axes share many features. The pulsatile release of gonadotropin-releasing hormone 
(GnRH) from the supraoptic nucleus of the hypothalamus every 90 to 120 minutes elicits the 
secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the pituitary 
gonadotropes. LH drives steroidogenesis from the androgen-producing cells of the testis and 


ovary, and FSH aids in the maturation and release of sperm and oocytes. Both androgens and 
estrogens exert feedback inhibition on GnRH and gonadotropin production, but FSH secretion is 
regulated primarily by inhibin B, a product of Sertoli and granulosa cells, which are the targets of 
FSH action. 
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Physiology of Male Reproduction 


e Introduction 

e Primary Hypogonadism 

e Secondary Hypogonadism 

e Androgen Deficiency in the Aging Male Syndrome 
e Diagnosis and Workup of Male Hypogonadism 

e Testosterone Replacement Therapy 

e Male Anabolic Steroid Abuse 


e Male Infertility 
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Introduction 


The two main products of the adult testis are testosterone and mature sperm. Every LH pulse 
elicits a corresponding pulse of testosterone by the Leydig cells, although changes in circulating 
testosterone levels are dampened by testosterone binding to plasma proteins, primarily sex 
hormone-binding globulin (SHBG) and albumin. Testosterone is also metabolized to 
dihydrotestosterone in some target tissues, such as the prostate and genital skin fibroblasts, and 
some testosterone is converted to estradiol in the Leydig cell itself and in peripheral tissues, such 
as fat. Exogenous estrogens, progestins, and androgens all decrease gonadotropin secretion by 
suppressing GnRH and LH pulsations, which then reduces testosterone synthesis by Leydig 
cells; spermatogenesis is also impaired. 


The seminiferous tubules account for approximately 80% of the testicular mass, and germ cells 
form the bulk of the seminiferous epithelium. The much larger Sertoli cells are closely associated 
with the developing germ cells and are essential for sperm maturation. Although an inability to 
synthesize testosterone often causes oligo- or azospermia, poor spermatogenesis can occur 
despite normal testosterone production. FSH acts on Sertoli cells, which in turn aid in sperm 
maturation; Sertoli cells secrete inhibin B, which feeds back to attenuate FSH production. For 
this reason, an elevated serum FSH level is indicative of Sertoli cell dysfunction, primary 
testicular damage, and low sperm production. The male reproductive axis is depicted in Figure 
11. 


Only 1% to 3% of testosterone in the circulation is free, whereas approximately 60% is bound to 
SHBG and the remainder to albumin. Testosterone binds tightly to SHBG and is in slow 
equilibrium with the free fraction. SHBG-bound testosterone dampens the fluctuations in 
testosterone concentrations that may result from the pulsatile secretion of testosterone from the 
testis. In contrast, testosterone binds to albumin weakly and dissociates readily, forming a rapid 
equilibrium with free testosterone. The free and albumin-bound portions of testosterone are 
collectively known as bioavailable testosterone. The bioavailable testosterone and free 
testosterone levels vary in parallel, except at the extremes of SHBG levels. Borderline-low 
values for total serum testosterone (200-350 ng/dL [6.94-12.15 nmol/L]) should therefore be 
further evaluated with measurement of the free or bioavailable testosterone level, particularly in 
elderly men (in whom the SHBG level is increased) and obese men (in whom the SHBG level is 
decreased). 
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Figure 11. Male reproductive axis. 


Pulses of GnRH elicit pulses of LH and FSH. FSH acts on Sertoli cells, which assist sperm 
maturation and make inhibin B, the major negative regulator of basal FSH production. The 
Leydig cells make testosterone, which feeds back to inhibit GnRH and LH release. Some 
testosterone is irreversibly converted to dihydrotestosterone or estradiol, which are both more 
potent than testosterone in suppressing GnRH, LH, and FSH. 


FSH = follicle-stimulating hormone; GnRH = gonadotropin-releasing hormone; LH = luteinizing 
hormone; minus sign in circle = negative feedback. 


PreviousNext 


Primary Hypogonadism 


The etiologic categories of primary hypogonadism are chromosomal/congenital, toxic/traumatic, 
and infiltrative. Overt primary hypogonadism almost always causes infertility. Although 
unilateral or even bilateral cryptorchidism usually does not prevent pubertal development and 
fertility, cryptorchidism may be associated with a premature decline in testosterone production 
later in life. Primary hypogonadism is usually caused by congenital or genetic disorders, such as 
Klinefelter syndrome (46,XXY karyotype). Acquired primary hypogonadism, which is 
uncommon in men, most often results from toxic exposures, such as to the alkylating agents used 
in cancer chemotherapy. 
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Secondary Hypogonadism 


Acquired hypogonadism is usually secondary to hypothalamic and/or pituitary dysfunction in 
men. However, pinpointing the site(s) of dysfunction is difficult, and the etiology is often 
multifactorial. Because hypogonadism may be the initial sign of a pituitary tumor or systemic 
disease, careful evaluation is essential, especially in younger men. Secondary hypogonadism 
generally prompts a broader assessment of pituitary function, particularly measurement of 
prolactin, which suppresses gonadotropins directly and may indicate the presence of a pituitary 
tumor (see Disorders of the Pituitary Gland). Causes of secondary hypogonadism include 
pituitary (or adjacent) tumors (the most common cause), congenital/genetic disorders, infiltrative 
disorders, and traumatic/iatrogenic disorders. Certain drugs (such as corticosteroids and narcotic 
agents), chronic illness, malnutrition, obesity, and aging also contribute to hypogonadism, 
primarily by acting on the central components of the male reproductive axis. 
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Androgen Deficiency in the Aging Male Syndrome 


Testosterone production begins to decline at a rate of approximately 1% per year after age 25 
years. GnRH and LH pulse frequency and amplitude decline with age, and less testosterone is 
produced after each pulse of LH. In addition, the free testosterone level tends to decline even 
further because of the increased peripheral conversion of androgens to estrogens and the higher 
circulating SHBG concentrations. These insults, which affect all levels of the male reproductive 


axis, are further exacerbated by intercurrent illnesses and medications, which can decrease 
circulating testosterone concentrations to abnormally low values. Collectively, these features are 
known as the androgen deficiency in the aging male (ADAM) syndrome. Spermatogenesis in 
ADAM syndrome is typically normal or slightly reduced, but the testosterone deficiency can 
cause symptoms and quantifiable consequences, such as osteoporosis and cognitive decline. 


Classic symptoms of androgen deficiency (and male hypogonadism) at any age include fatigue, 
loss of muscular strength, poor libido, hot flushes, and sexual dysfunction, but none of these may 
be the presenting symptom. In older men who report a vague and gradual deterioration in their 
sense of well-being, particularly those who also have depression or cognitive disturbances, 
screening for hypogonadism should be considered. Although mild erectile dysfunction or, more 
specifically, poor libido often accompanies hypogonadism, severe erectile dysfunction typically 
derives from coexisting vascular, neurologic, or cavernosal conditions, and testosterone 
replacement therapy alone rarely restores normal sexual function when erectile dysfunction is 
severe. 
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Diagnosis and Workup of Male Hypogonadism 


Because the symptoms of male hypogonadism are highly variable and often nonspecific, the 
diagnosis requires laboratory confirmation. The best screening test for male hypogonadism is 
measurement of the total serum testosterone level no later than 10:00 AM; an assay of three 
pooled specimens drawn at 20- to 30-minute intervals (pooled morning testosterone) is 
preferable. A random serum testosterone level greater than 350 ng/dL (12.15 nmol/L) excludes 
hypogonadism. Values consistently less than 200 ng/dL (6.94 nmol/L) almost always confirm 
hypogonadism, but values in the 200 to 350 ng/dL (6.94-12.15 nmol/L) range are equivocal. 
Unless the total testosterone level is markedly reduced and the patient has a known pituitary or 
gonadal pathologic abnormality, a screening testosterone value of 350 ng/dL (12.15 nmol/L) or 
lower requires confirmation by a second measurement that includes determination of the free 
and/or bioavailable testosterone level. 


Immunoassays performed after testosterone extraction and chromatography and assays using 
liquid chromatography coupled with tandem mass spectrometry are the most reliable methods, 
with direct immunoassays on serum being less accurate, particularly at the low end of the normal 
range of male testosterone levels, where accuracy is most critical. In this situation, measuring 
free and bioavailable testosterone levels is necessary. The free testosterone level can be 
measured by equilibrium dialysis or by calculation after measuring the total serum testosterone, 
SHBG, and albumin levels. A direct assay kit for measuring free testosterone is available but is 
notoriously unreliable, and its use is strongly discouraged. 


During or after confirmatory testing, serum levels of gonadotropins and prolactin should be 
measured before starting treatment. The FSH level, which reflects Sertoli cell function and sperm 
production, may be omitted if fertility is not desired or in the evaluation of ADAM syndrome. 
Typically, findings of a normal prolactin and inappropriately normal LH levels associated with a 


low testosterone level in men older than 60 years are consistent with ADAM syndrome, and 
further evaluation of other pituitary hormones and pituitary imaging are not necessary. Further 
assessment of pituitary anatomy and function should be considered in younger men and in older 
men with a testosterone level less than 150 ng/dL (5.21 nmol/L). A high prolactin level suggests 
pituitary disease and necessitates an MRI of the sella turcica with further pituitary and thyroid 
testing. A very low serum LH level (<0.5 mU/mL [0.5 U/L]), particularly if the serum prolactin 
level is high, also suggests pituitary disease. A low LH level and a normal or low prolactin level 
with otherwise normal anterior pituitary function is commonly seen in patients taking exogenous 
androgens, estrogens, progestins, or narcotics but also can be seen in hemochromatosis or 
congenital disorders of GnRH production (such as Kallman syndrome). Primary testicular failure 
is suggested by a high serum FSH level (>15 mU/mL [15 U/L]) and is confirmed by an inhibin B 
level of less than 100 pg/mL (normal, >150 pg/mL). Semen analysis is reserved for patients 


being evaluated for current or future fertility. Figure 12 provides a diagnostic algorithm for male 
hypogonadism. 


Suspect hypogonadism 


Screen: total serum testosterone in AM 


Normal 
testosterone 


Low 
testosterone 


Free/bioavailable testosterone 
and/or SHBG, FSH, LH, PRL 


Low 
testosterone 

Normal LH/FSH/PRL Low LH/FSH; high PRL 

Age-related decline 
Testicular failure Hep care etiology Pituitary disease 

Testosterone Testosterone Pituitary MRI and 

supplementation supplementation laboratory testing 
or gonadotropins 


Figure 12. Algorithm for evaluating male hypogonadism. 


The best screening test for male hypogonadism is an early morning measurement of the total 
testosterone level. If the level is low or equivocal, a second measurement, which includes free 
and bioavailable testosterone levels and/or the SHBG level, will resolve the diagnosis. PRL, LH, 
and FSH levels also are measured to determine the type of hypogonadal state and to guide further 
evaluation and treatment. 


FSH = follicle-stimulating hormone; LH = luteinizing hormone; PRL = prolactin; SHBG = sex 
hormone-binding globulin. 
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Testosterone Replacement Therapy 


The benefits of testosterone replacement therapy in men with hypogonadism include an 
increased libido, increased bone density, improved cognitive function and sense of well-being, 
and an increased hematocrit; such therapy is thus appropriate for men with unequivocal 
hypogonadism. In one study, an inverse correlation between the magnitude of benefit in elderly 
men and the pretreatment total serum testosterone level (in the 100-350 ng/dL [3.47-12.15 
nmol/L] range) was shown, but no improvement occurred when the testosterone level was 
greater than 350 ng/dL (12.15 nmol/L). Infertility, on the other hand, is not treated with 
testosterone replacement therapy but with injectable gonadotropins because testosterone 
replacement suppresses LH and FSH production, reduces testosterone production by Leydig 
cells, and impairs spermatogenesis. 


Preparations of testosterone esters (enanthate or cypionate) in oil are administered every 1 to 3 
weeks by deep intramuscular injection. A regimen of 200 mg every 2 weeks is most commonly 
employed to balance convenience with serum testosterone fluctuations, but more stable serum 
testosterone levels are maintained by using 100 mg every week. The dosage is titrated to 
maintain the trough serum testosterone level near the low end of the normal range before the next 
injection. 


The first transcutaneous testosterone preparations marketed were the testosterone patches; 
availability is now limited to 2.5- and 5-mg patches. The normal starting dose for adults is one 5- 
mg patch at bedtime; the 2.5-mg patch is for smaller men, young adults, and prepubertal 
adolescents. Therapy is best monitored by measuring the serum testosterone level in the early 
morning to detect the increase in testosterone level, but the peak may occur during the night. 
Dosage adjustments are limited to up to two patches of the available sizes. The most common 
adverse effect of skin irritation can be minimized by smearing a small drop of 0.1% 
triamcinolone cream on the drug reservoir in the center of the patch before application and by not 
placing the patch on pressure points, such as the shoulder blades and hips. 


Hydroalcoholic testosterone gels are the most popular preparations. The starting dose is one 5-g 
packet or tube of 1% gel applied once daily to specified areas (either the trunk and shoulders or 
the abdomen). After a few weeks, a steady state is reached in which testosterone is delivered to 
the circulation from an intradermal storage pool with essentially zero-order kinetics, and the 
applied dose replaces the portion delivered to the blood. Consequently, serum levels of 
circulating testosterone remain fairly constant throughout the day; the dosage can be monitored 
at any time by sampling the serum testosterone level. Skin irritation is rare, but showering and 
swimming for several hours after application must be avoided to allow complete absorption of 
the testosterone dose. Transference to partners and children through contact can occur, 
necessitating handwashing and contact precautions. The dosage may be increased by up to 10 g/d 
if needed on the basis of measured testosterone levels; higher dosages are costly and difficult to 


apply properly. 


The buccal system involves a lozenge containing testosterone (30 g) in a mucoadhesive matrix 
that is applied between the cheek and gums of the upper teeth. The testosterone is delivered 
through the gingival mucosa into the superior vena cava, which bypasses first-pass hepatic 
metabolism. The system is applied daily in the morning and evening, with testosterone levels 
peaking toward the end of a 12-hour application. The dose is not titrated, but the serum 
testosterone level may be monitored, preferably towards the end of the 12-hour application. 
Some men cannot use the system comfortably because of gum irritation or bitter taste. 


Testosterone replacement therapy also can be used in patients with hypogonadism caused by 
prolactinomas. Correction of the hyperprolactinemia often reestablishes pulsatile GnRH 
secretion and thus testosterone production, but those with undetectable FSH and LH levels and 
very low serum testosterone levels despite dopamine agonist treatment should be considered for 
testosterone replacement therapy. 


Recommendations for periodic monitoring of testosterone replacement therapy appear in Table 
26. Because testosterone replacement therapy can exacerbate polycythemia, prostatic 
hyperplasia, dyslipidemia, and sleep apnea, patients with those disorders should be counseled 
and closely reassessed. Men with dyslipidemia, particularly a low HDL-cholesterol level, should 
have another lipid profile after several months of testosterone replacement therapy. Although no 
evidence suggests that testosterone replacement therapy causes prostate cancer, such therapy can 
enable the growth of occult prostate cancer. Active prostate cancer is an absolute 
contraindication to testosterone replacement therapy. The prostate-specific antigen level is often 
low (<1 ng/mL [1 ug/L]) in men with hypogonadism but often doubles and then stabilizes after 3 
to 6 months of testosterone replacement therapy. If the PSA increases by more than a factor of 
two (to a value >4 ng/mL [4 ug/L]) or continues to increase after 6 to 12 months of treatment, 
testosterone therapy should be interrupted until a urologic evaluation is completed. 


Table 26. Monitoring of Testosterone Replacement Therapy 


For adequacy and efficacy, serum total testosterone measurement using: 
Injectable esters: trough prior to fourth injection (goal is low end of normal range) 
Androderm™ patch: morning testosterone level 4-6 weeks after initiating therapy 


Androgel™/Testim™ gel: random testosterone level 4-6 weeks after initiating therapy 


Striant™ buccal system: testosterone level 1 week after initiating therapy; obtain just before 
applying a new buccal lozenge 


For potential untoward events: 


Relative contraindications of testosterone replacement therapy include obstructive uropathy, 
cirrhosis, and sleep apnea; absolute contraindication is prostate cancer 


Digital screening prostate examination, determination of PSA level and hemoglobin or 
hematocrit before treatment 


Hemoglobin or hematocrit; PSA level 3, 6, and 12 months after start of therapy, then annually 
(expect PSA level to increase <50% to <2 ng/mL [2 ug/L] and PSA velocity <0.75/year) 


Monitor serum lipid levels if initially abnormal 


PSA = prostate-specific antigen. 
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Male Anabolic Steroid Abuse 


Although androgen abuse is found in persons of all ages, professions, and socioeconomic levels, 
the use of performance-enhancing substances, especially anabolic steroids (androgens) and 
growth hormone, is particularly pervasive today in professional and elite sports. The self- 
administration of androgens is also common in recreational bodybuilders and persons who want 
to improve their physique. Androgens, which are inexpensive and easy to obtain, are 
unequivocally effective agents in promoting weight gain and strength, particularly when used in 
combination with enhanced nutrition and training regimens. Adolescent and young adult males 
have the highest prevalence of androgen abuse. 


A particular psyche known as muscle dysmorphia or reverse anorexia nervosa predisposes to 
chronic androgen abuse and addiction. Persons with this condition perceive themselves as being 
small when they are muscular and hold unrealistic goals about size and strength. Because self- 
administered androgens advance them toward these unachievable goals and because they lose 
strength, size, and vigor on androgen withdrawal, such persons are vulnerable to psychological 
and physical addictions to androgens. Androgen withdrawal places such persons in a functionally 
hypogonadal state lasting months to years, depending on prior use, which may be accompanied 
by depression, lassitude, emotional lability, and hot flushes. 


When persons who abuse androgens seek medical attention, it is usually at the insistence of a 
spouse or partner because of infertility. Physical examination typically shows irritability, 
tangential or evasive speech, muscular hypertrophy, testicular atrophy, gynecomastia (if abusing 
testosterone), and acne, including the pustular type, particularly on the back. The gynecomastia 
is often self-managed with tamoxifen and aromatase inhibitors and the acne with tretinoin. 
Laboratory data show suppressed LH and FSH levels, variable testosterone levels (depending on 


whether testosterone or synthetic androgens only are being used), and otherwise normal pituitary 
function. The thyroid-stimulating hormone and free thyroxine levels are low if liothyronine (T3) 
is being self-administered, and the insulin-like growth factor 1 level can be elevated if growth 
hormone is being self-administered; both are common practices in patients abusing androgens. 
Few of these patients are willing to abstain from androgens voluntarily or to adhere to prescribed 
regimens. 
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Male Infertility 


The evaluation of an infertile couple should involve both partners because up to half of infertility 
cases involve a male-related problem. Fertility induction requires both Leydig cell testosterone 
production and gonadotropin action on Sertoli cells. The cornerstone of the male infertility 
examination is analysis of semen, which should be obtained after 48 to 72 hours of sexual 
abstinence and analyzed immediately by a qualified laboratory. The parameters monitored in the 
semen analysis and their significance are shown in Table 27. 


In secondary hypogonadism, fertility may be restored with injectable gonadotropins or, in the 
specific case of hypothalamic hypogonadism, with pulsatile GnRH delivered by a programmable 
infusion pump. Human chorionic gonadotropin (HCG), 1000 to 5000 units two to three times per 
week, is generally used because of its lower cost and longer duration of action than LH. 
Recombinant FSH is added to the HCG treatment, particularly when the hypogonadism is severe 
or spontaneous puberty did not occur, but HCG alone often restores fertility in previously fertile 
men with acquired secondary hypogonadism, particularly if incomplete or of recent onset. 


Table 27. Semen Analysis Parameters 


Parameter Normal Range Significance 
Volume >2 mL Low with ductal obstruction, retrograde ejaculation, and 
lack of abstinence 
pH 8-9 Low with ductal obstruction 
Fructose Positive Negative with ductal obstruction 
Sperm count 2-10 million/mL Correlates with other parameters 
Motility >50% Decreased by toxins, sperm pathology 
Sperm >14% normal Prognostic for fertility 


morphology forms 
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Female Reproductive Physiology 


In females, GnRH pulses also drive secretion of LH and FSH. LH acts on the androgen- 
producing theca cells to stimulate androstenedione and testosterone synthesis, and FSH acts on 
the granulosa cells to stimulate expression of aromatase, which converts androstenedione and 
testosterone to estradiol and triggers ovulation. Inhibin B from granulosa cells exerts feedback 
inhibition on FSH secretion (Figure 13). The granulosa cells undergo a process called 
luteinization after ovulation, forming a corpus luteum that produces progesterone. Progesterone 
withdrawal follows 2 weeks later and leads to menstrual bleeding unless fertilization and 
implantation occur. The parallels of the male and female reproductive axes include the action of 
LH on androgen synthesis, the action of FSH on the supporting cells for the developing gametes, 
the reciprocal feedback, and the dampening with stress and aging. The female axis features a 
more complex pattern, with both negative and positive feedback, a monthly cycle with an 
ovulatory gonadotropin surge yielding one or a few mature germ cells, and more abrupt and 
consistent age-related decline. 


——>| ann 
© 

LH 
Theca cells mee Granulosa cells 


Figure 13. Female reproductive axis. 


Inhibin B 


As in the male reproductive axis, pulses of GnRH drive LH and FSH production. LH acts on 
theca cells to stimulate androgen (principally androstenedione) production. Androstenedione is 
metabolized to estradiol in granulosa cells. FSH also acts on granulosa cells to enhance follicle 
maturation. Granulosa cells produce inhibin B as a feedback regulator of FSH production. 
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Primary Amenorrhea 


By definition, primary amenorrhea is the absence of spontaneous menses by age 16 or age 14 in 
the absence of secondary sexual characteristics. After pregnancy is excluded, possible causes fall 


into four categories: (1) anatomic defects, (2) ovarian failure, (3) chronic anovulation with a 
normal estrogen level, and (4) chronic anovulation with a low estrogen level. The most common 
causes of primary amenorrhea include ovarian failure due to Turner syndrome, miillerian duct 
agenesis, congenital hypopituitarism, anorexia nervosa (or other causes of a low BMI), and 
systemic illnesses. Primary amenorrhea always requires a thorough evaluation by a gynecologist 
and/or endocrinologist. 
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Secondary and Hypothalamic Amenorrhea 


By definition, secondary amenorrhea is the absence of menses for 3 or more consecutive months 
in a woman who previously has menstruated. Oligomenorrhea (irregular and infrequent menses) 
is much more common than complete amenorrhea, but the diagnostic considerations are similar, 
and the same four diagnostic categories of primary amenorrhea apply. The incidence of an 
underlying pathologic process in women with amenorrhea after the use of cyclic oral 
contraceptive regimens is the same as in women with spontaneous amenorrhea. Therefore, 
women who do not resume their menstrual cycle after discontinuing an oral contraceptive should 
be evaluated just as women with spontaneous amenorrhea. 


Excluding pregnancy, polycystic ovary syndrome (PCOS), a form of chronic anovulation with 
normal estrogen levels, is the most common cause of secondary amenorrhea. Asherman 
syndrome due to endometrial scarring should be considered as the cause in any woman who 
previously had dilation and curettage or a uterine infection. Hyperprolactinemia causes chronic 
anovulation with normal or low estrogen levels. Premature ovarian failure may be caused by 
mosaic Turner syndrome or autoimmune oophoritis. Hypothalamic amenorrhea may be caused 
by a tumor or infiltrative lesion (such as lymphoma or sarcoidosis). More commonly, 
hypothalamic amenorrhea is functional and due to stress, excessive loss of body weight, 
excessive exercise, or some combination thereof and is a diagnosis of exclusion. The effects of 
prior chemotherapy or radiation therapy should be considered in cancer survivors. 
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Diagnosis and Workup of Amenorrhea 


The female reproductive axis is particularly vulnerable to disruption by systemic illnesses and 
weight loss. Therefore, obtaining a good general history and performing a thorough physical 
examination are essential for diagnosis. In primary amenorrhea, the absence of secondary sexual 
characteristics and the finding of masculinization are both features that can guide further 
evaluation. A pregnancy test is customary, although women with primary amenorrhea and no 
secondary sexual characteristics are unlikely to be pregnant. 


To screen for ovarian failure and other common endocrinologic causes of amenorrhea, initial 
laboratory studies should include measurement of FSH, prolactin, thyroid-stimulating hormone, 
and free thyroxine levels. Serum FSH values greater than 35 mU/mL (35 U/L) are consistent 
with ovarian failure, and values of 20 to 35 mU/mL (20-35 U/L) suggest low ovarian reserve. In 
women younger than 30 years with primary amenorrhea, a karyotype (using blood or skin 
fibroblasts) should be obtained to exclude Turner variants, even in the absence of classic 
stigmata. Hyperprolactinemia requires further pituitary testing and imaging; referral to an 
endocrinologist is recommended. 


If the screening laboratory studies do not reveal a diagnosis, the cornerstone of further evaluation 
is a progestin withdrawal challenge with medroxyprogesterone acetate, 10 mg/d orally for 10 
days, or micronized progesterone, 200 mg/d orally for 12 days. Menstruation with progestin 
withdrawal indicates normal estrogen production and a patent outflow tract, which categorizes 
the amenorrhea as chronic anovulation with a normal estrogen level. The absence of menses with 
progestin withdrawal indicates a low estrogen level and/or an anatomic defect. The pelvic 
anatomy, therefore, should be assessed with ultrasonography, MRI, or hysterosalpingography. 


PCOS is by far the most common cause of secondary amenorrhea or oligomenorrhea. Other 
causes of chronic anovulation in patients with normal estrogen levels include 
hyperprolactinemia, Cushing syndrome, and mild (nonclassic) 21-hydroxylase deficiency, all of 
which are states of androgen excess. Because an ovarian ultrasound shows polycystic ovarian 
morphology in at least 25% of normal cycling women and does not distinguish primary from 
secondary PCOS, ultrasonography is not routinely recommended. A total serum testosterone 
level greater than 150 ng/dL (5.21 nmol/L) suggests an androgen-producing ovarian or adrenal 
tumor or other significant disorder and requires further evaluation and imaging. 
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Hirsutism and Polycystic Ovary Syndrome 


Hirsutism is a common problem in young women and should be evaluated in the context of the 
patient’s history and ethnic extraction. The history of a woman with hirsutism should ascertain 
the age of onset, rate of progression, presence of virilization (voice deepening, clitoral 
enlargement), and presence of other symptoms, such as galactorrhea, bruising, or myopathy. 
PCOS, the most common cause of hirsutism, normally starts during pubertal development, 
progresses slowly, and does not cause virilization or cushingoid features. A measurement of the 
total serum testosterone level is recommended to exclude androgen-producing tumors, Cushing 
syndrome, and occult 21-hydroxylase deficiency, particularly when the hirsutism involves 
sudden onset and rapid progression. Exogenous androgen use, including use of nutraceuticals 
(such as dehydroepiandrosterone), should be considered in the differential diagnosis of hirsutism. 


The diagnosis of PCOS, according to the current Rotterdam criteria, requires two of the three 
following findings: ovulatory dysfunction, laboratory or clinical evidence of hyperandrogenism, 
and ultrasonographic evidence of polycystic ovaries. Additional diagnostic testing for Cushing 
syndrome, 21-hydroxylase deficiency, hyperprolactinemia, and other disorders is based on the 


history and physical examination findings. Because PCOS is associated with progression to 
diabetes mellitus and the metabolic syndrome, the measurement of fasting glucose and lipid 
levels also is appropriate in women with PCOS. 


The management of hirsutism and PCOS varies according to the patient’s symptoms and needs. 
If fertility is not desired, spironolactone plus an oral contraceptive pill containing a progestin 
with low androgenicity (desogestrel, norgestimate, gestodene, or drospirenone) is a good first- 
line combination therapy. Other androgen antagonists, such as flutamide, bicalutamide, and 5a- 
reductase inhibitors (finasteride, dutasteride), offer little advantage and are more costly. 
Metformin decreases the serum testosterone level and improves ovulation rates in women with 
PCOS, even in those with normal insulin sensitivity. Although metformin is effective and does 
not appear to be teratogenic, patients should be counseled that the treatment of PCOS with 
metformin is an off-label indication and that ovulation and pregnancy may occur. Given the 
favorable effect of metformin on lipid profiles and progression to diabetes in selected 
populations, chronic metformin therapy offers many advantages and should be considered, either 
alone or in combination with other agents, a first-line therapy when metabolic abnormalities are 
significant. All women require endometrial protection and withdrawal bleeding every 1 to 3 
months at a minimum. 


Clomiphene is superior to metformin for producing live births with oral therapy alone in women 
with PCOS who desire children, but infertility treatments such as clomiphene should be 
prescribed only by a reproductive endocrinologist, who may also recommend in vitro 
fertilization. 


The transition to a coarse terminal hair is irreversible, and the effects of oral therapy on hirsutism 
will not be evident for at least 3 months. Antiandrogen therapy renders the hair shafts thinner and 
maintains follicles in the resting (telogen) state longer, which yields fewer and less conspicuous 
terminal hairs at any given time. Topical eflornithine cream can be useful for treating small 
problem areas of hirsutism. Mechanical methods, including plucking, shaving, waxing, 
electrolysis, and laser therapy, provide more rapid and, in some cases, permanent cosmetic 
effects without systemic exposure to drugs. Risks, benefits, and costs of various monotherapies 
and combination therapies for hirsutism must be weighed for each patient. 
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Female Anabolic Steroid Abuse 


Some women also abuse androgens for reasons similar to those of men but usually at lower doses 
for physique enhancement. In addition to breast atrophy, anovulation, hirsutism, and acne, the 
virilizing side effects of androgen abuse (voice deepening and enlargement of the clitoris) are 
particularly specific and often irreversible. Unlike men, women do not experience a physiologic 
hypogonadism on androgen withdrawal, but the psychological changes of withdrawal can be 
severe. 
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Calcium and Bone Disorders 


Regulation of Calcium Metabolism 
Hypercalcemia 


Hypocalcemia 
Metabolic Bone Disease 


Key Points 


e Calcium and phosphorus balance is maintained within a narrow physiologic range 
through the interactions of parathyroid hormone, vitamin D, and, to a lesser extent, 
calcitonin. 

e Measurement of serum levels of 25-hydroxy vitamin D; provides the best indicator of 
total body vitamin D stores. 

e Serum parathyroid hormone (PTH) levels are elevated or inappropriately normal in the 
PTH-mediated causes of hypercalcemia and are suppressed in the non—PTH-mediated 
causes. 

e Primary hyperparathyroidism is the most common cause of hypercalcemia in the 
outpatient setting; cancer is the most common cause in hospitalized patients. 

e Minimally invasive parathyroidectomy with intraoperative measurement of the 
parathyroid hormone level is becoming the preferred surgical treatment of primary 
hyperparathyroidism. 

e Hyperparathyroidism associated with the multiple endocrine neoplasia syndromes 
typically involves four-gland hyperplasia, is associated with additional endocrine 
syndromes, and requires removal of three or more glands for surgical cure. 

e The most common cause of acquired hypocalcemia is surgical excision of or vascular 
injury to the parathyroid glands during neck surgery. 

e Acute symptomatic hypocalcemia should be treated with intravenous calcium gluconate. 


e In hypoparathyroidism, the serum calcium level should be maintained in the low-normal 
range to prevent hypercalciuria, renal stones, and renal failure. 

e Osteoporosis is present when the T-score is below —2.5 on bone mineral densitometry. 

e Oral alendronate, oral risedronate, and subcutaneous teriparatide reduce the risk of both 
vertebral and nonvertebral fractures in patients with osteoporosis; annual intravenous 
administration of zoledronate significantly reduces the risk of both vertebral and hip 
fractures in women. 

e Osteomalacia is characterized by decreased bone mineralization and low or normal 
ionized calcium, normal or high parathyroid hormone, and low vitamin D levels. 

e Paget disease should be treated if symptoms are present or if lytic involvement of the 
vertebrae, skull, weight-bearing bones, or areas adjacent to major joints occurs; 
bisphosphonates are the therapeutic agents of choice for Paget disease. 
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Regulation of Calcium Metabolism 


Maintenance of the body calcium stores depends on dietary calcium intake, absorption of 
calcium from the gastrointestinal tract, and regulation of renal calcium excretion. In a balanced 
diet, roughly 1000 mg/d of calcium is ingested. Depending on the concentration of circulating 
vitamin D, 200 to 400 mg of calcium is absorbed from the intestine each day, with the remainder 
appearing in the stool. Calcium balance is maintained through renal calcium excretion, which 
averages 200 mg/24 h (5 mmol/24h). 


Normal total serum calcium levels range from 9.0 to 10.5 mg/dL (2.3 to 2.6 mmol/L). Despite its 
important intracellular roles, roughly 99% of body calcium exists in bone, mainly as 
hydroxyapatite crystals, and approximately 1% of bone calcium is freely exchangeable with the 
extracellular fluid, which makes it available for buffering changes in calcium balance. 
Approximately 40% of the total blood calcium is bound to plasma proteins, primarily albumin; 
the remaining 60% includes ionized calcium and calcium complexed with phosphate and citrate. 
The total calcium level is usually determined by clinical laboratory measurement. Ideally, the 
ionized or free calcium level also should be determined because it is the physiologically active 
form of calcium in serum. Given the technical difficulty involved, however, this measurement is 
usually restricted to patients in whom significant alteration of the protein binding of serum 
calcium is suspected (such as those with hypoalbuminemia). The ionized calcium level is 
generally assumed to be roughly 50% of the total serum calcium level. 


Calcium metabolism and phosphorus metabolism are intimately related. The regulation of 
calcium and phosphorus balance within a narrow physiologic range occurs through the 
interactions of circulating parathyroid hormone (PTH), vitamin D, and, to a lesser extent, 
calcitonin. Calcium and inorganic phosphate concentrations chemically react to form calcium 
phosphate. The normal calcium x phosphate product is estimated to be 60 meq/L; when it 
exceeds 70 meg/L, precipitation of calcium phosphate crystals in soft tissue is likely. 
Precipitation in vascular tissue accelerates arteriosclerotic vascular disease. 


PTH, secreted by the parathyroid glands, has several actions, the most important of which is to 
prevent hypocalcemia. Parathyroid cells sense decreases in the level of serum ionized calcium 
via the calcium-sensing receptor, which lies in the cell membrane of parathyroid cells. 
Hypocalcemia leads to decreased binding of calcium to the calcium-sensing receptor, with 
resultant release of preformed PTH into the circulation. PTH increases the serum calcium level 
within minutes by increasing renal and intestinal absorption of calcium and by rapidly 
mobilizing calcium and phosphate from bone (bone resorption). PTH enhances distal tubular 
calcium reabsorption. PTH also decreases renal phosphate reabsorption and thus increases urine 
phosphate losses. Urine phosphate loss prevents the solubility product of calcium and phosphate 
from being exceeded in serum as calcium levels rise in response to PTH (Figure 14). 


PTH also increases the serum calcium level by upregulation of the la-hydroxylase enzyme, 
which stimulates conversion of vitamin D to its most active form, 1,25-dihydroxy vitamin D; this 
form of vitamin D increases the percentage of dietary calcium absorbed by the intestine. Vitamin 
D3 is derived from dietary sources and by skin exposure to ultraviolet light, which converts 
cholesterol precursors to vitamin D3, which in turn is converted in the liver to 25-hydroxy 
vitamin D. This form, in turn, subsequently undergoes la-hydroxylation in the proximal renal 
tubular cells to become 1,25-dihydroxy vitamin D. Measurement of serum 25-hydroxy vitamin D 
is the best indicator of total vitamin D body stores because of its long half-life. 


Long-term increases in PTH secretion generally result in bone resorption by inhibiting osteoblast 
function and promoting osteoclast activity. PTH and 1,25-dihydroxy vitamin D both function as 
important regulators of bone growth and bone remodeling. Testing of parathyroid function 
includes measuring circulating intact PTH levels by radioimmunoassay. 


Calcitonin is secreted by the thyroid parafollicular C cells. The effect of calcitonin on bone 
metabolism is weak and is clinically significant only in pharmacologic amounts. 


1,25(OH),D, 


Increased osteoclast Increased tubular Increased intestinal 
bone resorption calcium reabsorption calcium absorption 


Decreased calcium 
excretion 


Figure 14. Overview of the metabolic systems maintaining 
calcium homeostasis. 


Ca™ = ionized calcium; GI = gastrointestinal; 1,25(OH)2D3 = 1,25-dihydroxy vitamin D; PTH = 
parathyroid hormone; fî = increased. 
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Hypercalcemia 


Hypercalcemia occurs when calcium influx from the gastrointestinal tract and bone overwhelms 
the ability of the kidneys to excrete calcium. 
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Clinical Manifestations of Hypercalcemia 


Signs and symptoms of hypercalcemia relate both to the degree of serum calcium elevation and 
to the rapidity of the increase. Mild hypercalcemia (serum calcium level <11.5 mg/dL [2.88 
mmol/L]) usually results in few symptoms. Polyuria and polydipsia can occur because of 
decreased renal concentrating capacity (nephrogenic diabetes insipidus). Dyspepsia can be 
caused by a calcium-mediated elevation in gastrin secretion that increases gastric acid 
production. Vague symptoms of depression or mild cognitive impairment also can be present. 
Symptoms become more obvious when hypercalcemia is moderate (serum calcium level of 11.5 
to 14 mg/dL [2.88 to 3.5 mmol/L]) and include anorexia, nausea, apathy, fatigue, muscle 
weakness, and constipation. Severe hypercalcemia (serum calcium level >14 mg/dL [3.5 
mmol/L]) is associated with further progression of the symptoms of moderate disease but also 
dehydration, abdominal pain, vomiting, lethargy, obtundation, and coma. 


Pancreatitis can be a clinical manifestation of hypercalcemia. Depending on its severity and 
chronicity, hypercalcemia due to hyperparathyroidism can lead to osteopenia, osteoporosis, 
nephrolithiasis, nephrocalcinosis, azotemia, and soft-tissue calcification (such as 
chondrocalcinosis and band keratopathy). Dyspepsia and hypertension also occur in patients with 
hyperparathyroidism. An electrocardiogram may show a shortened QT interval. 
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Causes of Hypercalcemia 


Hypercalcemia is encountered in both inpatient and outpatient settings. The measurement of the 
serum PTH level plays a vital role in its evaluation. When PTH levels are high or, in some 
instances, inappropriately normal, the hypercalcemia is said to be PTH mediated. 
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Parathyroid Hormone—Mediated Hypercalcemia 


PTH-mediated hypercalcemia is referred to as hyperparathyroidism. Primary 
hyperparathyroidism is the most common form of hypercalcemia in nonhospitalized patients. 
The peak incidence of hyperparathyroidism is in the fifth and sixth decades of life, with a female 
to male ratio of 3:2. The most common clinical presentation is asymptomatic mild 
hypercalcemia. 


Secondary hyperparathyroidism occurs when decreased circulating serum calcium levels 
stimulate secondarily increased secretion of PTH. This commonly occurs in vitamin D 
deficiency and chronic kidney disease. Although hypercalcemia does not occur in secondary 
hyperparathyroidism, patients with chronic kidney disease who have hypercalcemia can develop 
dysregulation of parathyroid function, which results in a condition known as tertiary 


hyperparathyroidism. Briefly, long-standing secondary hyperparathyroidism leads to four-gland 
parathyroid hyperplasia; the hyperplastic parathyroid glands are autonomous and no longer 
respond to physiologic suppression by elevated ionized calcium levels, which causes 
hypercalcemia to subsequently ensue. The PTH level is greatly elevated in this condition. 


Bone manifestations of hyperparathyroidism depend on the degree and duration of 
hypercalcemia and include osteopenia and osteoporosis, with preferential cortical bone loss. 
More advanced forms of hyperparathyroid bone disease, such as osteitis fibrosa cystica, also can 
rarely occur; radiographic manifestations of osteitis fibrosa cystica include periosteal resorption 
of the digits, irregular demineralization of the skull, and brown tumors of the long bones. 


Because patients with hyperparathyroidism have an increased filtered load of calcium, they 
frequently are hypercalciuric, despite the tendency of PTH to increase renal tubule calcium ion 
reabsorption. The hypercalciuria can cause nephrolithiasis and, less commonly, nephrocalcinosis. 
Urinary tract stones in patients with hyperparathyroidism consist of calcium oxalate and may be 
bilateral. Other clinical manifestations of hyperparathyroidism include hypertension and peptic 
ulcer disease. 


Primary hyperparathyroidism results from a solitary parathyroid adenoma in 80% to 85% of 
patients with the disorder; in 5%, double adenomas are present. Multigland parathyroid 
hyperplasia is present in 5% to 15% of patients, usually in familial syndromes (such as multiple 
endocrine neoplasia types 1 and 2a [MEN1 and MEN2a]). Parathyroid carcinoma occurs in less 
than 1%. 


The diagnosis of hyperparathyroidism requires an elevated serum calcium level with 
simultaneous demonstration of PTH levels that are elevated (in 80% to 90% of patients) or 
within normal limits (in 10% to 20%). The serum phosphorus level may be low, and urine 
calcium excretion may be greater than 400 mg/24 h (10 mmol/24 h). 


Other findings of hyperparathyroidism on laboratory study include mild hypophosphatemia 
(because PTH decreases the renal threshold for phosphate clearance) and a mild hyperchloremic 
metabolic acidosis (because PTH enhances renal excretion of bicarbonate). Serum levels of 1,25- 
dihydroxy vitamin D, which are under the direct control of PTH, are in the high or high-normal 
range, but serum levels of 25-hydroxy vitamin D, which reflect the body’s total vitamin D stores, 
are normal. 


Localization of abnormal parathyroid glands preoperatively by means of ultrasonography, 
technetium Tc 99m sestamibi scintigraphy, or MRI offers the possibility of a less invasive 
surgical approach. However, the accuracy of these radiologic modalities is variable. 


Removal of the abnormal and hyperfunctioning parathyroid tissue results in a long-term cure in 
96% of patients with hyperparathyroidism; those with complications, such as kidney stones, 
overt bone disease, or prior episodes of hypercalcemic crisis, are obvious candidates for surgical 
correction. Because most patients are asymptomatic and because there is a lack of reliable 
predictive indices regarding the development of hyperparathyroidism-related clinical problems, 
other candidates are less easy to identify. Therefore, at international workshops on primary 


hyperparathyroidism, the following criteria were proposed in 2002 and refined in 2008 as 
indications for parathyroidectomy in asymptomatic patients; a surgical candidate needs to fulfill 
any one of the criteria: 


1. Serum calcium level greater than 1 mg/dL (0.25 mmol/L) above the upper limit of normal 

2. A creatinine clearance (calculated) less than 60 mL/min (0.996 mL/s) 

3. Reduction in bone mineral density of the femoral neck, lumbar spine, or distal radius 
greater than 2.5 standard deviations below peak bone mass (T-score below —2.5) 

4. Age younger than 50 years 

5. Patients for whom medical surveillance is not desirable or possible 


Because of the high prevalence of vitamin D deficiency in patients with primary 
hyperparathyroidism, the 2008 workshop recommended measuring vitamin D levels in all 
patients and replenishing levels to normal before making a treatment decision. 


Parathyroid surgery remains the single most effective treatment option for hyperparathyroidism. 
Traditionally, this has meant bilateral exploration of the neck to identify all (typically four) 
parathyroid glands, assess which ones are abnormal, and remove only the abnormal glands. In 
experienced hands, this approach has a high rate of successful long-term cure (greater than 96%) 
and a low rate of surgical complications (less than 1% for hypercalcemia, 2% to 5% for recurrent 
laryngeal nerve injury, and less than 1% for neck hematoma or infection). 


In recent years, parathyroid procedures have been developed that use smaller incisions under 
sedation and local anesthesia, which allows for outpatient surgery. Minimally invasive 
parathyroid surgery can include laparoscopic surgery, radioguided parathyroidectomy, or, most 
frequently, unilateral neck surgery only. Minimally invasive parathyroid surgery is appropriate 
for patients who have a clearly defined parathyroid abnormality seen on an ultrasound or a 
sestamibi scan but is indicated only when PTH levels can be monitored intraoperatively. 
Bilateral neck exploration is mandatory for all other types of parathyroid surgery and for patients 
with familial or genetic syndromes. Management of hyperparathyroidism not treated surgically 
should ensure good hydration and, if possible, avoid the use of thiazide diuretics, which can 
increase serum calcium levels. Ambulation should be encouraged. Calcium intake should be 
normal (1000 mg/d) because excessive intake may aggravate hypercalcemia, and a low calcium 
intake may stimulate PTH secretion and aggravate bone disease. Bisphosphonates can be used to 
improve bone density but have little effect on serum calcium levels in patients with primary 
hyperparathyroidism. 
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Familial Forms of Hyperparathyroidism 


The literature suggests that up to 10% of patients with primary hyperparathyroidism have 
hereditary forms. The most common familial form of hyperparathyroidism is a component of 
MENIL. Primary hyperparathyroidism is almost always present in this disorder (>95% of 
patients) by age 65 years, but it can be diagnosed in children and even infants. Indications for 


surgical intervention are generally the same as in other types of hyperparathyroidism. The 
presence of four-gland hyperplasia mandates a more complete surgery, such as a three-and-one- 
half parathyroid gland resection or removal of all four glands with reimplantation of one gland 
into the musculature of the forearm to maintain accessibility and prevent hypoparathyroidism. 
Pancreatic tumors, present in 30% to 80% of patients with MEN1, are islet cell tumors that most 
commonly secrete gastrin and cause Zollinger-Ellison syndrome (~ two thirds of patients). The 
second most common pancreatic tumor is an insulinoma. Pituitary adenomas affect 15% to 50% 
of patients with MEN1 and are mostly prolactinomas, although tumors causing acromegaly and 
Cushing disease also occur. Adrenocortical hyperplasia is seen in roughly one third of patients 
with MEN1. 


Hyperparathyroidism (mostly asymptomatic) also occurs in about one half of patients with 
MEN2a. Because MEN72a is associated with medullary thyroid cancer, timely thyroidectomy is 
life-saving. Other familial syndromes are rare and include the hyperparathyroidism-jaw tumor 
syndrome and familial isolated primary hyperparathryroidism. 


A careful family history is paramount in recognizing familial forms of primary 
hyperparathyroidism. Genetic testing usually confirms the diagnosis. Screening of urine for 
catecholamine overproduction is vital before surgical treatment in familial hyperparathyroidism 
because of its potential association with pheochromocytoma. 
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Non-—Parathyroid Hormone-Mediated Hypercalcemia 


When PTH levels are suppressed, the resultant hypercalcemia is said to be non—PTH mediated. 
Cancer is the most common cause of non—PTH-mediated hypercalcemia (Table 28) and the most 
frequent cause in hospitalized patients. Humoral hypercalcemia of malignancy and local 
osteolytic hypercalcemia are the major forms of cancer-associated hypercalcemia. 


Humoral hypercalcemia of malignancy results from the systemic effect of a circulating factor 
produced by neoplastic cells. The hormone most commonly responsible for this syndrome is 
PTH-related protein. This protein’s N terminal shares significant homologic features with PTH. 
PTH-related protein shares most, if not all, of the metabolic effects of PTH, including osteoclast 
activation, increased renal tubular calcium reabsorption, and increased renal clearance of 
phosphorus. Because tumors that produce PTH-related protein (see Table 28) do so in small 
quantities, patients who have associated hypercalcemia on presentation usually have an extensive 
tumor burden. Therefore, it is unusual for hypercalcemia to be the presenting feature of cancer. 
Another form of humoral hypercalcemia of malignancy is caused by the unregulated production 
of calcitriol, usually by B-cell lymphomas. This type is less common than the one associated 
with PTH-related protein. 


In contrast, local osteolytic hypercalcemia occurs when tumor growth in the skeleton leads to the 
release of calcium by the elaboration or stimulation of local cytokines and other osteoclast- 


activating factors. The classic tumor is multiple myeloma. Adenocarcinoma of the breast and 
certain lymphomas also may be responsible. 


Other non—PTH-mediated causes of hypercalcemia include granulomatous diseases, such as 
sarcoidosis or tuberculosis (increased 1,25-dihydroxy vitamin D production). In addition, 
endocrine disorders, such as thyrotoxicosis (increased bone turnover), primary adrenal 
insufficiency (decreased vascular volume and calcium clearance), and pheochromocytoma 
(production of PTH-related protein), occasionally result in hypercalcemia. Prolonged 
immobilization also is associated with hypercalcemia, usually in young persons with an active 
skeleton or in older persons with either Paget disease of bone or previously unrecognized 
hyperparathyroidism. Certain drugs or supplements, including thiazide diuretics, lithium, vitamin 
D, and vitamin A, can also raise serum calcium levels, and the milk-alkali syndrome results 
when large amounts of both calcium and alkali are consumed on a long-term basis. 


Benign familial hypocalciuric hypercalcemia is a rare familial condition caused by inactivating 
mutations of the calcium-sensing receptor, which has a major function in regulating calcium 
metabolism through parathyroid tissue and renal calcium. The disorder is autosomal dominant 
with high penetrance. There is decreased sensitivity of the calcium-sensing receptor to calcium; 
therefore, higher calcium levels are required to suppress PTH secretion. Heterozygous patients 
generally have hypercalcemia, hypocalciuria, and mild hypermagnesemia at presentation. 
Fractional excretion of calcium is less than 1% despite the hypercalcemia, and the PTH level is 
normal or slightly elevated. The clinical significance of this disease lies mostly in its mistaken 
diagnosis as hyperparathyroidism. The commonly performed subtotal parathyroidectomy cannot 
correct hypercalcemia in this disorder, and patients sometimes undergo multiple surgical 
procedures. To avoid unnecessary surgery, all patients with possible primary 
hyperparathyroidism require measurement of urine calcium excretion. 


Genetic testing is not routinely available for benign familial hypocalciuric hypercalcemia. In 
patients without symptoms, a family history should uncover more family members with 
hypercalcemia; urine calcium excretion is low, with approximately 75% of patients excreting 
less than 100 mg/24 h (2.5 mmol/24 h). The ratio of calcium clearance to creatinine clearance 
may be used for diagnosis and is calculated by the following formula: 


in which ClCa is calcium clearance, ClCr is creatinine clearance, Cay is the urine calcium 
excretion, Cr, is the serum creatinine level, Cr, is the urine creatinine excretion, and Ca, is the 
serum calcium level. A ratio of 0.01 or less is typically seen in persons with benign familial 
hypocalciuric hypercalcemia. 


Table 28. Mechanisms and Causes of Malignancy-Associated 
Hypercalcemia 


Humoral Hypercalcemia of Malignancy 


Parathyroid hormone-related protein 
Squamous cell carcinoma 
Lung 
Oral cavity, larynx 
Esophagus 
Cervix, vulva 
Adenocarcinoma 
Breast 
Ovary 
Renal cell carcinoma 
Transitional cell carcinoma 
T-cell lymphoma 
Islet cell neoplasms 
Myeloma 

Increased 1,25-Dihydroxy Vitamin D 
B-cell lymphoma 

Local Osteolytic Hypercalcemia 

Myeloma 
Breast carcinoma 
Lymphoma 
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Treatment of Acute Hypercalcemia 


The need to treat hypercalcemia depends on the degree of hypercalcemia and the presence or 
absence of clinical symptoms. If the serum calcium level is less than 12 mg/dL (3.0 mmol/L) and 
the patient has no symptoms, treatment is unnecessary. In patients with moderate calcium 
elevation (12 to 14 mg/dL [3.0 to 3.5 mmol/L]) without symptoms, treatment can simply be 
adequate hydration, but in those with moderate calcium elevation and symptoms consistent with 
hypercalcemia, more aggressive treatment is necessary. Patients with serum calcium levels 
greater than 14 mg/dL (3.5 mmol/L) should be treated aggressively, regardless of symptoms. 


Measures taken to treat hypercalcemia include nonspecific therapies aimed at increasing urine 
calcium excretion and decreasing intestinal absorption of calcium, therapies specifically aimed at 
slowing bone resorption, therapies that directly remove calcium from the circulation, and 
therapies aimed at controlling the underlying disease(s) causing the hypercalcemia. Urine 
calcium excretion can be attained by inhibition of proximal tubular and loop sodium 
reabsorption, which is best achieved by volume expansion using intravenous normal saline 
infusion (1 to 2 L for 1 hour). This will result in a marked increase in sodium, calcium, and water 
delivery to the loop of Henle. After the hypovolemia has been corrected, adding a loop diuretic 


(such as furosemide) has been advocated, but the unproved utility and potential adverse effects 
of this measure (such as hypokalemia and aggravation of hypovolemia) and the availability of 
bisphosphonate therapy have led to a recent reappraisal of this approach. Volume repletion alone 
will result in a marked increase in excretion of calcium, water, and other electrolytes in the urine. 
Water, sodium, potassium, and chloride must be continuously replaced, as should magnesium if 
the treatment lasts more than 10 hours. Urinary flow should exceed 250 mL/h during this time, 
and the serum calcium level will start decreasing within 2 to 4 hours. Recurrent hypovolemia 
should be avoided. Hemodialysis or peritoneal dialysis with low levels of calcium in the dialysis 
fluid is also very effective for removing calcium from the circulation. These methods are used in 
patients with renal insufficiency and heart failure when saline infusion is not feasible. 


Hypercalcemia due to increased 1,25-dihydroxy vitamin D production in patients with 
granulomatous diseases (sarcoidosis or lymphoma) can be treated with prednisone for 2 to 5 
days. Intestinal calcium absorption can be partially blocked by phosphate-containing drugs that 
form insoluble calcium phosphate complexes and prevent absorption. Reducing calcium intake to 
400 mg/d or less is also beneficial. 


When bone resorption is the main source of calcium, inhibiting it lowers the serum calcium 
level. Drugs used for this purpose include bisphosphonates, calcitonin, gallium nitrate, and 
plicamycin (formerly mithramycin). 


Bisphosphonates powerfully inhibit osteoclast-mediated bone resorption and very effectively 
lower the serum calcium level. Their maximum effect is seen in 2 to 4 days, and the duration of 
effect is usually several weeks, varying between patients and depending on the type of 
bisphosphonate. Pamidronate, etidronate, alendronate, and zoledronate are the bisphosphonates 
currently available in the United States, but only pamidronate and zoledronate are approved by 
the U.S. Food and Drug Administration (FDA) to treat hypercalcemia. Pamidronate is given by 
intravenous infusion over 4 to 24 hours. The initial dose varies according to the serum calcium 
level; a subsequent dose should not be given for 7 days. Zoledronate appears to have the longest- 
lasting effect (1 to 1.5 months) and a faster onset of action. Given in a 15-minute intravenous 
infusion, it is FDA-approved for use in hypercalcemia of malignancy. Because of the lag in the 
onset of effect, bisphosphonates should be combined with faster-acting therapeutic modalities, 
such as intravenous saline infusion and calcitonin injections. The most common adverse effects 
of bisphosphonates are gastrointestinal. Trials have reported esophageal ulcerations from all 
bisphosphonates, except zoledronate. A link between atrial fibrillation and either zoledronate or 
alendronate has also been shown. Osteonecrosis of the jaw is a recently described adverse effect 
of bisphosphonate therapy. Oversuppression of bone turnover is the most likely primary 
mechanism for the development of this condition. For further discussion, see MKSAP 15 


Hematology and Oncology. 


Calcitonin, which can be given subcutaneously or intramuscularly every 12 hours, has a very 
rapid calcium-lowering action (4-6 hours). However, calcitonin is effective in only 60% to 70% 
of patients with hypercalcemia, and most of them develop tachyphylaxis in 48 to 72 hours, most 
likely because of receptor downregulation. Gallium nitrate is potent but nephrotoxic and requires 
prolonged infusion (usually 5 days); only limited experience with it exists in clinical practice. 


Plicamycin use is limited by its toxicity, particularly in patients with renal, liver, or bone marrow 
disease. 
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e Causes and Diagnosis of Hypocalcemia 
e Therapy for Hypocalcemia 
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Causes and Diagnosis of Hypocalcemia 


Hypocalcemia varies from a mild asymptomatic biochemical abnormality to a severe life- 
threatening disorder, depending on its duration, severity, and rapidity of development. The 
causes of hypocalcemia (Table 29) involve either increased loss of calcium from the circulation 
or insufficient entry of calcium into the circulation. 


A low total serum calcium level is usually caused by a low serum albumin level; the ionized 
calcium level is normal. The most common cause of acquired hypocalcemia is 
hypoparathyroidism, which often occurs because of ischemic damage to or removal of the 
parathyroid glands at the time of surgery in the central neck (such as thyroidectomy or resection 
of a head and neck cancer). This disorder develops in 1% to 2% of patients after a total 
thyroidectomy for thyroid cancer or benign thyroid disease. Autoimmune hypoparathyroidism 
occurs as an isolated defect or as part of polyglandular autoimmune syndrome type 1 in 
association with adrenal insufficiency and mucocutaneous candidiasis. 
Pseudohypoparathyroidism, another cause of hypocalcemia, comprises a group of disorders 
whose exact mechanism is thought to involve postreceptor resistance to the effects of PTH. 


Congenital causes of hypocalcemia include constitutively activating mutations of the calcium- 
sensing receptor that reset the calcium-PTH relationship to a lower serum calcium level and 
hypoplasia or aplasia of the parathyroid glands (DiGeorge syndrome). See Table 29 for other 
causes of hypocalcemia. 


Chronic moderate hypocalcemia can be completely asymptomatic, but severe hypocalcemia 
directly causes increased neuromuscular irritability. The chief clinical manifestation of 
hypocalcemia is tetany. Other symptoms include perioral and fingertip paresthesia, spontaneous 
muscle cramps, and contraction of the respiratory and laryngeal muscles. Alkalosis, 
hypokalemia, and hypomagnesemia aggravate symptoms of hypocalcemia, and acidosis 
diminishes them. 


The diagnosis of hypocalcemia is suggested by a positive Chvostek sign (unilateral contraction 
of the facial muscles when the facial nerve is tapped just in front of the ear) and Trousseau sign 
(carpal spasm after occluding the brachial artery with an inflated blood pressure cuff) and 
confirmed by the finding of a serum total calcium level less than 8.2 mg/dL (2.05 mmol/L) or an 
ionized calcium level less than 4.4 mg/dL (1.1 mmol/L). Concomitant renal failure, cell lysis 
syndromes, hypomagnesemia, hypermagnesemia, and acute pancreatitis should be diagnosed or 
excluded with appropriate history, physical examination, and laboratory studies; serum 
magnesium levels less than 1.0 mg/dL (0.413 mmol/L) should be corrected (see later discussion 
of patients with coexisting impaired kidney function). If none of these conditions is found, intact 
PTH, 25-hydroxy vitamin D, and 1,25-dihydroxy vitamin D levels need to be measured. 


A measurement of the 25-hydroxy vitamin D level is more informative in most patients with 
hypocalcemia than is a measurement of the 1,25-dihydroxy vitamin D level because vitamin D 
deficiency causes hypocalcemia and stimulates PTH secretion, which in turn stimulates renal 
conversion of 25-hydroxy vitamin D to 1,25-dihydroxy vitamin D. Low dietary intake, poor 
absorption of vitamin D, and lack of production of 25-hydroxy vitamin D in the skin will result 
in its low serum level. The level will also be low in patients on phenytoin, those with nephrotic 
syndrome (loss of vitamin D-binding protein), and those with hepatobiliary disease. 1,25- 
Dihydroxy vitamin D levels will be low despite normal or high 25-hydroxy vitamin D levels in 
patients with renal insufficiency, deficiency of the renal la-hydroxylase enzyme, and 
hypoparathyroidism. High levels of 1,25-dihydroxy vitamin D are seen in hereditary vitamin D- 
resistant rickets. 


Table 29. Causes of Hypocalcemia 


Condition Characteristics 
Disorders of vitamin D metabolism Laboratory findings of mild hypocalcemia, 
(vitamin D deficiency) hypophosphatemia, elevated PTH level, decreased 25- 
Lack of sunlight hydroxy vitamin D level, and decreased 1,25-dihydroxy 


vitamin D level if renal disease is present. Vitamin D 
deficiency is widespread among housebound and 
institutionalized elderly and general medical patients with 
Malabsorption disorders that predispose to altered vitamin D metabolism. 
Liver disease 


Dermatologic disorders 
Dietary deficiency 


Renal disease 


Vitamin D—dependent rickets type I 
(1a-hydroxylase deficiency) 


Vitamin D resistance Laboratory findings of hypocalcemia, hypophosphatemia, 

Vitamin D-dependent rickets type II elevated PTH level, and elevated 1,25-dihydroxy vitamin 
D level when treated with vitamin D; vitamin D-—receptor 
defect causes resistance to 1,25-dihydroxy vitamin D3. 


Hypoparathyroidism Laboratory findings of hypocalcemia, hyperphosphatemia, 


Postsurgical (thyroid, parathyroid, or and a low or inappropriately normal PTH level; 
neck surgery) postsurgical hypoparathyroidism is the most common 


Autoimmune (such as polyglandular form. 
autoimmune syndrome) 


Congenital (such as DiGeorge 
syndrome) 


Infiltrative (such as 
hemochromatosis, sarcoidosis) 


PTH resistance Laboratory findings of hypocalcemia, hyperphosphatemia, 

Pseudohypoparathyroidism and an elevated PTH level with a normal 25-hydroxy 
vitamin D level; pseudohypoparathyroidism type la is an 
autosomal dominant disorder marked by resistance to 
multiple hormones and Albright hereditary osteodystrophy 
(short stature, obesity, round facies, brachymetacarpia, 
and mental deficiency). 


Hypomagnesemia Laboratory findings of hypomagnesemia and 
Chronic diuretic use hypocalcemia with a low, normal, or high PTH level; 
. hypomagnesemia causes impaired PTH secretion and PTH 
Alcoholism : ee : ` : 
i resistance with impaired tissue responsiveness to PTH. 
Diarrhea 
Malabsorption 


Certain drugs (amphotericin B, 

aminoglycosides, cisplatin) 

Medications Laboratory findings of hypocalcemia and low 25-hydroxy 
Those altering vitamin D metabolism vitamin D or 1,25-dihydroxy vitamin D level (with agents 
(phenytoin, phenobarbital, isoniazid, that alter vitamin D metabolism); hypocalcemia can 
theophylline, rifampin, 5-fluorouracil develop rapidly with use of some medications, especially 
plus leucovorin) if given intravenously. 


Those causing intravascular binding 
(phosphate, foscarnet, EDTA, citrated 


blood products) 

Bisphosphonates 

Extravascular deposition Laboratory findings of hypocalcemia and hyper-or 
Pancreatitis hypophosphatemia; in pancreatitis, hypocalcemia results 


from the deposition of calcium in the form of calcium 


H í 
tner pone syndrome soaps. Hyperphosphatemia suggests rhabdomyolysis or 


Rhabdomyolysis tumor lysis syndrome with release of phosphate from the 
Tumor lysis syndrome bone, whereas hypophosphatemia is seen in hungry-bone 
Osteoblastic metastases syndrome or in osteoblastic metastases. 

Sepsis Laboratory findings of hypocalcemia and low PTH and 
1,25-dihydroxy vitamin D levels; most likely mediated by 
the action of inflammatory cytokines on the parathyroid 
glands, kidneys, and bone. 

Acute respiratory alkalosis Laboratory findings of a normal total serum calcium level 


but a low ionized calcium level (increased calcium 
binding to albumin in the serum with resultant reduction 


in serum ionized calcium level). 


Artifactual hypoglycemia with Laboratory findings of a low total serum calcium level and 

hypoalbuminemia a normal ionized calcium level (reduced protein binding 
lowers total serum calcium level but ionized fraction 
remains normal). 


EDTA = ethylenediaminetetraacetic acid; PTH = parathyroid hormone. 
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Therapy for Hypocalcemia 


Patients with acute symptomatic hypocalcemia (serum total calcium level usually <7.0 mg/dL 
[1.75 mmol/L] and ionized calcium usually <3.2 mg/dL [0.8 mmol/L]) should be treated 
promptly with intravenous calcium. Calcium gluconate is preferred over calcium chloride 
because tissue necrosis is less if extravasated. The first 100 to 200 mg of elemental calcium (1 to 
2 g of calcium gluconate) should be given over 10 to 20 minutes. Faster administration can result 
in cardiac dysfunction, a prolonged QT interval, and even cardiac arrest. This treatment should 
be followed by a slow calcium infusion at 0.5 to 1.5 mg/kg/h, with infusion continued until the 
patient is receiving effective dosages of oral calcium and vitamin D. Infused calcium should be 
diluted in saline or dextrose solution to avoid vein irritation. The infusion solution should contain 
no bicarbonate or phosphate because both can form insoluble calcium salts. If bicarbonate or 
phosphate administration is necessary, a separate intravenous line should be used. 


Coexisting hypomagnesemia should be corrected, but great care must be taken in patients with 
impaired renal function because they cannot excrete excess magnesium. Magnesium is given by 
infusion in the form of magnesium sulfate. In patients with severe hyperphosphatemia (as in 
tumor lysis syndrome, rhabdomyolysis, or chronic renal failure), treatment is focused on 
correcting the hyperphosphatemia. Acute hyperphosphatemia usually resolves in patients with 
intact renal function. Phosphorus excretion may be aided by saline infusion (used cautiously 
because it can lead to worsening of hypocalcemia) and administration of acetazolamide, a 
carbonic anhydrase inhibitor. Hemodialysis is often necessary in patients who have symptomatic 
hypocalcemia and hyperphosphatemia, especially if renal function is impaired. Chronic 
hyperphosphatemia should be managed by a low-phosphate diet and use of phosphate binders 
with meals. 


Chronic hypocalcemia due to hypoparathyroidism is treated by administration of oral calcium 
and, if unsuccessful, vitamin D supplementation. The serum calcium level should be targeted to 
approximately 8.0 mg/dL (2.0 mmol/L). Most patients will be entirely asymptomatic at this 
level, and further elevation will lead to hypercalciuria, renal stones, nephrocalcinosis, and renal 
failure because of the lack of PTH effect on the renal tubules. 


Calcium carbonate is inexpensive but may be poorly absorbed, especially in elderly patients and 
those with achlorhydria. If oral calcium preparations alone cannot achieve adequate calcium 
repletion, vitamin D should be added. Appropriate doses of calcium and vitamin D are 
established by gradual titration. When the target serum calcium level is achieved, urine calcium 
excretion needs to be measured. If hypercalciuria is detected, a thiazide diuretic can be added, 
which will result in diminished calciuria but may further increase the serum calcium level. 
Phosphorus levels should also be controlled. If the serum phosphorus level is greater than 6.0 
mg/dL (1.94 mmol/L) at a time when calcium is satisfactory, an unabsorbable phosphate binder 
should be added to the regimen. 


Once therapeutic goals are achieved, the patient should be monitored every 3 to 6 months for 
serum calcium and phosphorus levels and for urine calcium excretion. 
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Metabolic Bone Disease 


Two common metabolic bone disorders are osteoporosis and Paget disease of bone. Both have 
generalized symptoms that may not be clinically apparent in all patients. 
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Osteoporosis 


Osteoporosis is a skeletal disorder characterized by compromised bone strength that predisposes 
a person to an increased risk of fracture. This definition recognizes that other factors also 
influence bone quality, such as the microarchitecture of bone. However, measurement of bone 
mineral density remains the most useful clinical tool available for diagnosing osteoporosis. In the 
United States, more than 44 million people have osteoporosis or osteopenia (low bone mass). 
Potentially modifiable risk factors for osteoporosis include: 


Low dietary calcium intake 

Inadequate physical activity 

Low body weight 

Cigarette smoking 

Alcohol 

Excessive exercise (causing functional amenorrhea) 


Nonmodifiable risk factors include: 


e Increasing age 
e Female sex 
e Race (white or Asian) 


e Previous fragility fracture 
e Family history of fragility fracture in a first-degree relative 
e Impaired mobility 


The presence of one or more of these risk factors warrants measurement of bone mineral density. 
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World Health Organization Criteria 


The World Health Organization Working Group defines osteoporosis (and osteopenia) according 
to measurements of bone mineral density obtained on dual-energy x-ray absorptiometry 
(DEXA). DEXA scan results are typically reported as T-scores, or the number of standard 
deviations above or below the mean bone mineral density of young healthy adults. Osteoporosis 
is defined as a T-score of 2.5 standard deviations or more below the normal peak values for bone 
mineral density. Established or severe osteoporosis is present when there is a history of at least 
one or more fragility fractures in conjunction with a T-score below —2.5. Osteopenia is defined 
as a T-score between —1.0 and —2.5, and normal bone density is present if the T-score is above — 
1. These criteria were initially established for the assessment of osteoporosis in white women. 
Bone mineral density reports after DEXA also may include a Z-score, which is the number of 
standard deviations by which the patient differs from the mean for his or her age group; a Z- 
score has greater clinical utility in younger persons. The World Health Organization definition of 
osteoporosis only considers measurement of bone density, with no component of bone quality. 
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Prediction of Fracture Risk 


Declining bone mineral density is a continuous risk factor for fracture. For each standard 
deviation below the age-adjusted mean measured at any site, there is an approximately 1.5-fold 
increase in the relative risk of any type of fracture. A decrease of one standard deviation in 
lumbar spine bone mineral density results in a 2.3-fold increase in relative risk (95% CI, 1.9-2.8) 
for vertebral fractures. Likewise, a standard deviation decrease of one in hip bone mineral 
density increases the age-adjusted risk of hip fracture by a factor of 2.6-fold (95% CI, 2.0-3.5). 


Preexisting vertebral fractures in postmenopausal women are associated with a fourfold increase 
in the risk of a further vertebral fracture, independent of bone mineral density. However, when 
previous vertebral fractures are present with low bone mineral density measurements, the 
predictive risk of future vertebral fracture and fractures at other sites is further increased. The 
risk of hip fracture is increased independent of bone mineral density in the setting of a maternal 
history of hip fracture, increasing age, predisposing conditions leading to falls, previous 
fractures, and estrogen deficiency states. Table 30 shows indications for bone mineral density 
testing. 


Table 30. Indications for Measurement of Bone Mineral 
Density 


Women age >65 years and men age >70 years (regardless of risk factors) 


Postmenopausal women age <65 years and men age <70 years who have at least one risk factor 
for osteoporosis (other than menopause in women) 


Women or men who have fractures on presentation 


Women or men who are considering therapy for osteoporosis and for whom bone mineral 
densitometry test results would influence this decision 


Radiographic findings suggestive of osteoporosis or vertebral deformity 
Corticosteroid therapy for more than 3 months 

Primary hyperparathyroidism 

Treatment for osteoporosis (to monitor therapeutic response) 
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Evaluation 


In the evaluation of osteoporosis, causative medical conditions should be considered (Table 31). 
The use of markers of bone formation and bone resorption is limited by their circadian rhythms 
and large intra- and interassay variability. Bone biopsy is rarely indicated, except in patients with 
unusual skeletal lesions or renal osteodystrophy and in young patients with severe osteoporosis 
or a fracture without an obvious cause. 


Table 31. Causes of Secondary Osteoporosis* 


Endocrine disorders: hyperparathyroidism, Cushing syndrome, hypogonadism, hyperthyroidism, 
prolactinoma, acromegaly, osteomalacia 


Hematopoietic disorders: multiple myeloma, sickle-cell disease, thalassemia minor, leukemia, 
lymphoma, polycythemia vera 


Connective tissue disorders: osteogenesis imperfecta, homocystinuria 

Renal disease: chronic renal failure, renal tubular acidosis, hypercalciuria 
Nutritional: malabsorption, total parenteral nutrition 

Gastrointestinal disorders: gastrectomy, primary biliary cirrhosis, celiac disease 
Medications: corticosteroids, anticonvulsants, heparin 

Genetic: Turner syndrome, Klinefelter syndrome 


Not an all-inclusive list. 
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Prevention 


Prevention of bone loss in postmenopausal women should be considered when the T-score is 
below —1 and risk factors are present. Preventive measures include adequate calcium and vitamin 
D intake, exercise, smoking cessation, fall prevention, limitation of alcohol and caffeine intake, 
and use of medications (such as bisphosphonates and raloxifene). The recommended goal for 
calcium intake depends on sex and age (Table 32). Adults younger than 50 years need 400 to 
800 U/d of vitamin D, and adults age 50 years and older need 800 to 1000 U/d. Patients with 
severe vitamin D deficiency should receive 50,000 U of ergocalciferol three times weekly for 5 
weeks, after which their serum 25-hydroxy vitamin D level should be rechecked to ensure that it 
has normalized. 


Table 32. Optimal Calcium Requirements 


Group Optimal Daily Calcium Intake (mg) 
Men 
25-65 y 1000 
>65 y 1500 
Women 
25-50 y 1000 


Pregnant and nursing 1200-1500 
>50 y (postmenopausal) 1500 


On estrogen 1000 
Not on estrogen 1500 
>65 y 1500 


Adapted from Optimal Calcium Intake. NIH Consensus Statement Online 1994;12(4):1-31 
(Table 1 — Optimal Calcium Requirements). Available at 
http://consensus.nih.gov/1994/1994optimalcalcium097html.htm. 
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Indications for Therapy 


The American College of Physicians has published guidelines for the pharmacologic therapy of 
low bone density or osteoporosis to prevent fractures. High-quality evidence supports the 
pharmacologic treatment of men and women who have known osteoporosis and of those who 


have experienced fragility fractures (a spontaneous fracture or a fracture due to a fall from a 
standing height or less). Moderate-quality evidence supports a recommendation that physicians 
consider pharmacologic treatment of men and women who are at risk of developing osteoporosis. 
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Therapy for Postmenopausal Women 
Drug therapies approved by the FDA to treat osteoporosis are shown in Table 33. 


Bisphosphonates are the first-line drugs for treating osteoporosis in postmenopausal women. 
Alendronate and risedronate reduce the risk of both vertebral and nonvertebral fractures. 
Whether there are differences in fracture protection among the bisphosphonates is uncertain. All 
most likely produce greater relative and absolute fracture risk reductions in women with more 
severe osteoporosis. The recent FDA approval of annual intravenous zoledronate for the 
treatment of female osteoporosis was based on the results of a randomized, double-blind, 
placebo-controlled, multinational study that enrolled 7736 women, age 65 to 89 years, who had 
osteoporosis. Over 3 years, zoledronate significantly reduced the incidence of new vertebral 
fractures and hip fractures compared with placebo; all participants also received daily 
supplementation with elemental calcium and vitamin D. Ibandronate was first approved by the 
FDA in a daily oral tablet formulation for the treatment and prevention of postmenopausal 
osteoporosis; a once-monthly oral therapy was subsequently approved. An intravenous 
formulation was then approved on the basis of the results of the Dosing Intravenous 
Administration (DIVA) study. 


The selective estrogen-receptor modulator raloxifene is most often used in postmenopausal 
women with low bone mass or younger postmenopausal women with osteoporosis who are at a 
greater risk of spine fracture than hip fracture. Raloxifene prevents bone loss and reduces the risk 
of vertebral fractures, but its effectiveness in reducing other fractures is uncertain. This drug is 
approved for treatment and prevention of osteoporosis in postmenopausal women, for reduction 
in risk of invasive breast cancer in postmenopausal women with osteoporosis, and for reduction 
in risk of invasive breast cancer in postmenopausal women without osteoporosis who are at high 
risk for invasive breast cancer. 


Teriparatide (recombinant human parathyroid hormone [1-34]) is reserved for treating patients at 
high risk of fracture, including those with very low bone mineral density (T-score below —3.0) 
with a previous vertebral fracture and contraindications to bisphosphonate use. This therapy 
improves bone mineral density, stimulates new bone formation, and reduces the risk of new 
vertebral and nonvertebral fractures. Dosage requirements (such as daily subcutaneous 
injections) may limit its use. Teriparatide is an anabolic agent, whereas the other osteoporosis 
drugs are antiresorptive agents. 


The United States Preventive Services Task Force advises against using estrogen or estrogen 
plus progestin for the prevention of chronic diseases, including osteoporosis, after menopause, 
citing data from the Women’s Health Initiative that showed at least a trend toward an increased 


risk of breast cancer, coronary heart disease, stroke, venous thromboembolism, dementia and 
cognitive decline, and urinary incontinence with such use. Calcitonin is not a first-line drug for 
postmenopausal osteoporosis treatment; its fracture efficacy is low, and its effects on bone 
mineral density are less than those of other agents. This drug is not recommended for treating 
bone pain, except that from acute vertebral compression fractures. 


Data are inadequate to make definitive recommendations about combination or serial 
antiresorptive and anabolic drug therapy, although one study showed that concurrent teriparatide 
and bisphosphonate therapy was no better than teriparatide alone. During therapy, treatment 
goals and medications should be reevaluated on an ongoing basis through periodic medical 
examinations and follow-up bone mineral density testing. An appropriate interval for repeat bone 
mineral density testing is 2 years. The treatment of osteoporosis needs to be long-term in most 
women. 


Table 33. U.S. Food and Drug Administration—A pproved 
Medications for Osteoporosis and Approved Indications 


Medication Postmenopausal Osteoporosis in Corticosteroid-Induced 
Osteoporosis Men Osteoporosis 
Prevention Treatment Treatment Prevention Treatment 
Estrogens Yes No No No No 
Calcitonin No Yes? No No No 
Raloxifene Yes Yes No No No 
Alendronate” Yes Yes Yes No Yes 
Risedronate® Yes Yes Yes Yes Yes 
Teriparatide No Yes Yes No No 
Ibandronate? Yes Yes No No No 
Zoledronate’ Yes Yes Yes Yes Yes 


“More than 5 years after menopause. 

Oral daily or weekly dosing. 

“Oral daily, weekly or monthly dosing. 

“Oral daily or monthly dosing; intravenous dosing every 3 months. 


“Intravenous dosing once yearly. 
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Osteoporosis in Men 


Approximately 2 million American men have osteoporosis, and another 12 million are at risk for 
the disease. The primary potentially modifiable risk factors for osteoporosis in men include: 


Physical inactivity 

Cigarette smoking 

Low dietary calcium 

BMI of 20 to 25 (or lower) 

e Weight loss greater than 10% 
e Corticosteroid use 

e Alcoholism 


The primary potentially nonmodifiable risk factors include: 


e Age greater than 70 years 

e Previous fragility fracture 

e Androgen deprivation therapy (usually not modifiable) 
e Spinal cord injury 


To preserve bone health, the recognition and treatment of any underlying medical condition 
affecting bone health are necessary. Medications that cause bone loss should be identified, 
evaluated, and changed (if possible), and unhealthy habits, such as smoking, excessive alcohol 
intake, and inactivity, should be altered. Men younger than 65 years need 1000 mg/d of calcium 
and 400 to 800 U/d of vitamin D, and men age 65 years and older need at least 1500 mg/d of 
calcium and 800 to 1000 U/d of vitamin D. Engagement in a regular regimen of weight-bearing 
exercises in which bone and muscles work against gravity (such as walking, jogging, racquet 
sports, stair climbing, and team sports) should be encouraged; notably, lifting weights or using 
resistance machines appears to help preserve bone density. 


The FDA has approved three antiresorptive medications (alendronate, risedronate, and 
zoledronate) and the anabolic agent teriparatide to treat male osteoporosis. When osteoporosis is 
due to hypogonadism, testosterone replacement therapy is encouraged. 


The loss of bone mineral density with androgen deprivation therapy for prostate cancer is well 
recognized, with significant loss occurring within 12 months of therapy initiation. The annual 
loss of bone mineral density associated with androgen deprivation therapy is roughly 2% to 8% 
per year at the lumbar spine and 1.8% to 6.5% at the hip; the loss appears to continue indefinitely 
while treatment continues, and there is no recovery after therapy stops. Of men surviving at least 
5 years after the diagnosis of prostate cancer who are treated with androgen deprivation therapy, 
19.4% have a fracture compared with 12.6% of men not so treated, which is equivalent to one 
additional fracture for every 28 men treated with androgen deprivation therapy. 


Because vitamin D deficiency exacerbates the development of osteoporosis, vitamin D status 
should be evaluated before commencing androgen deprivation therapy. The use of 
bisphosphonates (zoledronate, pamidronate, and alendronate) in men treated with androgen 


deprivation therapy has been shown to prevent bone loss in prospective studies and to increase 
bone mineral density in one randomized controlled trial. However, bisphosphonates have not 
been shown to prevent fractures in men with prostate cancer. 
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Corticosteroid-Induced Osteoporosis 


Corticosteroids enhance bone resorption and decrease bone formation directly through their 
action on osteoblasts and osteoclasts and indirectly by inhibiting calcium absorption. 
Corticosteroids inhibit the replication of the osteoblastic lineage, decrease the genesis of new 
osteoblastic cells, and induce apoptosis. Although the degree of corticosteroid-induced bone loss 
is related to the total cumulative dosage, bone loss is highest (up to 30% in some studies) in the 
initial months of treatment. Initial loss is followed by slower, continuous bone loss. The extent of 
bone loss depends on the dosage and duration of therapy. The typical risk factors for 
osteoporosis may have an independent and additive effect. The risk of fragility fractures may be 
higher among postmenopausal women taking corticosteroids. 


Diagnostic thresholds based on bone mineral density have not been established for 
corticosteroid-induced osteoporosis, and established diagnostic guidelines for postmenopausal 
women do not apply in this case. At similar bone mineral density levels, patients on 
corticosteroids appear to have a higher risk of fracture than those not taking such medications. 
However, patients who have received corticosteroid therapy for 3 months should undergo bone 
mineral density measurement; therapeutic intervention is recommended if the T-score is less than 
—1.0. An initial (baseline) bone mineral density measurement should be obtained when patients 
initiate long-term (more than 6 months) corticosteroid therapy, and monitoring can be repeated 
as often as every 6 months to detect bone loss. In patients receiving antiresorptive agents, annual 
measurements are likely sufficient. 


Preventive measures must begin at the initiation of corticosteroid therapy. Bisphosphonates have 
been shown in controlled clinical trials to be the antiresorptive agents of choice for the treatment 
of corticosteroid-induced osteoporosis. 
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Osteomalacia 


e Causes 

e Clinical Features 

e Diagnostic Workup 

e Management 

e Phosphate Deficiency—Induced Mineralization Disorders 
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Causes 


Osteomalacia in adults and rickets in children are mineralization disorders in which the structural 
integrity of bone is reduced because of a deficient supply of calcium to the growth plate and 
bone surface (inadequate osteoid mineralization). Osteomalacia is an abnormality of bone, and 
rickets is an abnormality of the growth plate. Causes of osteomalacia include a very low dietary 
calcium intake, calcium malabsorption due to a bowel disorder (such as celiac disease), and 
secondary malabsorption due to vitamin D deficiency caused by a lack of exposure to sunlight. 
Rickets is clinically more evident in children than osteomalacia is in adults because of a greater 
calcium requirement for skeletal growth. Osteomalacia and rickets caused by phosphate 
deficiency are discussed later. 
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Clinical Features 


Proximal myopathy occurs in both adults and children with mineralization disorders, especially 
when vitamin D deficiency is prominent. Bone pain may be due to stress fractures that fail to 
heal (Looser zones), often in the pelvis and medial side of the femur. 
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Diagnostic Workup 


Biochemical testing should include measurements of ionized calcium, which may be low or 
normal; PTH, which may be high (secondary hyperparathyroidism) or normal; and vitamin D, 
which is generally low. An elevated level of serum alkaline phosphatase is typically present. 
However, given that bone alkaline phosphatase levels increase with age, it is essential to 
differentiate pathologic and physiologic changes. 
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Management 


Treatment of osteomalacia consists of calcium supplementation combined with vitamin D 
replacement. Although dietary calcium is effective, consuming the required quantity of calcium 
in tablet form as calcium carbonate or the better-absorbed calcium citrate is easier. Vitamin D 


replacement with ergocalciferol is appropriate, even if sunlight is available. Calcitriol, the active 
form of vitamin D, is used if renal function is compromised. 
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Phosphate Deficiency—Induced Mineralization Disorders 


Osteomalacia and rickets also can result from a deficient supply of phosphate to the bone surface 
and growth plate, respectively. Because dietary phosphorus, unlike calcium, is rarely deficient, 
phosphate deficiency is generally due to excess excretion in the urine. In adults, this can result 
from oncogenic osteomalacia (also known as tumor-induced osteomalacia), which is caused by 
typically benign, but occasionally malignant, mesenchymal tumors that secrete factors (such as 
fibroblast growth factor 23) leading to phosphate wasting and a phenotype similar to X-linked 
hypophosphatemic rickets in adults and children. Another cause of excess phosphorus secretion 
is autosomal dominant hypophosphatemic rickets, which typically presents in childhood. 


A family history is essential to rule out inherited forms of hypophosphatemic osteomalacia. The 
clinical features of the disorder are similar to those of osteomalacia secondary to vitamin D 
deficiency. Laboratory studies typically show a low serum phosphorus level and increased renal 
phosphorus excretion. Serum levels of markers of bone turnover, such as serum alkaline 
phosphatase and osteocalcin, are usually elevated. The serum calcium level is relatively normal, 
except in patients who develop hypocalcemia as a result of phosphate therapy, which can result 
in secondary hyperparathyroidism. If cancer-induced osteomalacia is suspected, bone scanning 
that uses a radiolabeled bisphosphonate tracer (which is deposited in areas of increased bone 
turnover), MRI, or CT may be needed to locate the tumor. Table 34 shows typical findings on 
laboratory study of the major acquired types of osteomalacia. 


The aim of treatment is to supply sufficient amounts of phosphorus to mineralizing surfaces to 
maintain bone structure. This is achieved with regular doses of oral phosphate and calcitriol. In 
tumor-induced osteomalacia, surgical removal of tumors leads to prompt biochemical remission. 


Table 33. U.S. Food and Drug Administration—A pproved 
Medications for Osteoporosis and Approved Indications 


Medication Postmenopausal Osteoporosis in Corticosteroid-Induced 
Osteoporosis Men Osteoporosis 
Prevention Treatment Treatment Prevention Treatment 
Estrogens Yes No No No No 
Calcitonin No Yes? No No No 
Raloxifene Yes Yes No No No 
Alendronate” Yes Yes Yes No Yes 


Risedronate® Yes Yes Yes Yes Yes 


Teriparatide No Yes Yes No No 
Ibandronate* Yes Yes No No No 
Zoledronate” Yes Yes Yes Yes Yes 


“More than 5 years after menopause. 

"Oral daily or weekly dosing. 

“Oral daily, weekly or monthly dosing. 

“Oral daily or monthly dosing; intravenous dosing every 3 months. 


“Intravenous dosing once yearly. 
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Paget Disease of Bone 


Paget disease is a localized disorder of osteoclast overactivity, which leads to the formation of 
mechanically ineffective woven or repaired, rather than lamellar, bone. This process results in 
the bending of long bones, with compensatory periosteal expansion and cortical thickening. 
Some variants of the disease are caused by a mutation in the sequestosome gene. A previously 
postulated slow virus origin remains controversial. Persons affected by the disease are 
frequently, but not exclusively, of northern European background. The condition is progressive 
throughout life but usually does not cause symptoms until middle age or later life. 
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Clinical Features and Evaluation 


Paget disease is often asymptomatic, with typical radiographic findings. When symptoms are 
present, they include localized deformity, bone pain, and fracture, including stress fracture. 
Careful examination of affected areas, noting deformity, temperature of the overlying skin, and 
localized bone pain suggestive of stress fracture, is important. Paraplegia, deafness, and high- 
output heart failure occasionally occur. 


Biochemical evaluation is directed at measuring markers of bone formation (serum alkaline 
phosphatase and osteocalcin levels) and resorption (urine deoxypyridinoline-to-creatinine 

ratio). The most useful diagnostic test is measurement of the serum alkaline phosphatase level, 
which can be very high but occasionally is within the reference range. Bone scans are the most 
sensitive means of detecting sites of Paget disease of bone. Scans are nonspecific and can be 
positive in nonpagetic areas that have degenerative changes or metastatic disease in the skeleton. 


Plain radiographs of bones noted to be positive on a bone scan should be obtained to provide the 
most specific information; changes noted on the radiograph are usually characteristic to the point 
of being pathognomonic. 
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Treatment 


Paget disease should be treated if symptoms are present or if lytic involvement of the vertebrae, 
skull, weight-bearing bones, or areas adjacent to major joints occurs. Symptomatic treatment 
with analgesics may be all that is required. However, with the development of powerful, 
effective, and safe bisphosphonates, therapy to prevent long-term deformity is now possible with 
alendronate, risedronate, or zoledronate. 
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Disorders of the Esophagus 


Symptoms of Esophageal Disorders 
Gastroesophageal Reflux Disease 


Barrett Esophagus 
Esophageal Carcinoma 


Esophageal Motility Disorders 
Infectious, Pill-induced, and Eosinophilic Esophagitis 


Key Points 


e Oropharyngeal dysphagia occurs immediately with deglutition and often has a 
neuromuscular origin. 

e Esophageal dysphagia usually occurs after the initiation of a swallow and is often caused 
by a mechanical interference with swallowing. 

e Dysphagia for solids is usually caused by a structural lesion; dysphagia for both solids 
and liquids is usually caused by a motility disorder. 

e Odynophagia is usually caused by esophageal ulceration. 

e Transient relaxation of the lower esophageal sphincter is an important cause of 
gastroesophageal reflux disease. 

e Ambulatory pH monitoring is the gold standard for the diagnosis of gastroesophageal 
reflux disease. 

e Empiric therapy with a proton pump inhibitor has an acceptable sensitivity and specificity 
for diagnosing gastroesophageal reflux disease. 

e The standard of care for the medical treatment of gastroesophageal reflux disease is 
proton pump inhibitor therapy. 

e Lifestyle modifications and surgical and endoscopic approaches are of unclear long-term 
benefit for gastroesophageal reflux disease. 

e Upto one third of patients with gastroesophageal reflux disease have extraesophageal 
manifestations, such as asthma, noncardiac chest pain, chronic cough, and laryngitis. 

e Upper endoscopy with biopsies is necessary to diagnose Barrett esophagus. 

e Barrett esophagus is associated with a 30-fold increased risk of esophageal 
adenocarcinoma. 

e Surveillance endoscopy with biopsy is recommended in patients with Barrett esophagus. 

e Early detection and surgical resection of esophageal cancer offers the best chance for 
good outcome. 

e Most esophageal cancers are detected at later stages and are treated with combined- 
modality therapy consisting of surgery and radiation therapy and/or chemotherapy. 

e All patients with achalasia require esophagogastroduodenoscopy and biopsy to rule out 
cancer-related pseudoachalasia. 

e Most esophageal motility disorders are hypertonic (spastic), of which the best 
characterized is achalasia. 

e Pseudoachalasia mimics the manometric findings of achalasia but is caused by 
obstruction by an underlying malignancy. 

e Patients with achalasia present with dysphagia and can be treated by disruption of the 
malfunctioning lower esophageal sphincter tone. 


e Infectious esophagitis occurs in immunosuppressed patients and in persons with 
abnormal esophageal stasis. 

e Odynophagia is the most common presenting symptom in infectious esophagitis, which is 
most frequently caused by Candida albicans. 

e Pill-induced esophagitis is most frequently caused by tetracycline, iron sulfate, 
potassium, bisphosphonates, NSAIDs, and quinidine. 

e Eosinophilic esophagitis is rapidly increasing in incidence and is associated with atopy. 
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Symptoms of Esophageal Disorders 


Dysphagia 
Heartburn 


Noncardiac Chest Pain 
Odynophagia and Globus Sensation 
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Dysphagia 


Dysphagia, or difficulty swallowing, is a symptom whose prevalence increases with age, 
affecting up to 15% of persons older than 65 years and up to 50% of persons in chronic care 
facilities. Recurrent, frequent, or persistent dysphagia can be an alarm symptom and requires 
investigation. Dysphagia is classified as either oropharyngeal dysphagia (also called transfer 
dysphagia) or esophageal dysphagia. Each of the two kinds of dysphagia has distinct 
epidemiology, pathophysiology, and management implications. 
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Oropharyngeal Dysphagia 


Oropharyngeal dysphagia usually occurs immediately with deglutition and is often associated 
with a neuromuscular disorder; it usually consists of difficulty initiating a swallow, often 
associated with coughing or choking sensations. Other manifestations include recurrent 
pulmonary infections and regurgitation; associated symptoms include dysarthria and dysphonia. 
Although structural lesions of the esophagus are more common in esophageal dysphagia, high 
lesions such as pharyngoesophageal (Zenker) diverticulum, thyromegaly, large cervical 
osteophytes, and carcinomas can present as oropharyngeal dysphagia. The most common 
neuromuscular disorders associated with oropharyngeal dysphagia include stroke, Parkinson 
disease, amyotrophic lateral sclerosis, myasthenia gravis, and muscular dystrophy (Table 1). The 


diagnosis of oropharyngeal dysphagia is best accomplished by videofluoroscopy, which may 
lead to the need for endoscopy if a structural lesion is detected. 


Table 1. Medical Conditions Associated with Dysphagia 


Oropharyngeal Dysphagia 
Structural Disorders 
Cervical osteophytes 
Cricoid webs 
Pharyngoesophageal (Zenker) diverticulum (aspiration, neck mass, and regurgitation of food) 
Thyromegaly 
Neurologic/Myogenic Disorders 
Amyotrophic lateral sclerosis (upper and lower motor neuron signs; fasciculations) 
Central nervous system tumor 
Stroke 
Muscular dystrophy 
Myasthenia gravis 
Parkinson disease 
Sicca syndrome 

Esophageal Dysphagia 

Structural Disorders 
Dysphagia lusoria (vascular dysphagia) 
Epiphrenic/traction diverticulum 
Esophageal strictures (intermittent dysphagia—especially for solids—history of reflux) 
Esophageal webs (usually incidental finding, may be associated with iron deficiency anemia) 
Neoplasms (rapidly progressive dysphagia for solids then liquids; anorexia and weight loss) 
Motility Disorders 
Achalasia 
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Esophageal Dysphagia 


Esophageal dysphagia usually occurs after the initiation of a swallow, which suggests a 
mechanical interference with swallowing. It frequently presents as a feeling of food “sticking” in 
the chest, often localized to the lower sternum, but occasionally as high as the suprasternal notch. 
The causes of esophageal dysphagia can often be distinguished by the history of the patient“‘s 
swallowing difficulty. Important distinctions include whether the symptom occurs with 
swallowing liquids, solid food, or both; the duration of the symptoms and whether they are 


progressive; and whether heartburn is present. Dysphagia for solids is usually caused by 
structural lesions, such as a Schatzki ring (Figure 1), stricture, or cancer. Esophageal dysphagia 
for both solids and liquids is usually the result of a motility disorder, especially achalasia, 
scleroderma, or diffuse esophageal spasm. Diagnosis of esophageal dysphagia often entails 
endoscopic visualization, a procedure that can provide therapy as well as diagnosis. 


Figure 1. Barium esophagography showing a Schatzki ring. 
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Heartburn 


Heartburn, also known as pyrosis, is a feeling of burning or warmth that begins in the lower 
esophagus, tends to rise toward the neck, and occurs in waves most commonly postprandially. 
Heartburn is one of the most common gastrointestinal symptoms, affecting an estimated 20% of 
the U.S. population at least once a week. Heartburn is usually associated with gastroesophageal 
reflux disease (GERD), although the severity of the heartburn does not correlate with the severity 
of the esophageal disorder. Heartburn is often experienced within an hour of eating a large meal, 
especially when foods that decrease lower esophageal sphincter pressure or irritate an already 
inflamed esophagus are ingested (Table 2). 


Table 2. Factors Aggravating Heartburn 


Cigarette smoking 
Eating habits 

Eating large meals 
Eating late at night 
Foods/beverages 
Alcohol 

Chocolate 

Citrus fruits and juices 
Coffee 

Fatty and fried foods 
Onions 

Peppermint 
Medications 
Anticholinergic agents 
Aspirin and other NSAIDs 
Calcium channel blockers 
Nitrates 

Progesterone 

Body position 
Bending over 
Exercising 
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Noncardiac Chest Pain 


Esophageal disorders are second only to cardiac disease as a cause of chest pain. The two types 
of discomfort can be clinically indistinguishable because they have a common innervation and 
anatomic location. Esophageal chest pain is more likely than cardiac chest pain to be 
nonexertional, long lasting, disturbing of sleep, and associated with meals. Esophageal chest pain 
is frequently associated with GERD, and most authorities recommend an empiric trial of acid 
suppression therapy with a proton pump inhibitor as the first diagnostic test for this disorder. In 
the presence of ongoing symptoms, the addition of a low-dose tricyclic antidepressant can be 
helpful by decreasing visceral sensitivity. If cardiac causes of chest pain have been ruled out and 
the patients symptoms do not resolve with medical therapy, referral for ambulatory pH 
monitoring and/or esophageal manometry is indicated. 
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Odynophagia and Globus Sensation 


Odynophagia, or painful swallowing, is most frequently related to esophageal ulceration. The 
most common causes are pill esophagitis, infectious (especially viral) esophagitis, and severe 
peptic ulcer disease. The clinical setting in which the episode of odynophagia takes place—the 
presence of an offending medication, the presence of immunosuppression, or a history of 
GERD—can help elucidate the cause. Globus sensation is a feeling of a lump or tightness in the 
throat that is unrelated to meals but that may be associated with emotional stress. Psychological 
factors have traditionally been thought to account for most cases of globus sensation, but GERD 
can be detected in many affected patients. 
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Gastroesophageal Reflux Disease 


Gastroesophageal reflux disease (GERD) is caused by an insufficiency of physiologic antireflux 
barriers at the gastroesophageal junction, resulting in reflux of gastric contents into the 
esophagus. GERD is one of the most common conditions leading to the need for health care in 
the United States. Although the incidence of peptic ulcer disease has decreased greatly in the 
United States over the past several decades, the incidence of GERD is rising rapidly. GERD 
imposes the greatest financial burden of any gastrointestinal disease in the United States, with an 
estimated total cost of nearly $10 billion annually, of which more than half is spent on drugs. 
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Pathogenesis 


Maintenance of the mucosal integrity of the esophagus involves (1) anatomic antireflux barriers, 
(2) mechanisms of esophageal acid clearance, and (3) gastric acidity and acid volume. Although 


the presence of acidic gastric material is central to the pathogenesis of GERD, most patients with 
the disorder are not hypersecretors. The most important etiologic factor appears to be 
inappropriate transient relaxations of the lower esophageal sphincter. 


Anatomic reflux barriers include the lower esophageal sphincter and other structures near the 
gastroesophageal junction. Transient relaxations of the sphincter, which are not associated with a 
swallow, are thought to be the pathophysiologic mechanism of most episodes of reflux. The 
minority of patients with GERD, usually those with severe disease, develop reflux because of a 
low resting lower esophageal sphincter pressure. Hiatal hernia is a common anatomic condition 
in which the gastroesophageal junction and part of the stomach are located above the 
diaphragmatic hiatus. The prevalence of hiatal hernia in patients with reflux is significantly 
higher than in the normal population. 


Esophageal acid is cleared by peristalsis, gravity, and neutralization from saliva and alkaline 
esophageal secretions. Failure of these mechanisms (which may be caused by xerostomia, 
cigarette smoking, medications, and esophageal motility disorders [for example, scleroderma]) 
can increase esophageal acid exposure. The presence of gastric acid is necessary for this process, 
although the amount of gastric acid produced does not correlate with the severity of GERD. For 
example, Helicobacter pylori decreases gastric acidity, whereas eradication of the organism may 
increase acid production. Poor gastric emptying, such as in gastroparesis, can increase 
esophageal acid exposure. 
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Diagnosis 


Patients with heartburn and regurgitation, the classic symptoms of GERD, should be given 
empiric antisecretory therapy with a proton pump inhibitor. Response to a 4-week empiric trial 
of a proton pump inhibitor has 75% sensitivity and 55% specificity for the diagnosis of GERD 
when compared to the gold standard of ambulatory pH monitoring. Patients with such symptoms 
as weight loss, dysphagia, odynophagia, and bleeding or anemia, and patients with long-standing 
symptoms or symptoms that are refractory to acid-suppression therapy should undergo further 
evaluation, including gastrointestinal endoscopy. 


During upper endoscopy the esophageal mucosa can be visualized. Endoscopy is more accurate 
than barium studies in making the diagnosis of esophagitis, especially in milder cases. The 
presence of refluxed barium material at the time of radiologic study is neither sensitive nor 
specific for the diagnosis of GERD and should not be used for this purpose. 


Ambulatory esophageal pH monitoring, which consists of inserting a pH monitor into the distal 
esophagus and recording the results over a period of usually 24 hours, is the most accurate means 
to confirm the diagnosis of GERD. The technique also allows determination of an association 
between symptoms and the amount and pattern of esophageal acid exposure. Newer technologies 
include impedance monitoring, which can detect nonacidic reflux, and wireless ambulatory pH 


monitoring, which provides a longer monitoring time than previous techniques and is more 
comfortable for the patient. 
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Treatment 


e Medical Therapy 


e Antireflux Surgery 
e Endoscopic Therapy 
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Medical Therapy 


The traditional, conservative approach to therapy for GERD includes lifestyle modifications such 
as elevation of the head of the bed, smoking cessation, weight loss, and avoiding lying down 
after meals. These measures have all been reported to decrease esophageal acid exposure, 
although their superiority to placebo has not been established. Self-directed therapies for GERD 
include antacids, alginic acid, histaminez-receptor antagonists (H2RAs), and proton pump 
inhibitors (PPIs). Antacids and alginic acid, also available in combination, provide short-term 
relief of reflux symptoms in about 20% of patients. Over-the-counter H2RAs also have a short 
onset of action, but a longer duration of efficacy. These agents are especially effective when 
taken in anticipation of a reflux-inducing event such as eating certain foods. PPIs are also 
available over the counter, but the product information recommends self-directed use for only 2 
weeks after which time a physician should be consulted. 


The standard of care for the medical treatment of GERD is PPI therapy. Although H2RA therapy 
relieves symptoms and heals esophagitis in 50% to 60% of patients, PPI therapy provides results 
in the 80% range. There are five PPIs available in the United States: omeprazole, esomeprazole, 
lansoprazole, pantoprazole, and rabeprazole; they all have similar efficacy. PPI therapy is usually 
given once a day before meals, usually before breakfast. In patients who require twice-daily 
dosing (for example, patients with noncardiac chest pain, extraesophageal manifestations, 
incomplete response to standard therapy, or Barrett esophagus), the second dose should be 
administered before dinner. GERD symptoms often recur after acid suppression therapy is 
stopped, and, therefore, many patients with reflux require maintenance therapy. Maintenance 
therapy reduces the risk of recurrent peptic strictures but has not been shown to prevent 
progression of Barrett esophagus. Long-term PPI therapy is considered generally safe for 
patients who require ongoing acid suppression. The risks and benefits of long-term PPI therapy 
need to be considered in light of case-controlled studies that suggest an increased risk of enteric 
infections, pneumonia, and hip fractures with such use. Despite concern that long-term PPI 
therapy in patients infected with H. pylori increases the risk of atrophic gastritis and gastric 
cancer, current guidelines do not recommend routine H. pylori testing. 
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Antireflux Surgery 


Because of the efficacy of medical therapy for GERD, surgical approaches are used with caution. 
The best outcomes are observed in patients whose symptoms are well controlled with medical 
therapy and who have few comorbidities. Early reports of surgical superiority were conducted 
using inadequately aggressive medical therapy. Relief of symptoms with surgery is significant 
but not always long-lasting; more than half of patients who have surgery for GERD resume 
regular PPI therapy within 10 to 15 years after surgery. Side effects of surgery, which include 
dysphagia, gas-bloat syndrome, and diarrhea, occur in approximately 25% of patients. Antireflux 
surgery is most effective if done by an experienced surgeon in a high-volume center. 
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Endoscopic Therapy 


Initial enthusiasm for endoscopic management of GERD has given way to cautious 
recommendations. There are three major types of endoscopic interventions: radiofrequency 
application to the lower esophageal sphincter, endoscopic sewing devices, and injection of 
polymers into the lower esophageal sphincter. All have been shown to decrease GERD 
symptoms for the first 6 to 12 months, but none have demonstrated a durable decrease in the use 
of PPIs, increase of lower esophageal sphincter pressure, or decrease in stricture frequency. The 
American Gastroenterological Association position statement on endoscopic therapy for GERD 
concludes that there are no definite indications for endoscopic therapy for GERD. 
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Extraesophageal Manifestations of Gastroesophageal Reflux 
Disease 


Up to one third of patients evaluated for heartburn have evidence of extraesophageal reflux 
disease. Empiric PPI therapy can aid in the diagnosis of such extraesophageal manifestations, but 
they do not respond to PPI therapy as well as traditional reflux-type symptoms. 
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Asthma 


GERD is thought to cause asthma through microaspiration of refluxate and/or vagally mediated 
esophagobronchial reflex. Because of the frequency of both GERD and asthma in the population, 
causality is difficult to determine, but population-based studies have suggested an epidemiologic 
association. An estimated 30% to 90% of patients with asthma have either GERD or GERD-like 
symptoms. Clinical trials assessing the efficacy of PPI therapy for GERD-induced asthma have 
yet to show a convincing or reproducible benefit, although a number of reports of small cohorts 
suggest symptomatic benefit. 
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Cough 


Chronic cough, defined as cough lasting 3 to 8 weeks, has been associated with GERD in up to 
40% of patients. The pathophysiology of GERD-related chronic cough involves, as in GERD- 
related asthma, both microaspiration and vagal reflex. Only three small studies with varying 
methodologies have been published regarding PPI therapy and chronic cough, none of which 
show convincing benefit. 
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Laryngitis 


Due to difficulty in establishing a consistent definition of laryngitis, estimates of the prevalence 
of GERD-related laryngitis are unreliable. It has been estimated, however, that up to 10% of 
patients evaluated by ear, nose, and throat physicians have GERD-like symptoms. The 
pathogenesis of GERD-induced laryngitis may involve direct laryngeal injury or may be due to 
vagally induced throat clearing and cough, leading to laryngeal irritation. There have been 
multiple trials of PPI therapy in patients with GERD-related laryngitis, but the majority of these 
trials and meta-analyses failed to show convincing benefit. The use of PPI therapy for chronic 
laryngitis remains empiric and based on clinical judgment. 
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Barrett Esophagus 


Barrett esophagus is a complication of GERD in which the normal squamous epithelium of the 
distal esophagus is replaced by specialized columnar epithelium (Figure 2). The disorder is most 
common in patients with long-standing and severe GERD and in patients with large hiatal 
hernias, low lower esophageal sphincter pressure, and abnormal esophageal motility. The 
pathophysiology of Barrett esophagus is unclear. 


Barrett esophagus is uncommon, but the incidence is increasing, perhaps due to higher detection 
rates. Approximately 10% of patients who undergo upper endoscopy for symptomatic GERD are 
found to have Barrett esophagus, whereas up to 2% of unselected patients who undergo upper 
endoscopy have the characteristic mucosal changes of the disorder. The results of autopsy series 
suggest that most cases of Barrett esophagus are undetected. Barrett esophagus is a premalignant 
condition; affected patients have an estimated 30-fold increased risk of esophageal 
adenocarcinoma compared to those without Barrett esophagus and an annual incidence of 
esophageal adenocarcinoma of 0.5%. 
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Figure 2. Barrett esophagus. 
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Diagram of the esophageal and gastric junction showing replacement of normal esophageal 
squamous mucosa by specialized intestinal mucosa (shown in red). 
Courtesy of Dr. Alan Cameron. 


BE = Barrett esophagus; DH = diaphragmatic (hiatal) hernia. 
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Screening and Diagnosis 


The diagnosis of Barrett esophagus is suspected by endoscopic features and made histologically 
by detection of specialized intestinal metaplasia with acid-mucin containing goblet cells (Figure 
3). Long-segment Barrett esophagus, defined as greater than 3 cm of columnar-lined esophagus, 
appears to be associated with a higher risk of esophageal adenocarcinoma. This increased risk 
has led to screening and surveillance programs for Barrett esophagus, although there is no 
evidence that screening improves survival. Current standards for endoscopic screening in 
patients with GERD are controversial, but most authorities agree that upper endoscopy should be 
performed on patients who have had symptomatic GERD for at least 5 years. If Barrett 
esophagus is determined by histology, surveillance endoscopy with multiple biopsies should be 
performed at diagnosis and at 1 year (Table 3). If no dysplasia is found, further surveillance can 
be deferred for 5 years. The presence of low-grade or high-grade dysplasia requires further 
intensive management, including the possibility of esophagectomy. Molecular markers for 
premalignant conditions of the esophagus are under development but have not displaced 
histologic grading of dysplasia. 


Figure 3. Barrett mucosa. 


Upper endoscopic view of Barrett mucosa. Note the salmon-colored mucosa representing Barrett 
mucosa compared with the normal pearl-colored squamous mucosa. 


Table 3. Practice Guidelines for Endoscopic Surveillance of 
Barrett Esophagus 


Dysplasia Recommendation 
Grade 
None Repeat surveillance 1 year after baseline screening; if negative, every 5 years 


Discontinue surveillance if life expectancy <1 year or patient unable to tolerate 
therapeutic measures 


Low-grade Surveillance every 6 months for 1 year, then yearly until age 80, depending on 
health status 

High-grade If confirmed by two experienced pathologists, definitive surgical or endoscopic 
management 


If patient declines, consider continued surveillance: 


Focal high-grade dysplasia: continue surveillance every 3 months for 2 years 
then every 6 months 


Multifocal high-grade dysplasia: definitive intervention 


Mucosal irregularity: endoscopic ultrasonography and mucosal resection, if 
available 


Adapted from: Wang KK, Wongkeesong M, Buttar NS; American Gastroenterological 
Association. American Gastroenterological Association technical review on the role of the 
gastroenterologist in the management of esophageal carcinoma. Gastroenterology. 128;(5):1468- 
70. [PMID: 15887129]. Copyright 2005, with permission from Elsevier. 
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Treatment 


Therapy with PPIs has not been shown to slow progression of Barrett esophagus or lead to 
regression of the abnormal esophageal mucosa. Surgical fundoplication has also not been shown 
to decrease cancer risk in affected patients. Ablative therapies that consist of removal of 
metaplastic epithelium can, when combined with intensive acid suppression therapy, lead to the 
regeneration of squamous mucosa. Photodynamic therapy is an ablative therapy approved by the 
FDA for use in patients with high-grade dysplasia to reduce cancer risk. Concerns remain that 


areas of abnormal mucosa below the normal-appearing regenerated epithelium may still harbor 
cancer risk. Esophagectomy is reserved for those patients with Barrett esophagus and a 
confirmed diagnosis of dysplasia. Epidemiologic data suggest that chemoprevention with aspirin, 
NSAIDs, and cyclooxygenase-2 inhibitors may reduce cancer risk in patients with Barrett 
esophagus. Epidemiologic evidence suggests that lifestyle modifications such as smoking 
cessation, weight control, and diets rich in fruits and vegetables may also be effective. 
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Esophageal Carcinoma 


The overwhelming majority of esophageal malignancies are primary carcinomas, with roughly 
equal numbers of squamous cell carcinoma and adenocarcinoma. Approximately 14,000 new 
cases of esophageal carcinoma are diagnosed in the United States annually, with 13,000 deaths 
resulting. Adenocarcinoma is the most rapidly increasing histologic tumor type, with a 300% 
increase since about 1970. Esophageal cancer, which is more common in men than in women, is 
the seventh leading cause of cancer death among U.S. men, with black men having a higher risk 
than other groups. Risk factors for squamous cell carcinoma include long-term exposure to 
alcohol and tobacco, nitrosamine exposure, corrosive injury to the esophagus, vitamin 
deficiencies, achalasia, tylosis (keratosis of the palms and soles), and human papillomavirus 
infection. Besides Barrett esophagus, risk factors for the development of adenocarcinoma include 
tobacco use, obesity, and GERD. 
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Diagnosis and Staging 


Squamous cell carcinoma often arises in the upper portions of the esophagus, whereas 
adenocarcinoma arises more distally; however, the presentation of the two variants is similar. 
Dysphagia for solids is the most common presenting symptom (70%); odynophagia is less 
common and often is associated with ulceration of the lesion. Chest pain, anorexia, weight loss, 
gastrointestinal bleeding, and regurgitation are other presenting complaints. The diagnosis is 
often made with direct endoscopic visualization and biopsy. Staging of the tumor is useful in 
determining prognosis and guiding therapy (Table 4). 


Accurate staging may incorporate cross-sectional imaging, endoscopic ultrasonography, positron 
emission tomography, laparoscopy, and video-assisted thoracoscopy. The choice of these 
modalities depends on their availability and the expertise of the team caring for the patient. 


Table 4. Staging of Esophageal Carcinoma According to the 
American Joint Commission on Cancer 


Stage Histologic Description 5-Year Mortality 
Rate (%) 


0 Carcinoma in situ >90 
I Tumor confined to lamina propria or submucosa >50 


II Tumor extends to adventitia without lymph node involvement or to 10-30 
muscularis with lymph node involvement 
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Treatment 


Curative treatment for esophageal carcinoma is surgical. Early-stage esophageal cancers usually 
do not cause symptoms and are usually detected incidentally or as part of a surveillance program. 
Most esophageal cancers are detected at later stages and are treated with combined-modality 
therapy consisting of surgery and radiation therapy and/or chemotherapy. Neoadjuvant therapy 
(that is, therapy given before the primary therapy usually to reduce tumor size) has been 
advocated to allow tumor downstaging, but the current evidence does not support its regular use. 
Overall survival in patients with esophageal cancer is strongly correlated with stage at diagnosis. 
In patients with advanced disease, various forms of palliative approaches are used, including 
enteral feeding tubes for nutrition support, expandable esophageal stents and ablative techniques 
to reduce tumor mass and thereby relieve dysphagia, adequate analgesic therapy, and the 
employment of team-based palliative care. 
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Esophageal Motility Disorders 


The esophagus is an active organ whose function depends on a complex interrelationship of 
mechanical and neurohumoral functions. The upper esophagus is composed of striated muscle 
under central neurologic control from the nucleus ambiguus in the medulla. The lower two thirds 
of the esophagus is composed of smooth muscle and is under the control of the vagal and 
myenteric nervous systems. Two areas of the esophagus are normally contracted: the upper 
esophageal sphincter and the lower esophageal sphincter, which prevent retrograde flow of 
gastric contents. With initiation of swallowing, both sphincters must relax to allow passage of the 
ingested bolus (Figure 4). Dysregulation of this function in motility disorders can lead to 
dysphagia, aspiration, chest pain, and various other symptoms. These motility disorders are 
generally classified into hypertonic (or spastic) disorders and hypotonic disorders. 


Wet Wet 
swallow swallow 


20 seconds 
Figure 4. Normal esophageal manometric tracing. 


The lower esophageal sphincter (LES) pressure relaxes to the baseline during the wet swallow, 
and peristaltic waves are seen. (The scale for the esophageal leads is 100 mm Hg.) 
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Hypertonic (Spastic) Motility Disorders 


e Achalasia and Pseudoachalasia 
e Diffuse Esophageal Spasm and Nutcracker Esophagus 
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Achalasia and Pseudoachalasia 


Achalasia, the best characterized of the esophageal motility disorders, consists of the failure of 
the lower esophageal sphincter to relax with swallowing. The resulting functional obstruction of 
the distal esophagus leads to dysphagia, chest pain, regurgitation of food, and weight loss. 
Achalasia is thought to be caused by degeneration of the myenteric plexus with resulting loss of 
inhibitory neurons in the lower esophageal sphincter, which remains tonically contracted. The 
disorder affects both sexes equally and usually presents insidiously in the third to fifth decade of 
life. Diagnosis is suggested by a typical history of dysphagia and regurgitation, often with some 
relief afforded by postural maneuvers, such as raising the arms above the head. Plain chest 
radiographs may reveal a dilated esophagus with an air/fluid level. Barium radiography is the 
primary screening test, and esophageal dilatation with the classic “bird“s beak” appearance 
distally and the to-and-fro movement of barium (loss of peristalsis) suggest the diagnosis 
(Figure 5). 


Diagnosis of achalasia is confirmed by esophageal manometry, which shows lack of relaxation 
of the lower esophageal sphincter with swallowing and aperistalsis of the esophageal body 
(Figure 6). Upper endoscopy is often performed to evaluate for mechanical obstruction of the 
esophagus in the region of the lower sphincter. If obstruction is caused by a malignant lesion, the 
disorder is designated “‘pseudoachalasia.” 


Treatment of achalasia consists of pharmacologic or mechanical disruption of the lower 
esophageal sphincter tone (Table 5). Smooth muscle relaxants such as nitrates and calcium 
channel blockers may provide temporary relief for some patients, but do not appear to retard 
progression of disease. Injection of botulinum toxin into the sphincter provides symptomatic 
relief in up to three quarters of patients, but the effect is not usually durable; this therapy is now 
rarely used as first line in patients with acceptable risk for dilatation. Endoscopic pneumatic 
balloon dilatation provides long-lasting improvement in most patients but is associated with an 
approximately 5% risk of esophageal perforation. Surgical disruption of the lower esophageal 
sphincter can now be performed laparoscopically through the abdomen and, though often 
complicated by secondary GERD, is considered a first-line therapy. The choice of therapy 
usually depends on the expertise available at a given medical setting. 


Table 5. Treatments for Achalasia 


Smooth Botulinum Toxin Pneumatic Open Minimally 
Muscle Injection Dilatation Surgical Invasive 
Relaxants Myotomy Surgical 
Myotomy 
Response 
Initial 50%-70% 90% at 1 month 60%-90% at 1 >90% at 1 >90% at 1 
year year year 
Subsequent <50% at 1 year 60% at 1 year 60% at 5 75% at 20 85% at 5 years 
years years 
Morbidity 
Minor 30% (headache, 20% (rash, transient Rare <10% at 1 10% 


hypotension) chest pain) technique- year (symptomatic 


related (symptomatic reflux) 
complications reflux) 
Serious Not reported Not reported 3%-5% 10% Not available 
(perforation) dysphagia, 
<2% mortality 


Advantages 
Rapidly Low morbidity; Good Best response Avoids 
initiated; well modest response response rate and thoracotomy 
accepted durability; well durability durability 
accepted 
Disadvantages 
Inconvenient Repeat injection often Risk of Thoracotomy Long-term 
side effects, required within 1 perforation required; outcome 
tachyphylaxis; year; severe reflux unknown; 
poor effecton fibrinoinflammatory may develop small chance 
esophageal reaction at lower of 
emptying esophageal sphincter thoracotomy 


Adapted with permission from: Feldman M, Friedman LS, Brandt LJ. Sleisenger and Fordtran’s 
Gastrointestinal and Liver Disease: Pathophysiology, Diagnosis, Management. 8th ed. 
Philadelphia, PA: Saunders. Copyright Elsevier (2006). 


Figure 5. Barium esophagography in a patient with 
achalasia. 


The typical “bird’s beak” appearance of the distal esophagus in a patient with achalasia is shown. 
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Figure 6. Esophageal manometric tracing in a patient with 
achalasia. 
The vertical scale is set in increments of 10 mm Hg (to a maximum of 50 mm Hg). The elevated 


lower esophageal sphincter (LES) pressure does not relax during the wet swallow. In addition, 
there is no esophageal body peristalsis (the waves seen are superimposable). 
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Diffuse Esophageal Spasm and Nutcracker Esophagus 


Many hypertonic motility disorders of varying severity have been defined manometrically; most 
of these syndromes are now classified as nonspecific motility disorders. A subset of hypertonic 
disorders with specific manometric findings called “diffuse esophageal spasm” is characterized 


by intermittent nonperistaltic contractions in response to swallowing. Some patients with this 
disorder are diagnosed with nutcracker esophagus because of the high amplitude of these 
ineffective contractions. Severity of manometric findings does not correlate well with clinical 
presentation. Diagnosis is made by clinical presentation and manometry, with exclusion of other 
disorders, especially cardiac disease and GERD. Because these disorders are not usually 
progressive or life threatening, treatment is symptomatic. Therapy with nitrates and calcium 
channel blockers has had some success. Antidepressants, including trazodone and imipramine, 
have been shown to alleviate pain associated with these disorders. 
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Hypotonic Motility Disorders 


Syndromes of esophageal hypomotility are far less common than those of hypermotility. Most 
are classified manometrically as “ineffective esophageal motility,” which is most frequently 
encountered in the setting of GERD. Severe hypomotility may increase the risk of dysphagia 
after antireflux surgery. Hypomotility syndromes also occur in association with systemic 
diseases, especially systemic sclerosis (scleroderma). Symptoms of reflux are not uniformly 
present in such patients, and their onset may occur years after the recognition of the connective 
tissue disorder, presumably due to esophageal hyposensitivity along with hypomotility. The 
combination of manometrically determined aperistalsis of the esophageal body and a 
hypotensive lower esophageal sphincter has been termed “scleroderma esophagus”; however, 
less than half the patients with these manometric abnormalities have evidence of connective 
tissue disease. Treatment is largely aimed at controlling acid reflux, which may reduce the 
incidence of stricturing. 
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Infectious, Pill-induced, and Eosinophilic Esophagitis 


e Infectious Esophagitis 
e Pill-induced Esophagitis 


e Eosinophilic Esophagitis 
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Infectious Esophagitis 


Esophageal infections can occur in both immunosuppressed and immunocompetent patients. 
With increasingly successful therapy for HIV infection and the use of various prophylactic 
antimicrobial agents in immunosuppressed persons, the incidence of such infections has greatly 
decreased. Esophageal infections in immunocompetent persons are most common in patients 


who use inhaled corticosteroids or in patients with disorders that cause stasis of esophageal 
contents. Candida albicans is the most common organism causing esophagitis in 
immunocompetent patients (Figure 7). Less frequently encountered pathogens include 
herpesviruses, cytomegalovirus, human papillomavirus, Trypanosoma cruzi, Mycobacterium 
tuberculosis, and Treponema pallidum. 


Patients with esophageal infection usually present with odynophagia, although bleeding from 
esophageal ulceration may also occur. Concomitant oral thrush occurs in up to two thirds of 
patients with candidal esophagitis, but oral lesions are rare in patients with viral esophagitis. 
Empiric fluconazole therapy is indicated in patients with typical symptoms of infectious 
esophagitis in the presence of oral thrush. In the absence of oral thrush, definitive diagnosis of 
infectious esophagitis can be made by endoscopy with brush cytology or mucosal biopsy of 
affected regions. Barium esophagography findings are too nonspecific to be used for diagnosis. 


Figure 7. Upper endoscopy showing Candida esophagitis. 
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Pill-induced Esophagitis 


Medication-induced esophageal injury is an underrecognized disorder. Recognition of the 
syndrome can preclude unnecessary testing, facilitate treatment, and allow preventive measures 
to be taken. Most patients present with the sudden onset of odynophagia with or without chest 
pain. The injury can occur with a medication that the patient has taken for some time, and it may 
not therefore be recognized as pill-related. The medications most commonly implicated are 
tetracycline, iron sulfate, bisphosphonates, potassium, NSAIDs, and quinidine. Although the 
diagnosis of pill-induced esophagitis can often be made by clinical history alone, upper 


endoscopy can be useful in evaluating for the presence of other lesions. The cornerstone of 
prevention of pill-induced esophagitis is avoidance of the offending agent or alteration of the 
method of administration, including taking a large fluid bolus prior to swallowing pills or 
remaining upright for 30 minutes after taking medication. 
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Eosinophilic Esophagitis 


Originally considered primarily a pediatric disease, eosinophilic esophagitis has recently been 
recognized with increasing frequency in adults. This increased incidence parallels that of allergic 
disease and asthma in the population. Although the pathogenesis is unclear, recent data suggest 
sensitization of the esophagus to respiratory or oral antigens, with recruitment of peripheral 
eosinophils to the esophagus. The differentiation of eosinophilic esophagitis from GERD is 
therapeutically important. Patients with eosinophilic esophagitis can present with symptoms 
similar to those of GERD, but young adults frequently present with extreme dysphagia and food 
impaction. Diagnosis is made endoscopically, with mucosal biopsies showing marked infiltration 
with eosinophils. Macroscopic findings at endoscopy are nonspecific and insensitive, but 
mucosal furrowing, white specks, and mucosal friability have been consistently described. 
Treatment with oral topical corticosteroids (that is, taking inhaled corticosteroid preparations by 
mouth) or systemic corticosteroids provides excellent short-term relief, whereas avoidance of 
dietary allergens based on allergy testing has been advocated for long-term control in children. 


Bibliography 


e El-Serag HB. Time trends of gastroesophageal reflux disease: a systematic review. Clin 
Gastroenterol Hepatol. 2007;5:17-26. [PMID:17142109]. See PubMed 

e Falk GW, Fennerty MB, Rothstein RI. AGA Institute technical review on the use of 
endoscopic therapy for gastroesophageal reflux disease. Gastroenterology. 
2006;131:1315-36. [PMID:17030199]. See PubMed 

e Grochenig HP, Tilg H, Vogetseder W. Clinical challenges and images in GI. Pill 
esophagitis. Gastroenterology. 2006;131:996, 1365. [PMID:17030168]. See PubMed 

e Jafri NS, Hornung CA, Howden CW. Meta-analysis: Sequential therapy appears superior 
to standard therapy for Helicobacter pylori infection in patients naive to treatment. 
[erratum in Ann Intern Med. 2008;149:439]. Ann Intern Med. 2008:148:923-31. 
[PMID: 18490667]. See PubMed 

e Katzka DA. Eosinophilic esophagitis. Curr Opin Gastroenterol. 2006; 22:429-32. 
[PMID:16760762]. See PubMed 

e Kahrilas PJ, Shaheen NJ, Vaezi MF, et al; and American Gastroenterological 
Association. American Gastroenterological Association Medical Position Statement on 
the management of gastroesophageal reflux disease. Gastroenterology. 2008; 135:1383- 
91. [PMID: 18789939]. See PubMed 

e Pandolfino JE, Kahrilas PJ; American Gastroenterological Association. AGA technical 
review on the clinical use of esophageal manometry. Gastroenterology. 2005;128:209-24. 
[PMID: 15633138]. See PubMed 


Park W, Vaezi MF. Etiology and pathogenesis of achalasia: the current understanding. 
Am J Gastroenterol. 2005;100:1404-14. [PMID: 15929777]. See PubMed 

Tran T, Lowry AM, El-Serag HB. Meta-analysis: the efficacy of over-the-counter gastro- 
oesophageal reflux disease therapies. Aliment Pharmacol Ther. 2007;25:143-53. 
[PMID:17229239]. See PubMed 

Wang KK, Wongkeesong M, Buttar NS. American Gastroenterological Association 
technical review on the role of the gastroenterologist in the management of esophageal 
carcinoma. Gastroenterology. 2005; 128:1471-505. [PMID:15887129]. See PubMed 


PreviousNext 


Disorders of the Stomach and Duodenum 
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Gastric Motility Disorders 
Complications of Gastric Surgical Procedures 


Key Points 


Helicobacter pylori infection and NSAIDs are responsible for more than 90% of peptic 
ulcers. 

Patients with peptic ulcers are commonly asymptomatic at diagnosis; the ulcers are often 
detected during evaluation for ulcer-related complications such as overt or obscure 
bleeding. 

Gastrointestinal bleeding is the most common complication of peptic ulcer disease, 
present in approximately 15% of cases. 

The management of peptic ulcer disease includes acid suppression, testing for 
Helicobacter pylori infection, and assessing the use of NSAIDs. 

For patients younger than 55 years with uninvestigated new-onset dyspepsia without 
alarm features, a “test and treat” approach for Helicobacter pylori infection is 
recommended. 

Manifestations of Helicobacter pylori infection include gastritis, ulcer disease, mucosa- 
associated lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma. 

The urea breath test and fecal antigen test detect active Helicobacter pylori infection and 
can be used before therapy to confirm infection and at least 4 weeks after therapy to 
confirm eradication. 

Triple therapy consisting of a proton pump inhibitor, amoxicillin, and clarithromycin is 
the most commonly used initial treatment for Helicobacter pylori infection. 

Testing all treated patients for Helicobacter pylori eradication is neither practical nor 
cost-effective; such testing should be performed in patients with associated peptic ulcer 


disease, persistent dyspepsia despite a test-and-treat approach, MALT lymphoma, or a 
history of early-stage gastric cancer. 

e All NSAIDs inhibit prostaglandin synthesis, and therefore, different formulations 
(enteric-coated) and routes (intravenous, rectal) of NSAIDs share the toxicity of oral 
NSAIDs. 

e Factors related to an increased risk for NSAID-induced complications include age >60 
years, previous peptic ulcer disease or hemorrhage, higher doses or the combination of 
two or more NSAIDs, concurrent use of anticoagulants or corticosteroids, and significant 
medical comorbidities. 

e Proton pump inhibitors more effectively heal peptic ulcerations than H2-receptor 
antagonists, whether or not NSAID therapy is ongoing. 

e Fundic gland polyps, the most common form of gastric polyps, are small, often multiple, 
and, if sporadic, have no defined cancer risk. 

e Most symptomatic patients with gastric cancer have advanced disease at presentation, 
with only 50% of patients being candidates for curative resection. 

e Before gastroparesis can be diagnosed, mechanical obstruction needs to be excluded. 

e The test of choice to document delayed gastric emptying is a 4-hour gastric scintigraphy 
of a radiolabeled solid meal. 

e Management of gastroparesis includes a combination of diet modification, antiemetic 
agents, and prokinetic therapy. 

e Pulmonary embolism is an uncommon complication after bariatric surgery, but it 
accounts for 50% of all deaths in these patients. 

e Nutritional deficiencies are common after bariatric surgery, and patients typically need 
supplementation with iron, vitamin B12, calcium, and vitamin D. 
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Peptic Ulcer Disease 


A peptic ulcer is an ulcer of the mucous membrane of the alimentary tract caused by gastric acid. 
Peptic ulcer disease accounts for many hospitalizations and deaths each year despite recognition 
of risk factors for the disorder and the widespread use of acid suppression therapy. In the 
proximal gastrointestinal tract, mucosal insults and mucosal defenses are usually in balance; 
interruption of this balance results in peptic ulcer disease. Gastric acid is made by parietal cells 
in the stomach; these cells have three stimulant receptors for gastric acid production, namely 
gastrin, acetylcholine, and histamine. Gastric acid production is inhibited by somatostatin and 
prostaglandins. Excessive gastric acid can cause peptic ulceration, esophagitis (in patients 
predisposed to reflux), and steatorrhea; steatorrhea results from acid“s inactivation of pancreatic 
lipase which aids in fat digestion. Gastric defenses include a mucous and bicarbonate layer, 
epithelial barrier function, and adequate blood flow. Gastric acid aids in absorption of various 
nutrients (iron, vitamin B12), defends against food-borne illnesses, and prevents small intestinal 
bacterial overgrowth. 


The most common causes of peptic ulcer disease are Helicobacter pylori infection and NSAIDs, 
which together account for more than 90% of ulcers; other causes include Crohn disease, acid 


hypersecretion states (Zollinger-Ellison syndrome), malignancy, viral infections 
(cytomegalovirus), and drugs (cocaine). 
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Clinical Features, Diagnosis, and Complications 


Most patients with peptic ulcer disease do not have pain at diagnosis; the ulcers are usually 
detected during an evaluation for potential ulcer-related complications such as overt or obscure 
bleeding. When symptoms are present, they include dyspepsia or a nonspecific, gnawing 
epigastric pain. Other presentations include bleeding, perforation (sometimes with penetration 
into adjacent organs), and gastric outlet obstruction. Upper endoscopy is the diagnostic test of 
choice. 


The most common complication of peptic ulcer disease is gastrointestinal bleeding, which occurs 
in approximately 15% of cases. Bleeding may manifest as hematemesis, melena, or 
hematochezia; occult bleeding manifested as iron deficiency anemia is less common. Bleeding 
tends to be more frequent and more severe in patients older than 60 years because of their 
increased use of NSAIDs and presence of comorbidities. 


Patients with perforation from peptic ulcer disease often present with sudden, severe abdominal 
pain and hemodynamic compromise. Affected patients may be febrile, hypotensive, and 
tachycardic; bowel sounds may be absent, and abdominal examination may show guarding and 
rebound tenderness. The ulcer may penetrate into the pancreas, manifesting additionally with 
acute pancreatitis. Imaging often reveals free intraperitoneal air. Upper endoscopy is 
contraindicated in patients with perforation, and emergent surgical consultation is indicated. 
Nearly all patients with perforated peptic ulcers require emergent surgical intervention; however, 
if the perforation is small and contained, the patient can be managed with fasting, nasogastric 
tube decompression, and acid suppression. 


Gastric outlet obstruction is a rare complication of peptic ulcer disease, typically from ulceration 
in the prepyloric region or pyloric channel. Patients with obstruction present with progressive 
nausea, vomiting, early satiety, and weight loss. Upper endoscopy often shows retained food 
within the stomach with ulceration distally, often precluding passage of the endoscope. Patients 
with gastric outlet obstruction should undergo nasogastric decompression and receive 
intravenous proton pump inhibitor (PPI) therapy for several days. If the obstruction has not 
resolved after a trial of conservative therapy, surgical consultation is needed. 
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Management 


If a patient with peptic ulcer disease is taking an NSAID, the therapy should ideally be 
discontinued; if the patient requires long-term analgesia, safer alternatives should be considered 
(see Complications of NSAIDs). Patients with documented ulcer disease should also be 
evaluated for H. pylori infection and treated accordingly (see Helicobacter pylori Infection). PPI 
therapy is essential to heal peptic ulcers, and long-term therapy may be needed in patients who 
require ongoing NSAID therapy. Follow-up endoscopy is only required for gastric ulcers if 
adequate biopsies were not originally obtained or if worrisome endoscopic features were noted. 


Surgery for peptic ulcer disease is typically reserved for patients whose disease fails to respond 
to medical therapy or who have life-threatening complications. The surgery typically involves a 
vagotomy with a drainage procedure but depends on the urgency, indication, and baseline 
anatomy. Although only 1% of ulcers recur after surgery, postoperative complications are not 
uncommon (see Complications of Gastric Surgical Procedures). 
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Dyspepsia 


e Clinical Features 
e Management 
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Clinical Features 


Dyspepsia is chronic or recurrent discomfort in the upper mid-abdomen. The prevalence of 
dyspepsia is not well known because of the vagueness of its description by both patients and 
physicians. In addition to discomfort, affected patients may have mild nausea or bloating. 
Clinically, dyspepsia needs to be distinguished from GERD in patients who have features of acid 
regurgitation and heartburn and from irritable bowel syndrome in patients whose pain correlates 
with bowel movements. The following structural conditions have been found in patients 
undergoing upper endoscopy for dyspepsia: peptic ulcer disease (5% to 15%), reflux esophagitis 
(5% to 15%), and malignancy (2%). Up to 60% of patients with dyspepsia have functional 
dyspepsia, which consists of a 3-month history of dyspepsia in patients who do not have peptic 
ulcer disease, reflux disease, or malignancy. Patients with features of dyspepsia who have not 
had testing to exclude other conditions are said to have uninvestigated dyspepsia. 


Neither the physician“s clinical impression nor the patient's characteristics can accurately 

distinguish organic from functional dyspepsia. The patient“s medications should be reviewed 
because various drugs may cause dyspepsia, including NSAIDs, antibiotics, bisphosphonates, 
and potassium supplements; up to 20% of patients taking NSAIDs have dyspeptic symptoms. 
The presence of epigastric tenderness has a sensitivity of 64% and specificity of only 30% for 


detecting structural abnormalities; the presence of alarm features (Table 6) should prompt 
further evaluation. 


Table 6. Alarm Features in Dyspepsia 


Age >55 years with new-onset symptoms 

Family history of proximal gastrointestinal cancer 
Unintentional weight loss 

Gastrointestinal bleeding 

Progressive dysphagia 

Odynophagia 

Unexplained iron-deficiency anemia 

Persistent vomiting 

Palpable mass or lymphadenopathy 

Jaundice 


Reprinted with permission from: Talley NJ, Vakil NB, Moayyedi P. American 
Gastroenterological Association technical review on the evaluation of dyspepsia. 
Gastroenterology. 2005;129(5): 1756-80. Copyright 2005, Elsevier. 
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Management 


For patients younger than 55 years with uninvestigated new-onset dyspepsia, a “test and treat” 
approach for H. pylori infection is recommended. For patients from an area of low H. pylori 
prevalence (<10%), therapy with a PPI is the recommended initial treatment. Although the yield 
of upper endoscopy is low in the evaluation of dyspepsia, it is recommended in patients older 
than 55 years because of their increased incidence of gastrointestinal malignancy and in patients 
with alarm features. In patients who undergo upper endoscopy, biopsy specimens should be 
taken to evaluate for the presence of H. pylori. A management approach to dyspepsia is 
presented in Figure 8. Up to 40% of patients with functional dyspepsia may have impaired 
gastric emptying or accommodation; however, evaluation for these disorders is not usually 
required because they do not alter management. 
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Dyspeptic symptoms 
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Figure 8. Evaluation of the patient with dyspepsia. 


COX-2 = cyclooxygenase-2; EGD = esophagogastroduodenoscopy; GERD = gastroesophageal 
reflux disease; IBS = irritable bowel syndrome; PPI = proton pump inhibitor; RUT = rapid 
urease test. 


Adapted from Talley NJ; American Gastroenterological Association. American 
Gastroenterological Association medical position statement: evaluation of dyspepsia. 
Gastroenterology. 2005;129:1754. [PMID: 16285970] Copyright 2005, Elsevier. 


Helicobacter pylori Infection 


Helicobacter pylori infection is one of the most common infections worldwide. The prevalence 
of infection is inversely related to socioeconomic status: in developing countries, the prevalence 
may be as high as 80%; an estimated 40% of persons living in the United States are infected. The 
infection is most commonly acquired through oral ingestion of the organism, which is 
transmitted among family members. 
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Clinical Features 


The clinical features of H. pylori infection range from asymptomatic gastritis to gastrointestinal 
malignancy. An antral-based gastritis occurs in nearly 95% of infected patients. This form of 
gastritis predisposes patients to duodenal ulcers, whereas the less common corpus-predominant 
gastritis is a risk factor for gastric ulcers (Figure 9). Up to 80% of duodenal ulcers and 50% of 
gastric ulcers are associated with H. pylori infection; eradication of the organism significantly 
reduces the risk of ulcer recurrence. 


H. pylori is a group I carcinogen (that is, an agent that is definitely carcinogenic to humans); it is 
the leading cause of gastric cancer worldwide. Mucosa-associated lymphoid tissue (MALT) 
lymphoma is a low-grade B-cell marginal zone lymphoma that arises from lymphoid tissue 
within the lamina propria. H. pylori has been detected in more than 75% of patients with MALT 
lymphoma; eradication of the organism causes varying degrees of tumor regression in 70% to 
80% of patients. Patients with early-stage disease are most likely to have complete remission 
with H. pylori treatment. Patients with more extensive disease—as demonstrated by ulceration, 
nodular submucosal mass lesions, invasion throughout the wall of the stomach, or 
lymphadenopathy—are more likely to require standard lymphoma therapy. 


Gastric adenocarcinoma from H. pylori infection develops through a sequence of gastritis, 
atrophy, intestinal metaplasia, dysplasia, and carcinoma. Patients who undergo endoscopic 
resection for early-stage gastric cancer with remaining gastric mucosa should be considered for 
testing and eradication of H. pylori because of the risk of metachronous neoplasia. Patients with 
intestinal metaplasia on routine gastric biopsy should be tested and treated for H. pylori because 


intestinal metaplasia is an independent risk factor for gastric malignancy, although the extent to 
which there is regression of metaplasia with eradication of the organism is not known. 


It has been reported that 20% to 60% of patients with functional dyspepsia have evidence of H. 
pylori gastritis and that eradication of the organism results in symptomatic benefit in a small 
number (10%) of these patients. Therefore, as mentioned above in the discussion of dyspepsia, 
patients younger than 55 years who have new-onset dyspepsia without alarm features should 
undergo H. pylori testing and treatment if infection is confirmed. Another option in 
uninvestigated dyspepsia in the absence of alarm symptoms is the use of acid suppression 
therapy with monitoring for clinical response given the relative equivalence in terms of cost 
effectiveness compared with a test-and-treat approach. 


There has been long-standing concern about the relationship of H. pylori infection and GERD, 
including the development of new GERD-related symptoms after eradication of H. pylori. 
However, the current evidence does not allow definitive conclusions on whether patients with H. 
pylori infection have more, less, or equal rates of GERD-related symptoms compared with 
uninfected patients. Similarly, studies have not supported the conjecture that treating H. pylori 
infection will worsen GERD. Therefore, therapy for H. pylori infection should not be withheld 
because of concerns of worsening GERD. 
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Figure 9. Natural history of Helicobacter pylori infection. 
MALT = mucosa-associated lymphoid tissue. 


Reproduced with permission from Suerbaum S, Michetti P. Helicobacter pylori infection. N 
Engl J Med. 2002;347:1180. [PMID: 12374879] Copyright 2002, Massachusetts Medical 
Society. All rights reserved. 
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Diagnostic Tests 


Testing for H. pylori is indicated in patients with active peptic ulcer disease (duodenal or 
gastric), in patients with a history of peptic ulcer disease who have not been previously treated 
for H. pylori, in patients with low-grade gastric MALT lymphoma, in patients who have 
undergone endoscopic resection of early gastric cancer, and in patients younger than 55 years 
with uninvestigated dyspepsia without alarm symptoms. The diagnostic tests for H. pylori are 
shown in Table 7. The most commonly used endoscopic tests include histologic assessment and 
the rapid urease test. The sensitivity of the rapid urease test can be reduced up to 25% in patients 
who have taken a PPI within 2 weeks or bismuth or antibiotic therapy within 4 weeks of the 
endoscopy; histology is the endoscopic test of choice in such patients. Histologic examination 
that shows an antral-based gastritis, pangastric atrophy, or gastric intestinal metaplasia (which 
may be surrogate markers of infection) without identification of the organism should be followed 
by an additional test for the organism. The sensitivity of urea breath testing, like that of the rapid 
urease test, is reduced by medications that affect urease production; therefore, PPI therapy, 
bismuth and antibiotic therapy should be held for the intervals previously noted. 


Testing all patients with H. pylori infection after therapy to confirm eradication of the organism 
is not practical or cost-effective; however, with the declining efficacy of treatment regimens, 
eradication testing may become more common. Confirmation of eradication is recommended in 
patients with H. pylori-associated ulcer, persistent dyspepsia despite a test-and-treat approach, H. 
pylori-associated MALT lymphoma, and previous treatment for early-stage gastric cancer. The 
urea breath test and stool antigen test can be used to confirm eradication; confirmatory tests 
should be done at least 4 weeks after completion of therapy. 


Table 7. Characteristics of Commonly Used Tests for 
Detection of Helicobacter pylori Infection 


Test Sensitivity Specificity Comments 
Nonendoscopic Tests 


Antibody test (serum) 88%—94% 74%-88% Inexpensive; good negative predictive value; 
positive predictive value depends on prevalence; 
not recommended after therapy to document 


eradication 

Antibody test (whole 67%-85% 75%-91% 

blood) 

Enzyme-linked 86%-94% 78%-95% 

immunosorbent assay 

(serum) 

Stool antigen test 94% 92% Good positive and negative predictive value 
irrespective of prevalence; can be used before and 
after therapy 

Urea breath test 90%-96% 88%-98% Good positive and negative predictive value 


irrespective of prevalence; can be used before and 
after therapy; sensitivity affected by use of PPI, 
bismuth, antibiotics 


Endoscopic Tests 


Urease test (biopsy) 88%-95% 95%- Inexpensive; sensitivity affected by use of PPI, 
100% bismuth, antibiotics 

Histology 93%-96% 98%-99% Provides tissue diagnosis; expensive 

Culture 80%-98% 100% Expensive, not widely available 

Polymerase chain >95% >95% Not widely available or standardized; not 

reaction practical for routine diagnosis 
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Treatment 


Treatment regimens for H. pylori are shown in Table 8. Triple therapy consisting of a PPI, 
amoxicillin, and clarithromycin is the most commonly used initial treatment. If the patient is 
from an area with increased clarithromycin resistance, metronidazole is used in place of 
clarithromycin. Bismuth-based regimens have the advantage of low cost and effectiveness in 
areas of high clarithromycin resistance. Sequential therapy has shown promising results, with 
eradication rates of >90%; in addition, eradication rates were approximately three times higher in 
patients with clarithromycin-resistant strains. However, sequential therapy has not been validated 
in the United States. 


Treatment failure is usually the result of noncompliance with medical therapy or of antimicrobial 
resistance, given the low reinfection rate (<2% of patients/year). For retreatment, clarithromycin 
should be avoided if it was included in the initial therapy. If both clarithromycin- and 
metronidazole-resistance is suspected, salvage therapy should be considered (Figure 10). In the 
United States, failed PPI-based triple therapy would preferably be followed by 7 to 14 days of 
bismuth-based quadruple therapy. Salvage therapy with a levofloxacin-based regimen may be 
better tolerated and more effective than bismuth-based quadruple therapy, but further validation 
is required. 


PPI triple therapy 


| 


Failure 


= = Se 


Susceptibility driven therapy | Quadruple therapy 
PPI twice daily 
Metronidazole 500 mg 
3-4 times a day 
Anti-microbial sensitivity testing Tetracycline 500 mg 
3-4 times a day 
l Bismuth (dose depends 


on preparation) 


Tailored therapy 3-4 ume rea for 


Sequential therapy Salvage therapy 
PPI twice daily PPI twice daily+ 
Amoxicillin 1 gram Amoxicillin 1 gram twice daily + 
twice a day for 5 days either 


Levofloxacin 500 mg/day for 10 days 
Followed by or 
Rifabutin 300 mg/day for 10 days 
or 
Furazolidone 200-400 mg/day 
for 10 days 


PPI twice daily 
Clarithromycin 500 mg 


twice daily 
Tinidazole 500 mg 
twice daily for 5 days 


Figure 10. Treatment strategies for the patient who fails 
initial Helicobacter pylori therapy. 


PPI = proton pump inhibitor. 


Reprinted from Vakil N, Megraud F. Eradication therapy for Helicobacter pylori. 
Gastroenterology 2007;133:990. [PMID: 17854602] Copyright 2007, with permission from 


Elsevier. 


Table 8. First-Line Regimens for Helicobacter pylori 


Eradication 


Regimen 


PPI, BID 10-14 


Clarithromycin, 500 mg BID 


Amoxicillin, 1000 mg BID 


PPI, BID 10-14 


Clarithromycin, 500 mg BID 


Metronidazole, 500 mg BID 
PPI, BID 


Bismuth subsalicylate, 525 mg QID 


Duration (days) Eradication Rates (%) 


70-85 


70-85 


Metronidazole, 250 mg QID 10-14 75-90 


Tetracycline, 500 mg QID 


Sequential Therapy* >90 
Standard-dose PPI BID 5 

Amoxicillin 1000 mg BID, followed by: 

PPI, BID 5 


Clarithromycin, 500 mg BID 
Tinidazole, 500 mg BID 


PPI=proton pump inhibitor; BID=twice daily; QID=four times daily. 


“ Sequential therapy has not been validated in the United States. 
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Complications of Nonsteroidal Anti-Inflammatory Drugs 


NSAIDs are one of the most widely used classes of drugs in the world. In the United States, 5% 
to 10% of the population takes NSAIDs regularly, with higher rates of use in the elderly. 
Gastrointestinal complications from NSAIDs include dyspepsia, peptic ulcer disease, and 
strictures or web formation. More than 16,000 patients die annually from NSAID-induced 
gastrointestinal injury. 


NSAIDs cause topical injury to the gastric mucosa on contact, but many of the toxic effects of 
these agents are the result of their mechanism of action, that is, the inhibition of prostaglandin 
synthesis, which results in decreased surface mucus, bicarbonate secretion, and epithelial 
proliferation, all of which make the mucosa more susceptible to injury. Because of the systemic 
effects of prostaglandin inhibition, enteric-coated NSAIDs and NSAIDs given by intravenous or 
rectal routes of administration also cause gastrointestinal toxic effects. 


Factors related to an increased risk for NSAID-induced complications include age >60 years, 
history of peptic ulcer disease or hemorrhage, escalating doses of NSAIDs, combination of two 


or more NSAIDs (including low-dose aspirin), concurrent use of anticoagulants or 
corticosteroids, or significant medical comorbidities. 
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Prevention of NSAID-Induced Injury 


For patients who require long-term NSAID therapy, the use of alternative analgesics such as 
acetaminophen should be considered. If NSAID therapy is required, the lowest therapeutic dose 
should be given. Additionally, NSAIDs with safer side effect profiles (etodolac, nabumetone, 
meloxicam or selective cyclooxygenase-2 [COX-2] inhibitors) should be considered. The risk of 
gastrointestinal injury with COX-2 inhibitors is significantly lower than that of traditional 
NSAIDs; however, the risk is not affected if COX-2 inhibitors are combined with low-dose 
aspirin therapy. COX-2 inhibitor therapy has been associated with the development of ischemic 
cardiovascular disease. Celecoxib is a COX-2 inhibitor that is still in clinical use, whereas 
rofecoxib and valdecoxib have been withdrawn from the market. 


Patients taking long-term NSAID therapy who need prophylaxis for peptic ulcer disease include 
the elderly, those with previous NSAID-related gastrointestinal complications, and those taking 
anticoagulation or corticosteroid therapy. The most common prophylaxis is PPI therapy. High- 
dose famotidine has also been found to significantly prevent ulcers but is not considered first-line 
therapy. The prostaglandin-E1 analogue misoprostol also effectively reduces NSAID-related 
ulcers; however, the side effects of misoprostol, including dose-related diarrhea (>20% of 
patients) and its role as an abortifacient, limit its use. 
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Treatment of NSAID-Induced Injury 


For patients with NSAID-induced gastrointestinal injuries, consideration should be given to 
eliminating or reducing the dose of the NSAID. Even in the setting of NSAID use, the patient 
with peptic ulcer disease should be evaluated for H. pylori infection. For ulcer healing, 
antisecretory therapy should be initiated. Therapy with a PPI heals peptic ulcers whether or not 
NSAID therapy is discontinued; H>-receptor antagonists heal ulcers if the NSAID is 
discontinued, but healing is significantly delayed if NSAID therapy is continued. 
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Gastric Polyps, Subepithelial Lesions, and Adenocarcinoma 


e Gastric Polyps 
e Gastric Subepithelial Lesions 
e Gastric Adenocarcinoma 
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Gastric Polyps 


Gastric polyps, which are often incidentally found during upper endoscopy, have a prevalence of 
approximately 1%. Synchronous polyps are found in approximately 25% of patients. Although 
most patients with gastric polyps are asymptomatic, some patients may present with obstruction 
or bleeding. 


Fundic gland polyps are the most common form of gastric polyps, accounting for approximately 
50% of all cases; they are small (often 1 to 5 mm) and occur exclusively in the body and fundus. 
Most fundic polyps are sporadic, may be multiple (often <10), with a 1% likelihood of dysplasia 
and no defined cancer risk. Fundic gland polyps are more common in patients with familial 
adenomatous polyposis; polyps in these patients may be numerous, have a 25% likelihood of 
dysplasia, and a low cancer risk. Endoscopic surveillance is recommended in these patients. 
Hyperplastic polyps average | cm in diameter, may be multiple, and often occur in the setting of 
chronic gastritis. Malignant potential is very small. The polyps may regress in size with 
eradication of H. pylori in infected patients. 


Gastric adenomatous polyps vary in size, occur most commonly in the gastric antrum, and may 
also occur in the setting of chronic gastritis. There can be varying grades of dysplasia, with risk 
of malignant transformation. Gastric adenomas should be removed with endoscopic 
polypectomy. There are no guidelines for endoscopic surveillance for patients with gastric 
adenomas; however, follow-up endoscopy should be strongly considered in patients with gastric 
adenomas and other risk factors for gastric cancer, such as a family history of gastric cancer, 
personal history of intestinal metaplasia, and familial cancer syndromes. 
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Gastric Subepithelial Lesions 


Gastric subepithelial lesions (or submucosal lesions) appear as a protrusion into the lumen of the 
stomach, with normal overlying mucosa; they are either extra- or intramural and may be benign 
or malignant. The detection rate of subepithelial lesions during upper endoscopy is less than 
0.5%. Endoscopic ultrasonography can be used to differentiate these lesions and to obtain 
specimens for histopathology if needed. CT or MRI scans can determine spread of malignant 
lesions. 


Gastrointestinal stromal tumors are the most common intramural subepithelial lesion in the 
stomach, with up to a 30% rate of malignancy. These tumors express CD117, a c-kit protein with 
tyrosine kinase activity. Features that may help predict malignant behavior include tumor size, 
irregularity, and mitotic count. Surgery is the standard of care for most gastrointestinal stromal 
tumors. 
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Gastric Adenocarcinoma 


In 2008 in the United States, an estimated 21,260 patients will be diagnosed with gastric cancer 
and 11,210 will die of it, with an incidence rate for all races of 11.4/100,000 men and 
5.6/100,000 women. The incidence of gastric cancer is decreasing significantly, but it remains 
one of the most common malignancies worldwide. The falling incidence may be related to 
increased recognition and modification of risk factors, including treatment of H. pylori infection. 


There are various environmental, host, and familial risk factors for gastric cancer. Environmental 
risk factors include diets high in nitrates (cured meats, pickled items), fried foods, processed 
meats and fish, and salt; diets low in vegetables and citrus fruits are associated with the disease. 
Tobacco use is thought to increase the risk of gastric cancer, but alcohol consumption has not 
been consistently related. Host-related risk factors include blood group A; whether this is related 
to the actual blood group antigens or nearby genes is not clear. In addition, patients with chronic 
atrophic gastritis, pernicious anemia, H. pylori infection, premalignant gastric polyps, and past 
gastric resections are also at risk. Familial cancer syndromes such as hereditary nonpolyposis 
colorectal cancer or familial adenomatous polyposis are associated with increased risk for gastric 
cancer, as are germline mutations of the E-cadherin gene CDH/, an autosomal dominant 
condition with a greatly increased lifetime cumulative risk of gastric cancer. 


Weight loss and abdominal pain are the most common clinical manifestations of gastric cancer, 
with other symptoms including nausea, early satiety, gastric outlet obstruction, or occult 
bleeding. Most symptomatic patients have advanced disease at presentation, with only 50% of 
patients being candidates for curative resection. Upper endoscopy is often the first test performed 
to establish the diagnosis. CT scanning is often the next step to evaluate for metastatic 
involvement, but it cannot accurately assess the depth of disease in early lesions. Conversely, 
endoscopic ultrasonography is the most reliable preoperative test for assessing depth of invasion, 
but it is poor at determining distant metastases. Positron emission tomography may be used 
preoperatively to follow-up suspicious but nondiagnostic abnormalities detected on CT scan. A 
chest radiograph should be done in all patients preoperatively; chest CT imaging should be 
considered in those with proximal gastric lesions to evaluate for intrathoracic disease. If ascites 
is present, paracentesis should be done to evaluate for peritoneal carcinomatosis. (The 
management of gastric cancer is addressed in MKSAP 15 Hematology and Oncology.) 
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Gastric Motility Disorders 


Gastroparesis is delayed gastric emptying in the absence of mechanical obstruction. The 
prevalence of the disorder is not known, but it is estimated to occur in 20% to 40% of patients 
with type | diabetes mellitus and 25% to 40% of patients with functional dyspepsia. Most 
patients with gastroparesis are women. 
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Diagnosis 


The evaluation for gastroparesis is based on the patient having compatible clinical features and 
requires objective confirmation of delayed gastric emptying and the absence of mechanical 
obstruction. Clinical features of gastroparesis include nausea, vomiting, bloating, and 
postprandial fullness with early satiety. Weight loss may ensue because of inadequate nutritional 
intake. Abdominal discomfort is present in 50% to 90% of affected patients, and it may be the 
predominant symptom in patients with gastroparesis and functional dyspepsia. The abdominal 
examination may show epigastric distention or tenderness, and there may be a succussion splash. 
However, epigastric distention or a succussion splash does not distinguish obstruction from 
gastroparesis. 


An upper endoscopy or barium radiograph should be performed to rule out mechanical 
obstruction before tests are done to assess gastric motility. Retained food in the stomach after an 
overnight fast is suggestive of delayed gastric emptying, and in the absence of mechanical 
obstruction detected endoscopically, may indicate gastroparesis. A stepwise approach to the 
patient suspected to have gastroparesis is shown in Table 9. 


Table 9. Evaluation of the Patient Suspected to Have 
Gastroparesis 


Initial Evaluation 
History and examination 
Laboratory studies 
CBC, glucose, electrolytes, protein, albumin, calcium 
Pregnancy test (if applicable) 
Flat and upright abdominal radiograph 
Consider if vomiting or pain is acute and/or severe 
Evaluate for Organic Disorders 
EGD or upper gastrointestinal barium series 
Rule out obstruction or mucosal lesions 
Biliary ultrasound 
Consider if pain a predominant feature 
Evaluate for Delayed Gastric Emptying 
Solid-phase gastric emptying study (scintigraphy) 
Evaluate for secondary causes of gastroparesis TSH, ANA, anti-Scl-70, HbA,, 
Treatment Trial with Prokinetic +/- Antiemetic 
See text for options 
If No Response, Consider Further Studies 
Electrogastrography 


Antroduodenal manometry 

Small bowel imaging 

Barium follow-through or enteroclysis 
Further laboratory studies 
Paraneoplastic antibodies (ANNA), tTG 


CBC = complete blood count; EGD = esophagogastroduodenoscopy; TSH = thyroid-stimulating 
hormone; ANA = antinuclear antibody; anti-Scl-70 = scleroderma antibody; HbA. = 
hemoglobin Aic; ANNA = antineuronal nuclear antibody; tTG = tissue trans-glutaminase 
antibody. 
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Testing 


Delayed gastric emptying is confirmed by gastric scintigraphy of a radiolabeled solid meal. 
Many medications can affect gastric emptying (notably opioid analgesics, anticholinergic agents, 
metoclopramide, and erythromycin) and should be discontinued before scintigraphy based on the 
medication half-life. 


Many centers test for 2 hours after the ingested meal, but testing for 4 hours increases the yield 
of the scintigraphic test and is recommended. Retention of more than 10% of the ingested meal 
at 4 hours is abnormal. Disadvantages of this test include exposure to radioactive material, cost, 
and variability in test performance. Gastric emptying can also be indirectly assessed by breath 
testing in which a meal containing"? C-labeled isotope is ingested, and breath samples are 
analyzed for the presence of isotope in exhaled carbon dioxide, thus determining the rate of 
gastric emptying. Breath testing offers the advantage of using a nonradioactive isotope, with a 
sensitivity of 86% and specificity of 80% compared to scintigraphy; however, there may be lack 
of standardization among various centers. After gastroparesis is confirmed, antroduodenal 
manometry may be used to differentiate a myopathic from a neurologic cause; this procedure can 
also differentiate mechanical obstruction from pseudo-obstruction if not apparent. 


The predominant causes of gastroparesis include idiopathic (33%), diabetes mellitus (25%), and 
postoperative states (20%). Other causes include eating disorders, renal failure, neurologic 
disorders (such as Parkinson disease), paraneoplastic syndromes, rheumatologic conditions (such 
as scleroderma), previous lung or heart-lung transplantation, and viral infections. A viral cause is 
suggested by rapid onset of gastroparesis after a presumed viral infection. Medications can also 
contribute to gastroparesis from any of these disorders. The diabetic patient with gastroparesis 
often has had diabetes mellitus for more than 10 years and has other end-organ involvement. 
However, hyperglycemia alone may account for delayed gastric emptying given its effect on 
reducing antral contractions, increasing pyloric contractions, and modulating fundic relaxation. 
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Management 


The management for gastroparesis includes dietary manipulation, medical therapy for 
symptomatic relief, and modifying risk factors that may improve motility. Patients with 
gastroparesis should be placed on a low-fat, low-fiber diet. Roughage should be avoided to 
decrease bezoar formation. Smaller, more frequent meals are recommended. Because liquids 
empty from the stomach more rapidly than solids, patients with severe symptoms may need to 
replace solid foods with nutrient drinks. Electrolyte abnormalities should be corrected and 
glycemic control tightened in diabetic patients. Exacerbating medications should be 
discontinued. 


Medical therapy for gastroparesis may include a combination of antiemetic therapy and 
promotility agents. Prokinetic agents available in the United States include metoclopramide and 
erythromycin (Table 10). 


Metoclopramide has prokinetic and antiemetic properties and can be used for short-term 
treatment of gastroparesis. Tardive dyskinesia is a serious complication of metoclopramide 
therapy, is more common in women, occurs with increased frequency with prolonged use, and 
may be irreversible. Erythromycin is most useful in hospitalized patients with acute gastroparesis 
because long-term use leads to tachyphylaxis. Both metoclopramide and erythromycin are 
available in a liquid formulation. Domperidone is a dopamine receptor antagonist that may cause 
fewer extrapyramidal side effects than metoclopramide, but it is not FDA-approved. Tegaserod 
and cisapride were previously FDA-approved for gastrointestinal motility disorders, but both 
agents have been withdrawn from the market because of serious cardiovascular side effects 
associated with their use. Cisapride is available to a limited degree on a compassionate use basis 
for select patients with serious motility problems that exceed the cardiotoxic risk of the 
medication. Botulinum toxin injected into the pyloric sphincter can decrease pyloric pressure to 
ease gastric emptying, with long-term relief not expected. Gastric electrical stimulation is FDA- 
approved for humanitarian use in patients with refractory symptoms. 


A feeding jejunostomy tube with or without a venting gastrostomy may be needed for nutritional 
support for patients with gastroparesis who have not met their nutritional needs and access for 
medication therapy. Total parenteral nutrition should be reserved for the patient who cannot 
tolerate enteral feeding given the risks associated with long-term parenteral nutrition. 


Table 10. Prokinetic Agents for Gastroparesis 


Agent Dosing Route Side Effects Availability 


Metoclopramide 10 mg QID before meals Acute dystonic Yes 
and bed Can increase to 20 reactions 
mg as needed PO, SQ, IV, 
suppository Drowsiness, fatigue 


Breast engorgement, 
galactorrhea, menstrual 
irregularities 


Parkinsonian-like 
tardive dyskinesia 
Erythromycin 125-250 mg PO TID before Gastrointestinal side Yes 
meals 3 mg/kg IV every 8 effects 


hours PO, IV 
Consider cytochrome 
P450 drug interactions 
Tachyphylaxis with 
chronic use 
Cisapride NA QT interval prolonged, Withdrawn from market 
torsades de pointes 2000; available for 
compassionate use only 
Death 
Domperidone NA Near lack of Available in Canada, 
extrapyramidal effects Mexico, Europe but not 
in the United States 
Breast engorgement, 
galactorrhea, menstrual 
irregularities 
Tegaserod NA Cardiovascular events Withdrawn from market 
2007 
Death 


QID = four times daily; PO = orally; SQ = subcutaneously; IV = intravenously; TID = three 
times daily; NA = not available. 


Adapted with permission from: Parkman HP, Hasler WL, Fisher RS. American 


Gastroenterological Association technical review on the diagnosis and treatment of gastroparesis. 
Gastroenterology. 2004;127(5):1592-622. [PMID: 15521026] Copyright 2004, Elsevier. 
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Complications of Gastric Surgical Procedures 


e Bariatric Surgery Complications 
e Gastric Resection Complications 
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Bariatric Surgery Complications 


Because of the increasing use of bariatric surgery, clinicians need to be aware of the 
complications of the procedures. There are two forms of bariatric surgery: restrictive procedures 
limit caloric intake by reducing the stomach“s capacity; malabsorptive procedures decrease the 
effectiveness of nutrient absorption by shortening the functional small intestine. The most 
common bariatric surgery performed in the United States is Roux-en-Y gastric bypass, which is a 
combined restrictive and malabsorptive procedure (Figure 11). Complications from these 
procedures can be divided into early (first 30 days after surgery) and late (after 30 days) 
complications (Table 11). Pulmonary embolism, which is an infrequent complication of bariatric 
surgery, is, however, one of the leading causes of death associated with the procedure, 
accounting for 50% of all deaths in these patients. 


Bariatric surgery can be complicated by various nutritional deficiencies (Table 12). Iron 
deficiency occurs in nearly 50% of patients after Roux-en-Y gastric bypass as a result of 
alteration in gastric acid that affects iron reduction and from bypassing the proximal small bowel 
where iron absorption is maximal. Although a multivitamin containing iron is adequate iron 
replacement for many patients, supplemental iron may be required. The absorption of vitamin 
Bj2 is also significantly altered after Roux-en-Y gastric bypass, and multivitamin 
supplementation is not adequate to prevent vitamin Bj deficiency. Although folate deficiency 
can occur, it is usually transient because of the adaptive capability of the remaining small bowel 
for folate absorption. However, in women of childbearing age who have had bariatric surgery 
with intestinal bypass, folate supplementation should be provided given the risk of fetal neural 
tube defects if the patient becomes pregnant. Calcium and vitamin D supplementation may also 
be required. In some patients, weight loss may be more rapid and more severe than anticipated; 
in these cases, other causes for malabsorption need to be considered, such as bacterial 
overgrowth, unmasked celiac disease, and pancreatic insufficiency. 


Figure 11. Anatomy of Roux-en-Y gastric bypass surgery. 


A small 50-mL pouch is made in the upper stomach, which is closed from the lower stomach 
with two staple lines. A Roux-en-Y loop is made with the jejunal end anastomosed to the small 
pouch. The gastric contents and the duodenal contents meet up when the two segments 
anastomose. 


Table 11. Complications Related to Bariatric Surgery 


Complication Management 
Early 
Anastomotic leak Antibiotics, re-explore 
Bowel obstruction Re-evaluate, re-explore 
Hemorrhage Resuscitate, re-explore 
Venous thromboembolism Anticoagulation 
Wound infection Antibiotics 
Late 
Anastomotic stricture Balloon dilation 
Bacterial overgrowth Antibiotics 
Incisional hernia Surgery with mesh 
Marginal ulceration PPI 


Nutritional deficiencies Appropriate replacement 


PPI = proton pump inhibitor. 


Table 12. Nutritional Deficiencies and Placement After 
Bariatric Surgery 


Nutrient Deficiency Replacement Therapy 
Iron MVI with iron, or elemental iron 65 mg orally daily 
Vitamin B12 Vitamin B12 500 ug orally daily, or 1000 ug IM monthly 
Folic acid MVI with folate, or folate 1 mg orally daily (women of childbearing age) 
Calcium Elemental calcium 1500 mg orally daily 
Vitamin D Vitamin D 400 IU orally daily 


Thiamine (vitamin B1) Thiamine 50 mg orally daily (stop after 6 months) 
Vitamin A MVI daily; only use replacement therapy as needed 


MVI = multivitamin; IM = intramuscularly. 


PreviousNext 


Gastric Resection Complications 


There are various postgastrectomy syndromes. Dumping syndrome may occur in up to 20% of 
patients who undergo gastrectomy or vagotomy. Early dumping syndrome, which is caused by 


rapid emptying of hyperosmolar substances into the small bowel, occurs within 30 minutes after 
a meal and is characterized by diarrhea, bloating, nausea, and tachycardia. Late dumping 
syndrome occurs | to 3 hours after a meal and is characterized by neuroglycopenic symptoms. In 
early and late dumping syndromes, carbohydrate-rich foods and nutrient liquid drinks are poorly 
tolerated; patients should be encouraged to consume foods higher in fat and protein. Other post- 
ulcer surgery complications include afferent loop syndrome, which consists of chronic partial 
obstruction of the proximal loop of the duodenum and jejunum and results in duodenal 
distention, pain, and nausea after the patient eats; retained antrum syndrome, which is a rare 
condition in which an ulcer recurs associated with high levels of circulating gastrin; bile reflux 
gastropathy; and postvagotomy diarrhea. In addition, patients may present with features of 
maldigestion and malabsorption secondary to rapid transit, inadequate mixing of digestive 
enzymes, loss of gastric acid, decreased absorptive surface area, and secondary bacterial 
overgrowth. 
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Disorders of the Pancreas 


e Acute Pancreatitis 
e Chronic Pancreatitis 
e Pancreatic Adenocarcinoma 


e Cystic Neoplasms of the Pancreas 
e Pancreatic Neuroendocrine Tumors 


Key Points 


e Alcohol abuse and gallstones account for approximately 80% of cases of acute 
pancreatitis in the United States. 

e Diagnosis of acute pancreatitis is made primarily through clinical evaluation and 
detection of elevated serum concentrations of amylase and lipase. 

e The most important determinant of patient outcome in acute pancreatitis is the presence 
of pancreatic necrosis. 

e Prophylactic antibiotic therapy in patients with acute pancreatitis should be limited to 
those patients with necrotizing pancreatitis. 

e Nasojejunal feeding is the preferred route of nutrition in patients with acute pancreatitis. 

e Manifestations of chronic pancreatitis include abdominal pain, malabsorption, and 
diabetes mellitus. 

e Diagnosis of chronic pancreatitis is made by imaging that shows pancreatic calcifications 
and ductal and parenchymal changes of the pancreas or biochemical tests that show 
impaired pancreatic function. 

e Treatment of chronic pancreatitis includes pain control by medical, endoscopic, or 
surgical methods; pancreatic enzyme supplementation for malabsorption; and careful 
glucose control for diabetes mellitus. 

e Pancreatic adenocarcinoma is one of the deadliest cancers, with a 5-year survival rate less 
than 5% overall and only 10% to 25% in patients who undergo surgery with curative 
intent. 

e Preoperative diagnosis and staging of pancreatic adenocarcinoma are performed with CT 
scanning and endoscopic ultrasonography; tumors that have not metastasized or invaded 
large local vessels are considered to be resectable. 

e Surgery is the only curative option for pancreatic cancer: pancreatoduodenectomy is the 
procedure for cancer of the pancreatic head, and distal pancreatectomy for cancer of the 
body and tail; only 15% to 20% of patients are surgical candidates. 

e Management of pancreatic cystic lesions is determined by the presence of symptoms and 
malignant potential as determined by CT and MRI scanning, endoscopic ultrasonography, 
and cyst fluid analysis. 

e Pancreatic neuroendocrine tumors lead to symptoms either through tumor mass effect or 
excessive secretion of hormones. 
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Acute Pancreatitis 


Acute pancreatitis is an acute or relapsing inflammatory process that may also involve 
peripancreatic tissues and other organs. The prevalence of acute pancreatitis appears to be rising 
in Western populations, with a range of 11 to 40 cases per 100,000. The mortality rate has 
remained constant at 7% to 8%. 

The severity of acute pancreatitis is strongly correlated with the degree of pancreatic necrosis. 
Although most cases are self-limited, approximately 15% of patients develop significant 
pancreatic necrosis and organ compromise. Patients with multiorgan involvement and failure 
almost always have necrosis in 30% to 50% of the gland and a high mortality rate. 

About 80% of all cases of acute pancreatitis are due to gallstones and alcohol abuse. About 10% 


of cases are classified as idiopathic; the remaining 10% of cases are caused by obstruction, 
drugs, and metabolic, genetic, infectious, and vascular disorders (Table 13). 


Table 13. Causes of Acute Pancreatitis 


Obstructive Gallstones (45%) 
Pancreas divisum 
Malignancy 
Choledochocele 


Parasites (Ascaris lumbricoides) 
Toxins/Drugs Alcohol (35%) 


Azathioprine 
Sulfa drugs 
Aminosalicylates 
Metronidazole 
Pentamidine 


Didanosine 
Metabolic Hyperlipidemia 


Hypercalcemia 


Infectious Viral (Cytomegalovirus, Epstein-Barr virus) 


Parasites (Toxoplasma, Cryptosporidium) 
Vascular Ischemia 


Vasculitis 
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Clinical Presentation and Diagnosis 


Patients with acute pancreatitis usually have the sudden onset of epigastric pain, often radiating 
to the back. These symptoms are often accompanied by nausea, vomiting, fever, and tachycardia. 
The physical examination shows epigastric tenderness, abdominal distention, hypoactive bowel 
sounds, and occasional guarding. 


The diagnosis is confirmed by laboratory results showing serum concentrations of amylase and 
lipase that are at least three times the upper limit of normal. The degree of elevation of pancreatic 
enzyme levels, however, does not correlate with severity of disease. Furthermore, serum tests are 
not sensitive because although approximately one third of patients with pancreatitis have 
elevated enzyme levels, they are often not three times above the upper limit of normal. 
Hyperamylasemia may also be caused by disorders of other organs that produce amylase such as 
the salivary glands or fallopian tubes and by a perforated ulcer, intestinal ischemia, or chronic 
renal insufficiency. Detection of an elevated serum lipase is more specific for acute pancreatitis 
but may be an incidental finding in asymptomatic patients (Table 14). 


Although not required to make the diagnosis of acute pancreatitis, imaging can help grade the 
severity of the pancreatitis and sometimes provide a cause. Contrast-enhanced CT scan is the 
most specific test and in some cases can differentiate between edematous, interstitial pancreatitis 
and severe necrotizing pancreatitis. Common findings on CT scan in acute pancreatitis include 
enlargement or irregular contour of the gland, peripancreatic inflammation, and fluid collections 
(Figure 12). MRI scanning may be helpful in patients with hypersensitivity to contrast media. 
Abdominal ultrasonography can be used to detect cholelithiasis in patients with suspected 
gallstone pancreatitis. 


Figure 12. Acute pancreatitis. 


CT scan of a patient with acute interstitial pancreatitis with an inflamed, edematous pancreas. 


Table 14. Nonpancreatic Causes of Elevated Serum Amylase 
and Lipase Levels 


Amylase Elevation Lipase Elevation 
Intestinal ischemia, obstruction, radiation disease Intestinal ischemia, obstruction 
Parotitis Duodenal ulcer 
Ectopic pregnancy, salpingitis Ketoacidosis 
Renal failure Celiac disease 
Anorexia nervosa Macrolipasemia 
Alcoholism Head trauma or intracranial mass 


Ketoacidosis Renal failure 
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Prognostic Criteria for Acute Pancreatitis 


Most episodes of acute pancreatitis are of the mild interstitial form. Almost all associated 
morbidity and mortality occurs in patients with necrotizing pancreatitis and particularly infected 
pancreatic necrosis, which has a mortality rate of 10% to 30%. 


Various scoring systems are used to identify at-risk patients and to determine prognosis; these 
include the Ranson criteria, the Glasgow Scoring System, and the Acute Physiology and Chronic 
Health Evaluation (APACHE) II. Ranson criteria remains the most used scoring system while 
APACHE is the more complex. Neither test should substitute for close clinical judgment of the 
individual patient. The serum concentration of C-reactive protein increases with the severity of 
acute pancreatitis, but it is not a sensitive early marker of severity. Obesity (BMI >30) is also 
associated with severe disease. 
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Management 


Mild acute interstitial pancreatitis usually resolves in a few days and does not result in organ 
dysfunction. Management consists of supportive measures, including bowel rest (nothing by 
mouth), intravenous fluid replacement, and narcotics for pain control. 


In patients with severe acute pancreatitis whose condition is not improving or who continue to 
have fever after 3 to 5 days, contrast-enhanced CT scan should be performed to evaluate for 
necrosis. Prophylactic antibiotic therapy is useful only in patients with necrotizing pancreatitis; 
imipenem, cephalosporins, and fluoroquinolones have been shown to reduce mortality and 
morbidity. Patients with pancreatic necrosis should undergo percutaneous fine-needle aspiration 
for culture and Gram stain to evaluate for the presence of infected pancreatic necrosis. Infected 
pancreatic necrosis should be managed with surgical débridement. 


Patients with severe pancreatitis often have prolonged hospitalizations with the inability to take 
food or liquids by mouth. Recent evidence suggests that the use of early nasoenteral (particularly 
nasojejunal) feeding may lower morbidity, particularly infectious complications, when compared 
with intravenous feeding. 


Endoscopic retrograde cholangiopancreatography (ERCP) is recommended in patients with 
evidence of gallstone pancreatitis and suspected biliary obstruction. Biliary obstruction is 
suspected if cholelithiasis or choledocholithiasis is present, there is bile duct dilation, and there is 
elevation of liver enzymes. Aminotransferase concentrations rise initially in gallstone 
pancreatitis with subsequent rise of alkaline phosphatase and bilirubin if obstruction persists. 


ERCP with sphincterotomy has been shown to lower morbidity and mortality in these patients, 
significantly reducing rates of cholangitis and biliary sepsis. 
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Complications 


Pancreatic pseudocysts (cysts of pancreatic juice that have a fibrous, nonepithelial lining that 
occurs around the gland) are the most common complication of acute pancreatitis. The cysts 
generally take at least 4 weeks to form, often resolve spontaneously, and are asymptomatic; they 
may, however, cause pain or obstruction by pressing against other organs (Figure 13). 
Symptomatic pseudocysts are treated with percutaneous drainage or endoscopic or surgical 
drainage via the stomach or duodenum. 


A patient with an infected pseudocyst (pancreatic abscess) presents with worsening abdominal 
pain, fever, and an increasing leukocyte count. Treatment is usually percutaneous or surgical 
drainage and antibiotics. 


Less common complications of acute pancreatitis are pancreatic tract leaks or fistulas that may 
present with pancreatic ascites. Treatment is bowel rest, endoscopic stenting, or surgery. 
Pancreatitis may also lead to splenic vein thrombosis with subsequent gastric varices and 
bleeding. Some patients with severe pancreatitis and significant necrosis may develop diabetes 
mellitus. 


Figure 13. Pancreatic pseudocyst. 


CT scan showing pancreatic pseudocyst causing subsequent gastric outlet obstruction. 
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Chronic Pancreatitis 


Chronic pancreatitis is an irreversible chronic inflammatory condition of the pancreas 
characterized by fibrosis that progressively destroys exocrine and endocrine tissue. The 
prevalence of chronic pancreatitis is estimated at 3 to 10 cases per 100,000. There is a significant 
male predominance and strong association with alcohol consumption. 


The most common cause of chronic pancreatitis in Western countries is alcohol abuse. The 
amount of alcohol consumed and the duration of consumption correlate with risk for chronic 
pancreatitis, but in patients who abuse alcohol, the risk may be increased also by nutritional and 
genetic factors. Approximately 20% of cases of chronic pancreatitis had previously been 


classified as idiopathic, but as more genetic causes have been identified and as diagnostic 
imaging has improved, more cases are now shown to have specific causes (Table 15). 


Patients with chronic pancreatitis may present with one or more of the following: pain, 
malabsorption, and new-onset diabetes mellitus. The pain of chronic pancreatitis affects at least 
85% of patients, is usually chronic and constant, is localized to the midepigastrium, radiates to 
the back, and is often exacerbated by food. Acute exacerbations may occur in addition to the 
constant pain. The pain results from chronic inflammation, increased intraductal pressure in the 
pancreatic ducts, and chronic stimulation of the nerves to the pancreas. When approximately 
80% of the exocrine pancreas is damaged, malabsorption results, accompanied by steatorrhea, 
weight loss, and deficiencies of fat-soluble vitamins. Endocrine insufficiency in the form of 
diabetes mellitus occurs late in the disease when most of the gland has been damaged. In 
addition to the destruction of the insulin-producing ß cells, chronic pancreatitis also leads to 
destruction of the glucagon-producing a cells; glucagon is the counterregulatory hormone that 
promotes gluconeogenesis, and the diabetes associated with chronic pancreatitis is therefore 
difficult to treat, with frequent episodes of hypoglycemia after insulin administration. 


Table 15. Causes of Chronic Pancreatitis 


Alcohol Abuse 
Obstruction 

Tumor 

Trauma 

Pancreas divisum 
Metabolic Disorders 
Hyperlipidemia 
Hypercalcemia 
Genetic Disorders 
Cystic fibrosis 
Hereditary pancreatitis 
Pancreatic secretory trypsin inhibitor mutations 
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Diagnosis 


Diagnostic tests for chronic pancreatitis consist of biochemical tests to evaluate pancreatic 
function and imaging tests to evaluate pancreatic structure. The most sensitive test for pancreatic 
function is the secretin stimulation test in which bicarbonate is collected and measured in the 
duodenum via an oroduodenal tube after administration of intravenous secretin. The test has 
sensitivity of 75% to 95% but is very cumbersome for the patient and is rarely used. A 72-hour 
stool collection can be performed to test for fat malabsorption; >7 g of fat in the stool is 


considered abnormal. Chymotrypsin and elastase are stable products of pancreatic secretion that 
can be measured in feces; low values reflect insufficient pancreatic secretion of these enzymes. 
These tests all have low sensitivity, only being abnormal in patients with advanced chronic 
pancreatitis. 


Imaging tests are used to evaluate for the structural changes of chronic pancreatitis. A plain 
radiograph showing pancreatic calcifications can confirm the diagnosis of chronic pancreatitis 
but is insensitive (approximately 30%). In the evaluation for duct dilation, duct irregularity, 
calcifications, or changes in the pancreatic parenchyma, abdominal ultrasonography (sensitivity 
70%) and CT scan (sensitivity 90%) have been used. ERCP, the gold standard for diagnosing 
chronic pancreatitis, has a sensitivity of 95% when characterizing and examining the main duct 
and side branches (Figure 14). Endoscopic ultrasonography has recently been found to be almost 
equivalent to ERCP in establishing the diagnosis of chronic pancreatitis with less risk to the 
patient. Both ERCP and endoscopic ultrasonography, however, have a good deal of interobserver 
variability and may result in false-positive diagnoses of chronic pancreatitis. Magnetic resonance 
cholangiopancreatography (MRCP) has also been found to have sensitivities close to ERCP and 
endoscopic ultrasonography for the diagnosis of chronic pancreatitis, especially when MRCP 
imaging is combined with secretin stimulation. 


Figure 14. Chronic pancreatitis. 


Endoscopic retrograde pancreatography showing severe chronic pancreatitis with irregular duct, 
alternating strictures, and dilation, and filling of pseudocyst near the tail of the pancreas. 


Treatment 


Treatment of chronic pancreatitis is directed at controlling pain and alleviating the manifestations 
of diabetes mellitus, malabsorption, and steatorrhea. Glucose control is managed as in patients 
with type | diabetes mellitus, but careful administration of insulin and careful glycemic control 
are essential because of the risk for hypoglycemia in these patients with impaired glucagon 
production. Malabsorption is treated with a low-fat diet and pancreatic enzyme supplementation. 
Generally, a minimum of 30,000 IU of pancreatic lipase before each meal is satisfactory to treat 
malabsorption secondary to chronic pancreatitis. Patients should abstain from alcohol. 


Analgesia with narcotics is often required in patients with severe pain; such treatment can be 
challenging, particularly in patients with addiction problems such as those with alcoholism. 
Pancreatic enzyme replacement therapy may bring pain relief in selected patients by inhibiting 
the cholecystokinin feedback loop and thus decreasing pancreatic stimulation with meals. 


Pain can be decreased by endoscopically removing obstructions to reduce intraductal pressure; 
this can be accomplished by dilating and stenting pancreatic strictures and removing stones. 
Percutaneous or endoscopically guided celiac plexus block can provide temporary relief. 
Surgical therapy is reserved for patients who fail to respond to medical therapy and continue to 
have severe pain. Drainage procedures can be performed, particularly a lateral 
pancreaticojejunostomy, when patients have a large dilated main duct. If the disease is localized 
to a portion of the pancreas, resection procedures such as a pancreaticoduodenectomy or distal 
pancreatectomy can be performed. Total pancreatectomy with autologous islet cell 
transplantation has been tried with success. 
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Pancreatic Adenocarcinoma 


Pancreatic adenocarcinoma is an uncommon but deadly malignancy. Each year in the United 
States approximately 30,000 new cases are diagnosed and an equal number of affected patients 
die of the disease. 


Age is the greatest risk factor associated with pancreatic cancer; the incidence rises with each 
decade after age 50 years. Tobacco smoking is the one clear risk factor. Chronic pancreatitis, 
which causes continued inflammation of the gland, increases the risk for pancreatic cancer 
tenfold. Hereditary pancreatitis, which affects the cationic trypsinogen gene, can increase the risk 
of pancreatic cancer by as much as 70- to 100-fold, with cancer presenting at an earlier age. 
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Clinical Presentation 


The most common symptom of pancreatic cancer is constant epigastric pain that radiates to the 
back; the pain is secondary to ductal obstruction and perineural invasion. Patients with tumors of 


the body and tail of the gland usually present with pain because these tumors tend to be large 
when detected. The most common location of pancreatic cancers is in the head of the gland; 
these tumors are often accompanied by painless jaundice caused by obstruction of the common 
bile duct. Cachexia and weight loss of at least 10% of body weight are present in more than half 
of patients at diagnosis. New-onset diabetes mellitus may predate the diagnosis of pancreatic 
cancer by a few months, and acute pancreatitis due to pancreatic duct obstruction may be the first 
sign of pancreatic carcinoma. 


Physical examination often shows weight loss, jaundice, abdominal tenderness, occasionally a 
nontender palpable gallbladder (Courvoisier sign) in a jaundiced patient, and, rarely, Trousseau 
syndrome of migrating thrombophlebitis. 
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Diagnosis 


Laboratory findings in pancreatic cancer include elevation of liver enzymes in a cholestatic 
pattern if the tumor obstructs the bile duct and mild elevations of serum amylase and lipase 
concentrations. Serum concentration of cancer-associated antigen 19-9 (CA 19-9) increases with 
pancreatic cancer, particularly in unresectable tumors, but the test has a low sensitivity and 
specificity and cannot be used as a screening or diagnostic tool. 


A pancreatic protocol contrast-enhanced spiral CT scan is the most important diagnostic and 
staging tool for pancreatic cancer, with a sensitivity of greater than 90% (Figure 15). Endoscopic 
ultrasonography is as accurate as CT scan for detecting tumors and may be more sensitive for 
tumors smaller than 2 cm in diameter. In addition, endoscopic ultrasonography when combined 
with CT scanning may aid in nodal and vascular staging to determine whether a tumor is 
surgically resectable. Endoscopic ultrasonography with fine-needle aspiration biopsy can provide 
specimens for histologic evaluation. ERCP is also very sensitive for detecting pancreatic cancer 
but because of its invasiveness is rarely used for diagnosis; the procedure is used primarily for 
therapeutic purposes such as placing a stent in the bile duct for the treatment of obstructive 
jaundice. 


Figure 15. CT scan of adenocarcinoma of the pancreas. 


Large pancreatic head adenocarcinoma seen on CT scan. 


Treatment 


Surgery for pancreatic adenocarcinoma can be curative or palliative. Evidence of distant 
metastases or invasion of the tumor into the large local vessels makes the disease unresectable; 
approximately 80% to 85% of patients have unresectable disease at diagnosis. Cancer stage 

( ) is determined with a combination of spiral CT, endoscopic ultrasonography, and 
sometimes laparoscopy. 


If the disease is determined to be potentially resectable and if the patient is a candidate for 
surgery, surgery is the recommended approach. For cancer of the pancreatic head, 
pancreaticoduodenectomy (Whipple procedure) ( ) is the indicated surgical procedure; 


for cancer of the body or tail of the pancreas, distal pancreatectomy is done. The operative 
mortality rate is 2% to 5% and operative morbidity is approximately 20%. Centers with the 
highest surgical volume have the lowest rate of perioperative complications and the highest 
survival rate. Even with surgical resection, the 5-year survival rate is only 10% to 25%. Adjuvant 
chemoradiotherapy has been shown to improve patient survival after resection. 


Patients with unresectable, locally advanced disease usually survive for 10 months or less; 
patients with metastatic disease for 6 months or less. Chemotherapy is generally administered but 
with only a slight survival benefit. Pain relief with narcotic analgesia or celiac plexus block is 
essential. Biliary obstruction is usually treated with permanent metal stents placed via ERCP; 
duodenal obstruction is a serious complication that can be treated with surgical bypass or 
endoscopic stenting. 


Figure 16. Pancreatoduodenectomy for pancreatic cancer. 


Drawing of anatomy after a pancreaticoduodenectomy or Whipple procedure for the treatment of 
pancreatic head adenocarcinoma. The pancreatic head, distal bile duct, duodenum, and distal 
stomach have been removed. 


Table 16. Staging of Pancreatic Cancer, Treatment, and 
Prognosis 


Stage Findings Treatment Survival 
Localized/resectable No encasement of the celiac axis or Surgical resection, with 10%-25% 
disease SMA; patent SMPV confluence; no adjunctive radiation 5-year 

extrapancreatic disease and chemotherapy survival 
Locally advanced Tumor extension to involve the Radiation and 10 months 
disease celiac axis or SMA, or venous chemotherapy 

occlusion (SMV or SMPV 

confluence); no extrapancreatic 

disease 
Metastatic disease Metastatic disease (typically to liver Chemotherapy 6 months 

and peritoneum and occasionally to 

lung) 


SMA = superior mesenteric artery; SMPV = superior mesenteric-portal vein; SMV = superior 
mesenteric vein. 
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Cystic Neoplasms of the Pancreas 


Cystic neoplasms of the pancreas are rare tumors comprising only 10% of pancreatic cysts and 
1% of pancreatic cancers. However, with the increased use of CT and MRI imaging, incidental 
pancreatic cysts have been detected in up to 20% of the population. 


If an inflammatory benign pseudocyst can be ruled out, the differential diagnosis of pancreatic 
cystic neoplasms includes the benign serous cystadenomas; the premalignant mucinous 
cystadenomas and frankly malignant mucinous cystadenocarcinoma; and main branch and side 
branch intraductal papillary mucinous neoplasms (Figure 17). 


These neoplasms are often asymptomatic and detected incidentally. Symptoms, when present, 
are usually subtle and vague. The benign cystic lesions are differentiated from the potentially 
malignant lesions by imaging techniques including CT and MRI scanning and endoscopic 


ultrasonography. Cytologic examination of cyst fluid obtained by fine-needle aspiration as well 
as analysis for amylase and tumor markers, such as carcinoembryonic antigen, can aid in 
detecting malignant lesions ( ). Treatment of benign lesions consists of observation and 
follow-up; suspected premalignant and malignant lesions are surgically resected. 
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Figure 17. Magnetic resonance cholangiopancreatography 
showing an intraductal papillary mucinous neoplasm. 


MRCP image of a main branch intraductal papillary mucinous neoplasm demonstrating a 
massively dilated main pancreatic duct filled with mucin. 


Table 17. Cyst Fluid Analysis of Pancreatic Cystic Lesions 


Cyst Lesion Amylase Carcinoembryonic Antigen 
Pseudocyst High Low 
Serous cystadenoma Variable Low 
Mucinous cystadenoma Variable High 
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Pancreatic Neuroendocrine Tumors 


Pancreatic neuroendocrine tumors are rare neoplasms that can arise in the pancreas and in other 
parts of the gastrointestinal system. The hallmark of pancreatic neuroendocrine tumors is an 
excessive, unregulated hormone secretion that leads to clinical symptoms; however, 15% do not 
secrete hormone and are termed “nonfunctioning” (Table 18). 


The most common example of a functioning pancreatic neuroendocrine tumor is the gastrinoma. 
Gastrinomas are tumors that secrete an excess and unregulated amount of gastrin that in turn 
stimulates the parietal cells that lead to excess acid production. The acid leads to peptic ulcer 
formation and watery diarrhea with the clinical syndrome termed the Zollinger-Ellison 
syndrome. The diagnosis is made by identification of an elevated gastrin level with serum gastrin 
of greater than 1000 pg/mL (1000 ng/L) being essentially diagnostic of a gastrinoma. If the 
diagnosis is equivocal based on serum gastrin levels, the secretin stimulation test and gastric acid 
secretion test can be used. 


After diagnosis and control of the hormonal effects of neuroendocrine tumors, the tumor must be 
accurately localized in the pancreas and the patient evaluated for metastatic disease. Pancreatic 
neuroendocrine tumors can be difficult to detect with CT and MRI imaging. Many pancreatic 
neuroendocrine tumors have receptors for somatostatin, and somatostatin receptor scintigraphy is 
the preferred first test in identifying both the primary pancreatic tumor and metastases in 
neuroendocrine tumors with the exception of insulinomas, which are rarely malignant. 
Endoscopic ultrasonography is highly sensitive for localizing the tumor in the pancreas and may 
be used as a complementary test to somatostatin receptor scintigraphy (Figure 18). 


With the exception of insulinomas, tumors limited to the pancreas with no evidence of 
metastases should be surgically resected because of the high rate of malignancy. The primary 
determinant of survival is liver metastases; the 10-year survival rate in patients with no liver 
metastases is >90%; survival rate is 16% to 78% in patients with liver metastases. Metastatic 
disease is treated with chemotherapy, hepatic artery embolization, or radiolabeled somatostatin 
analogues (octreotide and lanreotide) with only limited to moderate success. 


Figure 18. Endoscopic ultrasonography localization of a 
pancreatic neuroendocrine tumor. 


The image shows a round isoechoic to hypoechoic pancreatic tail neuroendocrine tumor. 


Table 18. Features of Common Pancreatic Neuroendocrine 
Tumors 


Tumor Type Hormone Symptoms Malignancy 


Rate 
Gastrinoma Gastrin Ulcers, diarrhea, gastroesophageal reflux 60%-90% 
disease 
Insulinoma Insulin Hypoglycemia <10% 
VIPoma Vasoactive Diarrhea, dehydration, peptide hypokalemia 40%-70% 
intestinal 

Glucagonoma Glucagon Dermatitis, diabetes 50%-80% 
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Disorders of the Intestines 


e Diarrhea 

e Fat Malabsorption 

e Inflammatory Bowel Disease 
e Dysmotility Syndromes 

e Irritable Bowel Syndrome 

e Colonic Diverticular Diseases 
e Intestinal Ischemic Disease 


Key Points 


e Acute diarrhea lasts less than 2 weeks; chronic diarrhea lasts longer than 4 weeks. 

e Hydration is critical in a patient with severe diarrhea. 

e Diagnostic evaluation is appropriate in diarrhea that is not self-limited and does not 
respond to empiric therapy. 

e Patients with chronic diarrhea with an oily residue in their stool should be evaluated for 
fat malabsorption. 

e Celiac disease is associated with other autoimmune diseases such as type | diabetes 
mellitus. 

e A response to an empiric course of antibiotics is often the best test for small-intestine 
bacterial overgrowth. 

e Patients with less than 200 cm of functioning small intestine should be carefully 
monitored for short- bowel syndrome. 

e The diarrhea associated with pancreatic insufficiency often responds to supplementation 
with pancreatic lipase enzymes. 

e 5-Aminosalicylates (5S-ASAs) are the mainstay of therapy for mild to moderate ulcerative 
colitis; when 5-ASAs are not effective, corticosteroids may need to be used as short-term 
induction therapy. 

e Microscopic colitis typically manifests with loose, watery diarrhea and is most commonly 
seen in middle-aged or elderly women. 

e Treatment for mild microscopic colitis is supportive, but budesonide is the most effective 
treatment in more severe cases. 

e Chronic constipation is more prevalent in women than in men; most cases are idiopathic, 
but causes include medications and metabolic, neurologic, and collagen-vascular 
disorders. 

e Alarm features in patients with functional constipation include rectal bleeding or occult 
blood-positive stool, weight loss, a family history of colon cancer or inflammatory bowel 
disease, anemia, and acute onset in an older person; patients without alarm features do 
not need extensive evaluation. 

e Treatment of chronic constipation includes fiber supplementation and osmotic and 
stimulant laxatives; biofeedback training may be used for patients with dyssynergia. 

e Ileus most commonly occurs after abdominal surgery but can also be associated with 
metabolic disturbances, medications, inflammatory conditions, sepsis, and neurologic 
injury. 


e Chronic idiopathic pseudo-obstruction, a motility disorder that mimics intestinal 
obstruction, may be secondary to paraneoplastic syndrome or neurologic, smooth muscle, 
or metabolic disorders. 

e Altered motility secondary to autonomic dysfunction in diabetes mellitus is common, 
especially after prolonged disease and in association with other diabetic complications. 

e Irritable bowel syndrome is a functional bowel disorder that most commonly affects 
women aged 20 to 40 years. 

e Possible mechanisms of irritable bowel syndrome include abnormal gastrointestinal 
motility, visceral afferent hypersensitivity, and altered activation of the mucosal immune 
system. 

e Irritable bowel syndrome is a clinical diagnosis based on the Rome III criteria; in the 
absence of alarm features, extensive diagnostic evaluation is unnecessary. 

e There are four subtypes of irritable bowel syndrome: constipation-predominant, diarrhea- 
predominant, mixed, and unsubtyped. 

e Treatment of irritable bowel syndrome is targeted at the predominant symptoms and 
includes fiber, laxatives, antidiarrheal and antispasmodic agents, and antidepressants. 

e Diverticulosis is a common finding in elderly persons in the West; a lack of dietary fiber 
may be a factor in the pathogenesis. 

e Diverticulitis and diverticular bleeding are the major complications of diverticulosis and 
are seen in less than a quarter of patients. 

e Diverticulitis presents most commonly with left lower quadrant pain, fever, and an 
elevated leukocyte count; diagnosis is generally made on clinical and CT findings; 
colonoscopy should be avoided in the acute setting. 

e Diverticulitis is treated with antibiotics; complications include abscess, fistula, and 
obstruction, which may require surgical intervention. 

e Acute mesenteric ischemia is a life-threatening condition that typically occurs in older 
patients with cardiovascular and peripheral vascular disease. 

e A high suspicion is the key to early diagnosis of acute mesenteric ischemia, which is 
essential to reduce morbidity and mortality. The diagnosis is usually made by 
radiographic and traditional angiography. 

e Treatment for acute mesenteric ischemia includes surgery, vasodilator therapy, and in 
patients with mesenteric venous thrombosis and a hypercoagulable state, anticoagulation. 

e Chronic mesenteric ischemia occurs in the setting of significant atherosclerotic disease in 
which usually two or three splanchnic vessels are occluded; a history of postprandial 
abdominal pain and weight loss are essential features of the diagnosis. 

e Colonic ischemia usually occurs in older patients with cardiovascular disease and in 
younger patients who are long-distance runners; diagnosis is made by colonoscopy and 
histology; treatment is supportive. 
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Diarrhea 


Diarrhea may be defined in terms of the frequency of defecation or the consistency, volume, or 
weight of the stool. Traditionally, a stool weight greater than 200 g/d is regarded as diarrhea; 


however, most patients associate an increase of the frequency of defecation to more than three 
times a day with a loose or liquid consistency to be the defining characteristic of diarrhea. 


There are four types of diarrhea defined by mechanism: osmotic diarrhea is caused by the 
presence of large amounts of poorly absorbed solutes within the lumen of the gut; secretory 
diarrhea is caused by abnormal ion transport and subsequent water secretion; exudative or 
inflammatory diarrhea is caused by a disruption in the mucosal barrier secondary to infection or 
idiopathic inflammation; and motility-related diarrhea. 
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Duration, Severity, and Characteristics 


Diarrhea can also be defined as acute and chronic. Acute diarrhea lasts no longer than 2 weeks 
and is usually secondary to infection (see MKSAP 15 Infectious Disease). Chronic diarrhea lasts 
longer than 4 weeks and usually has a noninfectious cause (Table 19); infectious causes of 
chronic diarrhea include Clostridium difficile and Giardia infection. Various medications may 
also cause chronic diarrhea (Table 20). 


Small-bowel diarrhea is usually associated with large-volume stool and three to four bowel 
movements per day; large-bowel diarrhea is usually small-volume but consists of eight to ten 
bowel movements per day and may be associated with tenesmus if the rectosigmoid area is 
inflamed. In patients with chronic diarrhea, severe and unremitting abdominal pain is often 
indicative of an inflammatory destruction of the mucosa. If the pain is located in the right lower 
quadrant, terminal ileal Crohn disease should be considered. Inflammatory bowel disease may 
also be associated with extraintestinal manifestations, such as arthralgias or uveitis. Other 
disorders that cause chronic diarrhea have associated dermatologic manifestations; for example, 
inflammatory bowel disease is associated with erythema nodosum (Figure 19) or pyoderma 
gangrenosum (Figure 20), and celiac disease is associated with dermatitis herpetiformis (Figure 
21). Weight loss is an important indicator of chronicity and severity but may be secondary to 
malabsorption, dehydration, or inadequate caloric intake. 


Enteroinvasive processes (such as infection with Escherichia coli serotype O157:H7) are 
associated with a loss of an intact mucosa and commonly present with hematochezia. 
Malabsorptive processes are associated with steatorrhea (oily residue or globs of mucus) or 
passage of undigested food. 


Figure 19. Erythema nodosum. 


Figure 20. Pyoderma gangrenosum. 


Figure 21. Dermatitis herpetiformis. 


Table 19. Causes of Noninfectious Diarrhea 


Disorder 
Ischemia 


Inflammatory Bowel 
Disease 


Ulcerative Colitis 
Crohn Disease 


Microscopic Colitis 


Irritable Bowel 
Syndrome (diarrhea- 


Diagnosis Clues or Risk Factors 
Colon or small-bowel imaging and Vascular disease, history of 
biopsies hematochezia, pain 
Colon imaging and biopsies Bloody diarrhea, tenesmus 
Small-bowel imaging, ileocolonoscopy Weight loss, anemia, 
hypoalbuminemia 
Biopsies of colonic mucosa Secretory diarrhea pattern; 


includes collagenous colitis, 
lymphocytic colitis 
History (bloating, abdominal Increased mucus in stool in 
discomfort relieved by a bowel ~50% of patients; no weight 


predominant) 
Celiac Sprue 
Whipple Disease 


Carbohydrate 
Intolerance 


movement) 

Serologic studies (anti-tissue 
transglutaminase antibodies), small 
bowel biopsy 

Polymerase chain reaction, small- 
bowel biopsy 

Dietary exclusion, breath hydrogen 
test 


Pancreatic Insufficiency Tests for excess fecal fat and 


Small-Bowel Bacterial 
Overgrowth 


Eosinophilic Enteritis 


Common Variable 
Immunodeficiency 


Iatrogenic Disorders 
e Medications 
e Enteral Feedings 


Bile Acid 
Malabsorption 


Bile Acid Deficiency 


Radiation Exposure 


pancreatic calcifications, pancreatic 
function tests (secretin stimulation 
test) 


Response to empiric antibiotics, 
duodenal aspirate 


Small-bowel biopsy (often full- 
thickness biopsy) 


Tests for hypogammaglobulinemia 
(multiple subclasses) 


History 
History 


Diagnosis of exclusion, empiric 
response to cholestyramine 


loss or alarm features 


Dermatitis herpetiformis, iron 
deficiency anemia 


Arthralgias, neurologic or 
ophthalmologic symptoms 
Excess lactose—use of artificial 
sweeteners (sorbitol, mannitol), 
or fructose 

Chronic pancreatitis, 
hyperglycemia, history of 
pancreatic resection 


Diabetes mellitus, intestinal 
dysmotility (e.g., systemic 
sclerosis, jejunal diverticula) 
Eosinophilia, hypoalbuminemia 


Pulmonary diseases, recurrent 
Giardia infection 


See Table 20 
Classic osmotic diarrhea 


History of resection of <100 cm 
of distal small bowel 


Diagnosis of exclusion, tests for excess Cholestasis, history of resection 


fecal fat 


History, small-bowel and/or colon 
imaging 


of >100 cm of small bowel 


May begin years after exposure, 
strictures or hypervascular 
mucosa with characteristic 
biopsy findings 


Table 20. Medications Commonly Associated with Diarrhea 


Acarbose 


Antibiotics (especially penicillins, macrolides) 


Antineoplastic agents 
Colchicine 
Digoxin 


Herbal and alternative medicines 


Laxatives 


Magnesium-based antacids, cathartics 
Metformin 

Misoprostol 

NSAIDs 

Proton pump inhibitors 

Quinidine 
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Management 


Most episodes of diarrhea are self-limited, and the patient requires no therapy or diagnostic 
evaluation. However, if the patient is dehydrated from the diarrhea, intravenous fluids or oral 
rehydration solutions are required. In the setting of gastroenteritis, many patients become 
relatively lactose-intolerant. Empiric antibiotic therapy is often appropriate for acute traveler“s 
diarrhea. Antidiarrheal agents such as loperamide or diphenoxylate/atropine may be used for 
symptomatic relief in this acute setting. If the diarrhea persists after such interventions, further 
evaluation is required. 


Various diagnostic studies are used to determine the cause of noninfectious diarrheal disease 
(Table 21). Qualitative and quantitative fecal fat studies are sensitive noninvasive tests for fat 
malabsorption. However, it is important for the patient to be consuming a significant amount of 
fat (>100 g/d) at the time of the test for the result to be reliable. 


Testing for fecal leukocytes rarely adds to the diagnosis of the cause of diarrhea. Measurement of 
the biomarkers fecal lactoferrin and calprotectin (proteins in the granules of neutrophils) is more 
sensitive than the fecal leukocyte test for detecting an inflammatory process or malignancy; 
however, these tests are not widely available. Flexible sigmoidoscopy and colonoscopy can help 
evaluate for infection; biopsies can detect pseudomembranes (present in Clostridium difficile 
infection) or viral inclusions (in cytomegalovirus infection). 


Stool electrolytes (sodium and potassium) can be measured in liquid stool to calculate the fecal 
osmotic gap, which helps to differentiate osmotic from secretory diarrhea: the gap is calculated 
as 290 - 2 x [Na + K]; an osmotic gap <50 mosm/kg (50 mmol/kg) is consistent with secretory 
diarrhea; a gap greater than 125 mosm/kg (125 mmol/kg) suggests an osmotic diarrhea. Stool 
osmolarity less than 250 mosm/kg (250 mmol/kg) suggests factitious diarrhea associated with 
chronic laxative abuse. More commonly, however, a restriction of oral intake with concomitant 
diminution of diarrhea suggests an osmotic or malabsorptive cause. Persistent diarrhea despite no 
oral intake may imply a secretory cause. 


Various neuropeptide are associated with secretory diarrhea secondary to a neuroendocrine 
disorder (for example, multiple endocrine neoplasia types 1 and 2). Assays for these 
neuropeptides should be considered in patients with an undiagnosed persistent secretory diarrhea 
and associated clinical findings. 


Table 21. Diagnostic Studies for Noninfectious Diarrhea 


Diagnostic Test Indications Interpretation/Usefulness 
Stool Studies 
Qualitative fecal fat Fat malabsorption When properly performed, detects >90% of 
(Sudan stain) significant steatorrhea; low dietary fat consumption 


leads to false-negative results, and dietary Olestra® 
causes false-positive results. 


Quantitative fecal fat Fat malabsorption Gold standard; patient must be on high-fat diet 

(48- or 72-hour) (>100 g/d); normal fecal fat value is <6 g/24 h, 
although most high-volume diarrheas result in mild 
elevations regardless of cause; values >10—24 9/24 h 
indicate fat malabsorption. 


Fecal leukocytes or Inflammation Limited usefulness because of variable sensitivity 

lactoferrin, and specificity. 

calprotectin 

Stool osmolarity Verification of Normal is 280-300 mosm/kg (280-300 mmol/kg); a 
diarrhea value of <250 mosm/kg (250 mmol/kg) is suggestive 


of factitious diarrhea (e.g., addition of water or 
hypotonic urine to stool sample). 


Stool electrolytes Differentiation of | Osmotic gap >125 mosm/kg (125 mmol/kg) 
(sodium, potassium) secretory from suggests osmotic diarrhea; osmotic gap <50 
osmotic diarrhea mosm/kg (50 mmol/kg) suggests secretory diarrhea. 
Stool magnesium Factitious or >15 mmol/d (30 ug/d) or spot sample >45 umol/L 
iatrogenic diarrhea (90 meq/L) is abnormal; use of antacids is a 
common source. 


Stool pH Osmotic diarrhea pH <6.0 suggests carbohydrate malabsorption. 
Other Tests 

Serum antitissue Celiac sprue Most reliable screening test for celiac sprue; 

transglutaminase diagnosis must be confirmed by small-bowel 

(anti-tTG) antibody biopsies. 

assay 

Antiendomysial Celiac sprue More labor intensive, more expensive than anti-tTG 

antibody assay antibody assay; positive result requires small-bowel 
biopsy for confirmation. 

Antigliadin antibody Celiac sprue Useful in following dietary response to gluten 

assay withdrawal; less useful in diagnosis except for serum 
IgG in IgA deficiency. 

Breath hydrogen test Carbohydrate Increased hydrogen excretion after carbohydrate 

malabsorption challenge; often replaced by an empiric trial of 


dietary exclusion. 


D-Xylose test Carbohydrate Decreased excretion of this orally administered 
malabsorption agent indicates malabsorption; limited usefulness; 


Schilling test 


Small-bowel biopsy 


Duodenal aspirates 


Secretin stimulation 
test 


Neuropeptide assays* 


Radiographic small- 
bowel follow-through 


Colonoscopy with 
biopsies 


Malabsorption 


Malabsorption, 
inflammation 


Small-bowel 
bacterial 
overgrowth 


Pancreatic 
insufficiency 


Neuroendocrine 
tumors 


Inflammation, 
overgrowth 


Inflammation, 
secretory diarrhea 


mostly replaced by more specific testing. 


Limited usefulness; mostly replaced by more 
specific testing. 

Loss of villi (e.g., celiac disease) - inflammatory 
infiltrates (diastase resistance indicates Whipple 
disease, mast cells indicate mastocytosis). 


Quantitative bacterial culture >10° is positive; mixed 
flora typically found; often replaced by empiric 
treatment. 


Gold standard for pancreatic exocrine failure; 
limited availability; often replaced by empiric trial 
of pancreatic enzyme replacement therapy. 


Useful if persistent diarrhea >1 L/24 hr is present 
despite fasting and other indications of possible 
tumor (hypokalemia, mass, skin findings, etc.) are 
present. 

Presence of strictures, ulcers, fistulas suggests Crohn 
disease; diverticulosis predisposes to small-bowel 
bacterial overgrowth. 

Diagnostic for ulcerative colitis, microscopic colitis, 
strictures, radiation enteropathy. 


“Gastrin, vasoactive intestinal peptide, glucagon, somatostatin, pancreatic peptide, neurotensin, 
substance P, calcitonin, motilin, urine 5-hydroxyindoleacetic acid. 
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Fat Malabsorption 


Patients with chronic diarrhea and an oily residue in their stool should be evaluated for the 
various causes of fat malabsorption (Table 22), which is caused by disruption of any of the 
various stages of fat assimilation. Qualitative and quantitative fecal fat studies are useful in 
diagnosing fat malabsorption and steatorrhea. Some of the most common diseases that cause fat 
malabsorption are celiac disease, small-intestine bacterial overgrowth, short-bowel syndrome, 
and pancreatic insufficiency. 


Table 22. Causes of Fat Malabsorption 


Type 


Cause 


Exocrine Pancreatic Insufficiency Chronic pancreatitis 


Pancreatic resection 


Cystic fibrosis 
Bile Salt Deficiency Malabsorption 


Impaired synthesis-cholestatic liver disease 


Bacterial deconjugation 
Mucosal Small-Intestine Disease Celiac sprue 


Whipple disease 
Crohn disease 
Eosinophilic enteritis 


Mastocytosis 
Surgical Short bowel syndrome 


Gastric bypass surgery 
Small Intestinal Parasites Giardia 


Isospora 
Cryptosporidium 
Cyclospora 


Strongyloides 
Impaired Lymphatic Drainage | Lymphangiectasia 


Lymphoma 
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Celiac Disease 


Celiac disease (also called celiac sprue, nontropical sprue, and gluten-sensitive enteropathy) was 
formerly considered to be a rare childhood disease but now is considered to be somewhat 
prevalent, with estimates of 1 in 133 to 1 in 250 persons. The disorder occurs in genetically 
predisposed persons with haplotype HLA-DQ2 or HLA-DQ8 and is triggered by ingestion of 
gluten, a composite of the proteins gliadin and glutenin that is present in wheat, rye, and barley. 
These haplotypes are present in 30% of the general population but in virtually all patients with 
celiac disease. 


The clinical presentation of patients with celiac disease includes severe diarrhea, malabsorption, 
and malnutrition. Laboratory evaluation often shows asymptomatic liver chemistry 
abnormalities. Celiac disease is associated with various other disorders. Iron deficiency anemia, 
osteoporosis, and coagulopathy are direct results of disease-related malabsorption. As many as 
10% of patients with type 1 diabetes mellitus and autoimmune thyroiditis have celiac disease. 
There is a 33-fold increase in rare lymphomas of the gut (enteropathy-associated T-cell 
lymphoma) as well as an increased risk for non-Hodgkin lymphoma at any site. Other associated 
conditions include ataxia, peripheral neuropathy, and epilepsy. 


The inflammatory injury to the small intestine in celiac disease results from a T-cell-mediated 
immune response. The gold standard for diagnosis is biopsy from the duodenum, with the biopsy 
specimen showing intraepithelial lymphocytes, crypt hyperplasia, and partial to total villous 


atrophy (Figure 22). 


Celiac disease is associated with circulating antibodies to various substances, and serologic 
testing is used to screen for the disorder (Figure 23). The serologic tests for antitissue 
transglutaminase IgA antibodies and antiendomysial IgA antibodies both have a sensitivity 
greater than 90% and a specificity greater than 95%. The IgG antibody assays have a specificity 
greater than 95%, but their sensitivity of <40% makes them less useful as screening tests. 
Measurement of antigliadin IgA and IgG antibodies has a sensitivity and specificity of 
approximately 80%. Therefore, the recommended serologic test is measurement of IgA 
antibodies to antitissue transglutaminase. However, 2% to 3% of patients with celiac disease 
have IgA deficiency, and, therefore, this test may give a false-negative result in such patients. In 
patients with a low serum IgA, the IgG antitissue transglutaminase antibody should be measured. 
False-negative results may also occur in patients with mild disease or in patients adhering to a 
gluten-free diet before diagnosis. 


The only treatment for celiac disease is lifelong adherence to a gluten-free diet. Common grain 
substitutes for gluten include rice flour, cornstarch, quinoa, tapioca flour, and potato starch. 
Monitoring disease remission with both symptomatic relief and serial antibody testing is 
recommended; a disease in remission is characterized by symptomatic improvement, resolution 
of histologic changes, and normalization of serologic abnormalities. Recently, video capsule 
endoscopy has proved to be useful in evaluating patients with disease refractory to a gluten-free 
diet to determine whether there is evidence of distal abnormal mucosa. Rarely, 
immunosuppressive agents such as corticosteroids or tacrolimus have been used to treat 
refractory celiac disease. However, sources of unintentional gluten exposure should be identified 
because noncompliance is the most frequent cause of refractory disease. 


Figure 22. Mucosal lesion in celiac sprue. 


Biopsy specimen showing loss of the villous architecture and crypt hyperplasia and increased 
inflammatory infiltration of the lamina propria. 
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Figure 23. Diagnostic approach to celiac sprue. 
TG2 = antitissue transglutaminase. 


Reproduced with permission from Alaedini A, Green PHR. Narrative review: celiac disease: 
understanding a complex autoimmune disorder. Ann Intern Med. 2005;142:289-298. [PMID: 
15710962] Copyright 2005, American College of Physicians. 
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Small-Intestine Bacterial Overgrowth 


Small-intestine bacterial overgrowth is characterized by malabsorption of nutrients due to an 
excessive number of colonic bacteria in the small intestine. Symptoms include flatulence, 
bloating, and constipation. The disorder can be especially problematic in the elderly, who may 
have hypochlorhydria or impaired intestinal motility leading to failed bacterial clearance. Risk 
factors for bacterial overgrowth are shown in Table 23. A common sign is a low serum vitamin 
B,2 concentration associated with vitamin malabsorption with an elevated folate concentration 
secondary to bacterial production in a patient with megaloblastic anemia. 


Because excessive bacterial growth in the upper intestine leads to premature metabolism of food, 
there is an excess of sugar fermentation and a reduction of calories reaching the distal intestines. 
Therefore, testing with a lactose or lactulose challenge can identify patients with overactive 
bacterial flora. An empiric trial of antibiotics may be necessary to corroborate the diagnosis and 
begin therapy. Common treatments include tetracycline, amoxicillin-clavulanic acid, or rifaximin 
for 10 to 14 days. 


Diarrhea, bloating, or flatulence may recur after antibiotic therapy, and some patients may 
require a prolonged course, a rotating series of antibiotics, or a scheduled period of intermittent 


therapy. Such patients should adhere to a low-carbohydrate, high-fat diet to minimize substrate 
for the bacteria. 


Table 23. Risk Factors for Bacterial Overgrowth 


Hypochlorhydria 
Postoperative 
Gastric atrophy 


Medication-induced (H2-receptor antagonists, proton pump inhibitors) 
Intestinal dysmotility syndromes 


Diabetes mellitus 


Systemic sclerosis 
Persistent small intestinal dilatation 


Secondary to strictures 
Small intestinal diverticulosis 
Surgically created blind loops of intestine 


Afferent loop dysfunction post-gastrojejunostomy 
Surgically absent ileocecal valve 
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Short-Bowel Syndrome 


The short-bowel syndrome is a malabsorptive state that usually occurs secondary to small-bowel 
resection; it is defined in adults as residual small intestine less than 200 cm. It may also result 
from such congenital conditions as jejunal or ileal atresia. The degree of nutrient, electrolyte, and 
fluid absorption is related to the amount of residual intestine after resection. Patients at the 
highest risk for dehydration, chronic liver disease, and protein calorie malabsorption are those 
with a jejunocolic or ileocolic anastomosis and less than 60 cm of residual small intestine or end 
jejunostomy with less than 115 cm of residual small intestine. The remaining intestine adapts to 
facilitate more efficient absorption that allows for an enteral feeding regimen. The most 
important aspect of providing nutritional support is to prevent energy malnutrition and specific 
vitamin and nutrient deficiencies. Initial or intermittent parenteral nutrition is often required, and 
patients with a shorter intestine require ongoing parenteral nutrition. 


Certain dietary restrictions are required in patients with the syndrome. Oxalate in the diet 
normally binds to calcium and is excreted in the stool; in patients with significant fat 
malabsorption, dietary calcium binds to free fatty acids and the oxalate passes into the colon 
where it is absorbed and renally filtered before being bound to calcium. The resultant 
hyperoxaluria can lead to nephrolithiasis; therefore, a low-oxalate diet is recommended. 


Intestinal transplantation is an option for patients requiring lifelong parenteral nutrition and those 
with serious complications of their disease. 
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Pancreatic Insufficiency 


The pancreas normally secretes 600 to 1200 mL daily, consisting primarily of pancreatic 
enzymes, bicarbonate, and water. Fluid and bicarbonate are stimulated by secretin; however the 
pancreatic acinar cells are likely regulated by gastrin-releasing peptide and the cholinergic 
nervous system. Pancreatic function of 10% to 20% is required to produce requisite proteolytic 
enzymes for normal digestion (for example, trypsin, chymotrypsin, and elastase). Patients with 
impaired pancreatic function typically present with diarrhea and other symptoms of fat 
malabsorption and have steatorrhea, with a fecal fat concentration of greater than 8 to 10 g/24 
hours (8-10 g/d). Resolution of the diarrhea after an empiric trial of enzyme supplementation is 
often the confirmatory test for pancreatic insufficiency. A secretin stimulation test or endoscopic 
ultrasonography may rarely be needed to assess pancreatic exocrine function. 


Acute pancreatitis can sometimes lead to exocrine dysfunction. However, patients with chronic 
pancreatitis, as evidenced by calcification on radiologic imaging or endoscopic ultrasonography, 
more commonly have pancreatic insufficiency. Cystic fibrosis is also associated with exocrine 
dysfunction, and testing for the CFTR gene mutation is recommended in patients with idiopathic 


pancreatic insufficiency; however, not all mutations are screened for in the commercially 
available assays. 


Reducing fat intake to less than 20 g/d may be adequate for some of these patients. However, 
they often require pancreatic lipase supplementation, 30,000 to 50,000 units per meal, with 
titration for an individual patient. Supplementation can also be given with snacks, with an 
accordingly reduced dose. 
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Inflammatory Bowel Disease 


Inflammatory bowel disease is an idiopathic chronic inflammatory disease of the gastrointestinal 
tract that consists of two distinct clinical entities: ulcerative colitis and Crohn disease (also 
known as regional enteritis). The pathogenesis of the disease is not fully understood but likely 
involves a genetic predisposition and a dysregulated immunologic response to the local 
microenvironment of luminal bacteria. 


Ulcerative colitis and Crohn disease are usually differentiated on the basis of differences in the 
distribution of pathology in the bowel and histopathologic appearance of the lesion. However, 
these diseases are more likely an immunoinflammatory spectrum of chronic and recurring 
diseases of the intestines. As many as 10% of patients cannot be shown to have either Crohn 
disease or ulcerative colitis and are considered to have indeterminate colitis. 
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Risk Factors for Inflammatory Bowel Disease 


The peak incidence of these diseases is in the second, third, and fourth decades of life, with a 
second peak in the seventh and eighth decades. There are no sex differences, but patients of 
Ashkenazi Jewish descent have a higher risk. There is a 5% to 10% risk for first-degree relatives 
of affected patients. Many candidate genes have been proposed. There has been an established 
link between Crohn disease and variants of the CARD/5 (also known as NOD2) gene, but this 
gene plays a role in only some patients with Crohn disease and does not affect the risk for colitis. 
Recently, the interleukin-23 (IL-23) receptor gene has been shown to have a much larger effect 
on the risk for both Crohn disease and colitis. IL-23 holds particular promise, as studies of the 
monoclonal antibody against the p40 subunit have demonstrated benefit in the treatment of 
Crohn disease. 
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Clinical Manifestations of Inflammatory Bowel Disease 


Patients with ulcerative colitis generally present with bloody diarrhea with rectal urgency, 
discomfort, and cramps. They have profound tenesmus (feelings of urgency and incomplete 
evacuation), which is secondary to proctitis. This inflammation of the rectum can cause 
constipation to be a more common manifestation than diarrhea; in such patients, determining the 
activity of the disease and treating it can be challenging. Ulcerative colitis extends proximally 
from the anal verge and can progress to pancolitis involving the cecum. Fever is infrequent, but 
weight loss secondary to the inflammatory disease itself or to the chronic diarrhea is common. 
Physical examination findings can range from mild lower abdominal tenderness to abdominal 
distention with rebound tenderness and hypoactive bowel sounds, suggestive of toxic megacolon. 


Crohn disease is more protean in its manifestations than ulcerative colitis, as the disease can 
affect any portion of the gastrointestinal tract and frequently has so-called “skip lesions” with 
areas of normal mucosa juxtaposed with severe inflammation. The transmural nature of the 
disease results in three distinct manifestations: inflammatory, fistulizing, and fibrostenotic. 


In Crohn disease, large-volume diarrhea can occur; diarrhea is associated with both small- and 
large-bowel Crohn disease, whereas hematochezia is almost always a sign of colonic disease. 
The inflamed tissue causes a secretory diarrhea and a protein-losing enteropathy, steatorrhea 
from fat malabsorption (with patients who have ileal or ilealocolic disease frequently being 
vitamin Bj- and vitamin D-deficient), and other types of malabsorption. Patients who have had 
their terminal ileum resected are also at risk for a choleretic diarrhea secondary to bile salt 
wasting. 


Fistulae are abnormal connections between the bowel and adjacent organs. Abscesses may form, 
and the fistula acts as a natural drainage mechanism, causing pus to emerge from the fistulae. 
The fistulae become symptomatic with drainage of fecal material around the anus (perianal 
fistulae), seepage of bowel contents through the skin (enterocutaneous fistulae), passage of feces 
through the vagina (rectovaginal fistulae), and pneumaturia or recurrent urinary tract infections 
(enterovesical fistulae). The intestinal inflammation may extend to adjacent musculature and 
result in neuromuscular sequelae; for example, a patient with Crohn disease and a new limp 
likely has a psoas muscle abscess. 


Patients with intestinal strictures present with signs of obstruction: fever, abdominal distention, 
pain, nausea, and vomiting. Strictures may be secondary to severe inflammation or to fibrosis of 
the bowel and can be relieved only by surgical resection. The most common site of strictures is 
in the terminal ileum where they result in partial or complete small-bowel obstruction. However, 
patients with duodenal Crohn disease may develop gastric outlet obstruction. 


In patients with ileal disease, the abdominal examination commonly shows right lower quadrant 
tenderness; a phlegmonous mass may be present. A detailed anorectal examination is important 
in patients with suspected Crohn disease: the presence of skin tags suggests the diagnosis, and 
the examination may also show fistulae. 
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Extraintestinal Manifestations 


Extraintestinal manifestations occur in approximately 10% to 20% of patients with inflammatory 
bowel disease at some time in the course of their disease. Arthritis, the most common such 
manifestation, can either be related to the intestinal inflammation itself or be part of an overlap 
syndrome with rheumatoid arthritis. This unexpected relationship is made more interesting in 
that the anti-tumor necrosis factor a protocols for treatment of Crohn disease were initially 
developed for the treatment of rheumatoid arthritis. Sacroiliitis and ankylosing spondylitis, in 
association with HLA B27, occur in 5% to 10% of patients with inflammatory bowel disease. 
Uveitis and episcleritis may also occur. Erythema nodosum, which manifests as small exquisitely 
tender nodules on the anterior tibial surface, occurs more commonly in Crohn disease, whereas 
pyoderma gangrenosum is more common in ulcerative colitis and can range from small lesions to 
large ulcers. Even small amounts of trauma to the skin can activate this inflammatory process. 


Primary sclerosing cholangitis occurs in approximately 5% of patients with ulcerative colitis and 
may occur in Crohn disease as well. The relationship between chronic inflammatory disease of 
the bile ducts and the disease of the intestines is unclear, but up to 80% of patients with primary 
sclerosing cholangitis have underlying inflammatory bowel disease. Affected patients may 
present with only an isolated elevation in serum alkaline phosphatase concentration or with 
jaundice, biliary obstruction, and evidence of portal hypertension. These patients may have 
recurrent episodes of cholangitis as well as a malignant transformation to cholangiocarcinoma. In 
addition, there is a much higher than normal incidence of colorectal cancer in patients with 
inflammatory bowel disease and concurrent primary sclerosing cholangitis. Therapy with 
ursodeoxycholic acid has been shown to be chemoprotective against colon cancer in this setting. 


There is also an increased risk for colon cancer in patients with inflammatory bowel disease; the 
risk is associated with the age of onset of inflammatory bowel disease; duration, extent, and 
severity of disease; and whether the patient has a family history of colorectal cancer. The most 
reliable estimates suggest an annual colorectal cancer rate in extensive colitis of at least 0.5% per 
year after the first decade of colitis. Screening recommendations include colonoscopy every 1 to 
2 years beginning 8 years after diagnosis. Unlike sporadic colorectal cancer that develops 
primarily from colon polyps, inflammatory bowel disease-associated colon cancer can arise from 
flat dysplastic mucosa which is not readily detectable from underlying inflammatory tissue. 


Nearly half of patients with inflammatory bowel disease have osteopenia, with a substantially 
increased risk of osteoporosis and fracture. The risk is present in patients with ulcerative colitis 


and Crohn disease, in both sexes, and in patients who are taking corticosteroids and those who 
have never taken them. 
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Diagnosis 


Inflammatory bowel disease should be considered in any young patient with chronic diarrhea or 
hematochezia. Infection should be excluded by stool culture for ova and parasites, Giardia, and 
Clostridium difficile. Laboratory findings suggestive of inflammatory bowel disease include 
anemia, hypoalbuminemia, leukocytosis, and vitamin deficiencies (more likely in small-intestinal 
Crohn disease than ulcerative colitis). Approximately two thirds of patients with ulcerative 
colitis, but only 15% to 20% of patients with Crohn disease and less than 5% of persons without 
inflammatory bowel disease have p-ANCA, a serum antibody directed against a particular 
histone H1 antigen and detectable by immunofluorescence or specific enzyme immunoassay. By 
contrast, approximately half of patients with Crohn disease have anti-Saccharomyces cerevisiae 
antibodies (ASCA), as opposed to less than 5% of patients with ulcerative colitis and control 
subjects. Therefore, measuring both serum p-ANCA and ASCA is reasonably reliable for the 
diagnosis of Crohn disease or ulcerative colitis. Newer antibody tests, such as those directed 
against the outer membrane porin of Escherichia coli (Omp-C) and against the flagellum of 
pathogenic polyflagellated organisms (Cbir1), are also predictive of Crohn disease. However, 
these tests are most accurate in classic cases of each condition, and the problem of differentiating 
atypical presentations or diagnosing indeterminate colitis remains. 


At presentation, almost half of patients with ulcerative colitis have proctosigmoiditis only; an 
additional 15% to 20% have left-sided disease. Approximately one third of patients present with 
pancolitis. Patients with proctitis generally have a benign course, but 11% develop more 
extensive disease by 5 years and 19% by 10 years. Endoscopic findings range from a decreased 
vascular pattern and minimal friability in patients with mild disease to spontaneous bleeding and 
deep ulcerations in severe disease. Histopathology typically consists of crypt abscesses with 
branching and architecture distortion, as well as acute and chronic inflammation. 


Crohn disease has a different pattern of distribution than ulcerative colitis, with 30% of patients 
having isolated small-bowel disease, 25% colonic disease, and 40% ileocolonic disease. A few 
patients have upper gastrointestinal tract or isolated perianal disease in the absence of colonic 
inflammation. The mildest endoscopic lesions are aphthous ulcers, which can, however, coalesce 
to form deep ulcerations and a cobblestone appearance. Affected areas are commonly separated 
by normal mucosa, the so-called “skip lesions” that are the hallmark of Crohn disease. 
Granulomas are almost pathognomonic of Crohn disease but are rarely seen on endoscopic 
mucosal biopsies. 


Radiographic studies establish the location, extent, and severity of inflammatory bowel disease. 
The plain abdominal radiograph can show a dilated colon and small-bowel obstruction. A 
barium-contrast small-bowel series or enteroclysis (a minimally invasive radiographic procedure 
of the small intestine that requires the introduction of a catheter into the small intestine followed 
by the injection of barium and methylcellulose) provides information about location and amount 
of inflammatory or stricturing small-bowel disease. Separation of loops of bowel, thumbprinting, 
and spiculation (that is, formation of needle-like projections) are all indicators of jejunoileitis. 
CT enterography is the most comprehensive study and highlights the areas of bowel 
inflammation and stricture and can identify abscesses, fistulae, and mesenteritis. Video capsule 
endoscopy provides the most direct evidence of small bowel ulcerations and is approved by the 
FDA to aid in the diagnosis of Crohn disease. This procedure is highly sensitive, and therefore, 
the detection of small lesions can lead to a false-positive diagnosis because up to 15% of normal 


volunteers have been found to have ulcerations in the small bowel. In a patient with possible 
obstruction, a patency capsule, which is a capsule system designed to determine small-bowel 
patency before video capsule endoscopy, should be ingested by the patient. 
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Treatment 


Treatment of inflammatory bowel disease involves drug therapy and in certain cases surgery 
(Table 24). 


Table 24. Medical Therapy for Inflammatory Bowel Disease 


Medication Indication Side Effects/Adverse Events 
5-ASA (sulfasalazine, UC: Interstitial nephritis (rare) 
olsalazine, balsalazide, induction/maintenance 
mesalamine: oral, rectal) Diarrhea (olsalazine) 

CD (weak): 
induction/maintenance 


Antibiotics: Metronidazole, CD: perianal and colonic Metronidazole: peripheral neuropathy, 
Ciprofloxacin disease metallic taste, antabuse effect 


Ciprofloxacin: arthropathy, seizure 


Corticosteroids (oral, UC/CD: induction, not Acne, moon facies, truncal obesity, 
intravenous, rectal) maintenance osteoporosis, osteonecrosis, diabetes, 
hypertension, cataracts, infection 
Budesonide CD (ileal/R colon): Minimal corticosteroid effects 
induction 
Methotrexate CD: Bone marrow suppression, 
induction/maintenance hepatotoxicity, pulmonitis 
6-MP, Azathioprine UC/CD: steroid Pancreatitis, fever, infection, 
withdrawal, maintenance leukopenia, hepatotoxicity, lymphoma 
Anti-TNF-a: Infliximab UC/CD: Infusion reaction, tuberculosis 
induction/maintenance reactivation, demyelination, infection, 
Adalimumab heart failure, lymphoma 
CD: 
induction/maintenance 
Cyclosporine UC: steroid refractory Hypertension, nephro and 
neurotoxicity 


ASA = aminosalicylate; UC = ulcerative colitis; CD = Crohn disease; MP = mercaptopurine; 
TNF = tumor necrosis factor. 
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Crohn Disease 


e 5-Aminosalicylates 
e Corticosteroids 


e Immunomodulators 
e Biologic Agents 
e Surgery 
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5-Aminosalicylates 


The mechanism of action of 5-aminosalicylates (S-ASA) is not well-understood, but they have 
anti-inflammatory effects believed to be secondary to inhibition of arachidonic acid in the bowel 
mucosa by cyclooxygenase. The oldest 5-ASA sulfasalazine was originally used to treat 
rheumatoid arthritis; five other oral formulations have since been developed. Two mesalamines 
are released in the small bowel in a pH- and time-dependent manner and are used to treat both 
Crohn disease and ulcerative colitis. Mesalamine is available in suppository and enema 
formulations, which are effective alone in patients who have inflammation limited to the 
rectosigmoid and may also be used in combination with an oral 5-ASA. Because Crohn disease 
is a transmural disease, the 5-ASA agents have not proved to be as efficacious as they are in 
ulcerative colitis but are often used in the treatment of mild disease. Whether these agents should 
be used at all in Crohn disease is controversial, but delayed-release mesalamine is commonly 
used for small-bowel disease. Other preparations of mesalamine are released in the distal ileum 
and therefore may have a role in treating ileal disease. The azo-bonded 5-ASAs, such as 
balsalazide, olsalazine, and sulfasalazine have a potential effect only in Crohn colitis. 
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Corticosteroids 


Ileal-release preparations of budesonide are indicated for the treatment of patients with mild ileal 
and right-sided colonic Crohn disease. Budesonide is a topically active corticosteroid with a very 
high affinity for the glucocorticoid receptor (15 times that of prednisolone and 195 times that of 
hydrocortisone). Only 10% to 15% of the drug reaches the systemic circulation; the rest is 
converted in the liver to inactive metabolites. Conventional corticosteroids are effective in the 
short-term induction of remission in patients with Crohn disease but are generally used in 
patients with moderate disease at any location or in patients with ileal disease who have failed to 
respond to the 5-ASAs or budesonide. Because of the toxic effects of long-term corticosteroid 


therapy (for example, osteoporosis, avascular necrosis, and psychosis), it is important to devise a 
strategy for tapering the dosage and discontinuing corticosteroid therapy before the therapy is 
started. 
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Immunomodulators 


Azathioprine and 6-mercaptopurine are immunomodulators that are believed to act through 
metabolites. Their onset of full activity is slow and may take up to 3 months. These drugs are 
effective for the maintenance of remission in patients with Crohn disease regardless of disease 
distribution. Adverse side effects of therapy with these agents include leukopenia and 
hepatotoxicity. Before being treated with these agents, patients should be tested for thiopurine 
methyltransferase, the enzyme involved in the conversion of 6-mercaptopurine to inactive 
metabolites; patients who have low enzyme activity (or who are homozygous deficient in 
thiopurine methyltransferase) should not be treated with these agents. 


Methotrexate is an immunomodulator that has been shown to induce and maintain remission in 
Crohn disease but not in ulcerative colitis. There is a risk for hepatotoxicity, and patients with 
persistently elevated liver tests may need to undergo liver biopsy. Methotrexate is both a 
teratogen and abortifacient and is therefore contraindicated in pregnant patients and those who 
are breastfeeding. 
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Biologic Agents 


Tumor necrosis factor a (TNF-a) is a potent proinflammatory cytokine involved in the 
pathogenesis of both Crohn disease and ulcerative colitis. Infliximab and adalimumab are 
monoclonal antibodies against TNF-a: infliximab is a chimeric antibody given intravenously; 
adalimumab and certolizumab are fully humanized antibodies given subcutaneously. These 
medications can reduce and close fistulae and induce remission in inflammatory Crohn disease 
within 4 to 8 weeks. 


There is ongoing investigation into the earlier use of potent biologic therapies to induce 
remission quickly while sparing the effects of systemic corticosteroid therapy. All three anti- 
TNF-a agents are contraindicated in patients with active tuberculosis, and a tuberculin skin test 
and chest radiograph are required before the initiation of therapy. Patients with latent 
tuberculosis require isoniazid prophylaxis because the disease can reactivate. Treatment can lead 
to the reactivation of viral hepatitis and also results in other infections and possibly lymphoma. 
There have also been a few reported cases of a rare hepatosplenic T-cell lymphoma with the 
concomitant use of infliximab and 6-mercaptopurine. 
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Surgery 


In fibrostenotic stricturing disease leading to bowel obstruction, there is generally no viable 
medical therapy. Limited small-bowel or ileocolic resection or bowel-sparing small-bowel 
stricturoplasties are the only therapy in this setting. Recurrence of disease at the sites of previous 
surgery is common, and therefore surgery is not a preferred strategy for inflammatory disease. 
Studies have shown that 3 months of metronidazole therapy reduced severe recurrences 12 
months after surgery. Furthermore, 6-mercaptopurine (and likely azathioprine) is modestly 
effective for decreasing both endoscopic and clinical postoperative recurrences in patients with 
Crohn disease. 
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Ulcerative Colitis 


The choice of medications for ulcerative colitis depends on both severity and extent of disease. 
The 5-ASAs, which are not widely effective in Crohn disease, have well-documented efficacy 
and remain the mainstay of both induction and maintenance therapy in mild to moderate 
ulcerative colitis. The 5-ASAs are the only medications shown to be effective as 
chemoprophylaxis for colorectal cancer in patients with ulcerative colitis. In patients not 
responsive to the 5-ASAs or in those with more severe disease, corticosteroids may induce 
remission. In hospitalized patients intravenous therapy is usually administered, whereas in the 
outpatient setting oral and rectal corticosteroids are used. No dose effect above the equivalent of 
prednisone 60 mg/d has been found. Corticosteroid therapy does not maintain remission and is 
appropriate only as short-term therapy. Although some patients may transition successfully back 
to 5-ASA as maintenance therapy after corticosteroid induction therapy, often an 
immunomodulator such as 6-mercaptopurine or its prodrug azathioprine is warranted; these 
agents are corticosteroid-sparing and maintain remission. 


If corticosteroid therapy does not induce remission, patients may be treated with either 
infliximab or cyclosporine; in hospitalized patients, these medications are considered after a 7- to 
10-day trial of corticosteroids. Cyclosporine requires close monitoring for hypertension and 
neurologic and renal toxicity, and therefore physicians may favor infliximab despite its increased 
risk for opportunistic infection and possibly malignancy. Medically refractory ulcerative colitis is 
treated surgically with curative total proctocolectomy with either end-ileostomy or ileal pouch- 
anal anastomosis, in which a neorectum is constructed from a segment of ileum and connected to 
the anus to retain continence. Total proctocolectomy may also be warranted in patients with 
neoplasia, toxic megacolon, perforation, and refractory bleeding. 
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Microscopic Colitis 


Microscopic colitis is another type of inflammatory bowel disease and may be classified as 
lymphocytic colitis or collagenous colitis. The incidence of microscopic colitis parallels that of 
ulcerative colitis and is more common in northern industrialized countries. The disorder occurs 
disproportionately in middle-aged women, with a peak incidence at age 65 years. Symptoms 
include a chronic relapsing-remitting pattern of watery diarrhea that varies in severity and may 
be accompanied by weight loss, abdominal pain, fatigue, and nausea. Comorbid autoimmune 
diseases are common, including thyroid disorders, celiac disease, diabetes mellitus, and 
rheumatoid arthritis. The cause of microscopic colitis is probably multifactorial and likely 
represents an abnormal mucosal response to various luminal exposures including infection and 
drugs such as NSAIDs. The mucosa usually appears normal macroscopically, and the diagnosis 
is made solely on characteristic histologic findings. Collagenous colitis is characterized by a 
thickened subepithelial collagen layer, whereas an increased number of intraepithelial 
lymphocytes is found in lymphocytic colitis. Supportive treatment with antidiarrheal agents, such 
as loperamide, bismuth subsalicylate, and diphenoxylate, may be effective for mild cases. 
Otherwise, budesonide has the best-documented efficacy; prednisolone, 5-ASA, antibiotics, and 
probiotics have been studied but the data is less robust. 
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Dysmotility Syndromes 


e Constipation 
e [leus and Pseudo-Obstruction 


e Dysmotility Disorders in Patients with Diabetes Mellitus 
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Constipation 


Chronic constipation is a common condition, with prevalence in the United States estimated at 
approximately 15% and is much more common in women than in men. Although constipation 
may occur secondary to metabolic or neurologic disease (Table 25), obstruction, or various 
medications (Table 26), there is often no identifiable primary cause. Constipation is typically 
thought of as a decrease in frequency of bowel movements, but affected patients often complain 
of constipation even with daily stools because of a qualitative change in their bowel habits. The 
Rome III criteria for functional constipation account for these additional features (Table 27). 


There are two mechanisms of chronic constipation: slow transit and outlet delay. In the former, 
also known as colonic inertia, patients have prolonged transit of radiopaque markers through the 
proximal colon; although resting colonic motility is generally normal, there is colonic 
hypomotility in response to meals or a stimulant laxative. Colonic inertia is likely the result of an 


abnormality in the enteric nerve plexus, including decreased numbers of the interstitial cells of 
Cajal, also known as the “pacemaker” cells of the gut. Patients with outlet delay have normal 
transit time through the colon but impaired rectal expulsion. In patients without another primary 
cause such as Hirschsprung disease (a congenital absence of intramural neural plexus or 
aganglionosis, rarely with adult-onset presentation), dyssynergic defecation may be the 
underlying pathogenesis of outlet delay. Dyssynergic defecation consists of the loss of the 
coordinated relaxation (or paradoxic contraction) of the puborectalis muscle and external anal 
sphincter, which thus narrows the anorectal angle and increases the anal canal pressure, making 
defecation more difficult and less effective. Dyssynergic defecation is likely learned and does not 
have an organic basis. Slow transit and outlet delay can coexist in a patient. 


Table 25. Secondary Causes of Functional Constipation 
(Partial List) 


Metabolic and Endocrine Disorders 
Diabetes mellitus 
Hypothyroidism 
Hypercalcemia, hypokalemia 
Pregnancy 
Porphyria 
Panhypopituitarism 
Anorexia 
Neurogenic Disorders 
Hirschsprung disease 
Chagas disease 
Neurofibromatosis 
Ganglioneuromatosis 
Autonomic neuropathy 
Intestinal pseudo-obstruction (myopathy, neuropathy) 
Multiple sclerosis 
Spinal cord lesions 
Parkinson disease 
Collagen Vascular and Muscle Disorders 
Systemic sclerosis 
Amyloidosis 
Dermatomyositis 
Myotonic dystrophy 


Reproduced from Wald A. Chronic constipation: advances in management. Neurogastroenterol 
Motil. 2007;19(1):4-10. [PMID: 17187583]. Copyright 2007, John Wiley & Sons. Reproduced 
with permission of Blackwell Publishing Ltd. 


Table 26. Some Drugs Associated with Constipation 


Anticholinergics 
Antispasmodics 
Antidepressants 
Antipsychotics 

Cation-Containing Agents 
Iron supplements 
Aluminum (antacids, sucralfate) 
Neurally Active Agents 
Opiates 
Antihypertensives 
Ganglionic blockers 
Vinca alkaloids 
Calcium channel blockers 
SHT; antagonists 


Reproduced from Wald A. Chronic constipation: advances in management. Neurogastroenterol 
Motil. 2007;19(1):4-10. [PMID: 17187583]. Copyright 2007, John Wiley & Sons. Reproduced 
with permission of Blackwell Publishing Ltd. 


Table 27. Diagnosis of Functional Constipation: The Rome 
III Criteria 


1. Must include two or more of the following: 
Straining during at least 25% of defecations 


Lumpy or hard stools in at least 25% of defecations 
Sensation of incomplete evacuation for at least 25% of defecations 
Sensation of anorectal obstruction/blockage for at least 25% of defecations 


Manual maneuvers to facilitate at least 25% of defecations (e.g. digital evacuation, support of the 
pelvic floor) 


Fewer than three defecations per week 


2. Loose stools are rarely present without the use of laxatives 
3. There are insufficient criteria for irritable bowel syndrome 


Reproduced from Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller 
RC. Functional bowel disorders. Gastroenterology. 2006;130:1480-91. [PMID: 16678561]. 
Copyright 2006, reproduced with permission from Elsevier. 
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Diagnosis 


The medical history in a patient with constipation should focus on the patient's specific 
complaints with regard to bowel habits; a 2-week stool diary may be helpful in this regard. A 
patient's perceptions of what constitutes normal defecation may be inaccurate. A detailed history 
of medication use (including over-the-counter drugs) and comorbid illnesses should be obtained. 
Physical examination may be helpful in identifying perianal abnormalities such as hemorrhoids 
or fissures, and a rectal examination can assess resting sphincter tone as well as a patient‘‘s 
ability to relax the puborectalis and external anal sphincter when asked to mimic a bowel 
movement. Alarm features include rectal bleeding or occult blood-positive stool, weight loss, a 
family history of colon cancer or inflammatory bowel disease, anemia, and acute onset in an 
older person; in the absence of such findings, further laboratory tests, imaging, and endoscopy 
are not indicated. In patients older than 50 years, however, colonoscopy should be recommended 
if not previously performed. In patients with alarm signs or symptoms, evaluation may include 
plain radiographs of the abdomen to assess for significant stool retention and megacolon, and 
radiopaque marker studies to assess for slow transit and outlet delay. Defecography and anorectal 
manometry studies are highly specialized tests that may be useful in the evaluation of 
dyssynergic defecation. 
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Treatment 


Treatment of constipation includes correction of underlying metabolic abnormalities, such as 
hypothyroidism, and discontinuation of any potentially putative medications. Increased fiber 
intake to the recommended 25 to 30 g/d augments stool bulk and facilitates stool transit time. 
Osmotic laxatives are often the next step in the treatment of constipation, including lactulose, 
magnesium-based compounds, and polyethylene glycol solutions. Fiber and osmotic laxatives 
may cause bloating and discomfort and should be introduced gradually, although polyethylene 
glycol is usually well tolerated. Although stimulant laxatives are often avoided by physicians 
because of fears regarding dependency and abuse, these fears are largely unsubstantiated and 
these medications are frequently helpful in patients with slow transit. Common stimulant 
laxatives include anthraquinones (such as senna) and diphenylmethanes (such as bisacodyl). 


Tegaserod, a partial 5-hydroxytryptamine-4 (5-HT4) receptor agonist, was previously approved 
for the treatment of both constipation-predominant irritable bowel syndrome in women as well as 
chronic constipation in men and women younger than 65 years; however, it was voluntarily 
withdrawn from the market in early 2007 after an association between this medication and 
cardiovascular events was discovered. Lubiprostone, an intestinal chloride channel agonist that 
increases intestinal fluid secretion, was recently approved for the treatment of chronic functional 
constipation. In patients with dyssynergia, biofeedback training may be effective. Very rarely, in 
the case of severe refractory and disabling constipation in which other gastrointestinal motility is 
normal and in patients without dyssynergia, a subtotal colectomy with ileorectal anastomosis 
may offer relief. 
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Ileus and Pseudo-Obstruction 


Ileus, the functional inhibition of normal bowel motility, most commonly occurs after abdominal 
surgery but can also be associated with metabolic disturbances such as electrolyte abnormalities; 
medications including narcotics and anticholinergic agents; and neurologic disorders, 
inflammatory conditions, and sepsis (Table 28). 


Postoperatively, the pathogenesis of ileus is likely multifactorial: impaired electrical activity of 
the stomach, small intestine, and colon; increased inhibitory sympathetic nervous system output; 
increased activity of inhibitory neurotransmitters, local factors, hormones, and inflammatory 
mediators; and the dysmotility effect of anesthesia. Manifestations of ileus include an inability to 
tolerate oral intake, bloating, abdominal pain, and lack of flatus and stool. Physical examination 
often reveals abdominal distention, normal or decreased bowel sounds, and diffuse mild 
tenderness. Plain radiographs of the abdomen reveal air throughout the intestine, although often 
ileus can share radiographic features of a mechanical small-bowel obstruction, including air-fluid 
levels and a paucity of gas in the colon (Figure 24). The distinction is important because small- 
bowel obstruction can lead to ischemia, necrosis, and perforation. 


CT scan and barium studies may aid in differentiating ileus from obstruction. Treatment of ileus 
is generally supportive, with removal of any offending medications and correction of electrolyte 
abnormalities. Nasogastric intubation does not seem to shorten the duration of ileus but may 
provide symptomatic relief from vomiting. Early postoperative feeding, gum chewing, laxatives, 
and NSAIDs are potential therapeutic options; the role of promotility agents remains unclear. 
Laparoscopic procedures and local epidural anesthesia may reduce length of postoperative ileus. 


Intestinal pseudo-obstruction, which is a motility disorder that mimics mechanical bowel 
obstruction in the absence of an obstructive lesion, may affect the small and/or large bowel and 
can be either acute or chronic. In the affected segment, motility is slowed or absent, and the 
bowel is dilated on radiographic studies. Chronic intestinal pseudo-obstruction may be idiopathic 
and some familial forms have been identified, but it is more often secondary to an underlying 
paraneoplastic syndrome or a neurologic, smooth muscle, or metabolic disorder. Clinically, 
patients most commonly present with abdominal pain and distention, but constipation, early 


satiety/fullness, nausea, and vomiting are also features. Weight loss and diarrhea may occur 
when malabsorption and bacterial overgrowth are present. Symptoms may wax and wane and 
indeed even completely resolve between episodes, although in the most severe cases, chronic 
intestinal pseudo-obstruction is unremitting. 


Physical examination may reveal distention, tympany, and a succussion splash; signs of systemic 
diseases should also be sought. Plain radiographs of the abdomen and an upper 
gastrointestinal/small-bowel series should be performed on all patients, both to support the 
diagnosis and rule out other diseases (for example, Crohn disease); dilated loops of bowel and 
air-fluid levels may be demonstrated, and it may be difficult to distinguish between pseudo- 
obstruction and mechanical obstruction. Endoscopy may be helpful in both ruling out an 
obstructive lesion and obtaining biopsies. Colonoscopy may yield helpful diagnostic information 
and rarely may function to decompress the bowel. Laboratory tests may be useful in testing for 
systemic disorders as well as monitoring electrolytes and nutritional status, including vitamin 
levels and essential elements in patients with signs of malabsorption. Manometry and 
histopathologic findings may be supportive but not diagnostic of chronic intestinal pseudo- 
obstruction. Treatment includes therapy for any underlying disorders, nutritional support, which 
may involve enteral or parenteral feeding, and antibiotic treatment when bacterial overgrowth is 
present. Acute exacerbations may be treated with prokinetic agents including erythromycin, 
metoclopramide, and neostigmine; octreotide may be useful in cases of underlying scleroderma, 
and cisapride, although not available in the United States because of an association with fatal 
cardiac arrhythmias, can be obtained directly through the manufacturer when need is 
documented and risk is shown to be minimal. Surgery may be useful to bypass, remove, or 
decompress affected segments of bowel. 


Figure 24. Small-bowel obstruction. 


A flat plate radiograph of the abdomen reveals small intestine and colonic dilation in a patient 
with diffuse cutaneous systemic sclerosis with pseudoobstruction. 


Table 28. Disorders Associated with Chronic Intestinal 
Pseudo-obstruction 


Neurologic Disorders 
Brainstem tumor 
Dysautonomia 
Familial visceral neuropathy 
Neurofibromatosis 
Parkinson disease 

Smooth Muscle Disorders 


Amyloidosis 

Familial visceral myopathy 

Mitochondrial myopathy 

Muscular dystrophy 

Systemic lupus erythematosus 

Systemic sclerosis (scleroderma) 
Systemic Disorders 

Diabetes mellitus (rare) 

Hypothyroidism 
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Dysmotility Disorders in Patients with Diabetes Mellitus 


In patients with type | or type 2 diabetes mellitus, autonomic dysfunction manifesting in altered 
motility is common, especially after prolonged disease and in association with other diabetic 
complications. Upper gastrointestinal disorders including esophageal dysmotility and 
gastroparesis are common in such patients. There are likely multiple mechanisms in the setting 
of autonomic neuropathy: abnormal small-intestinal and colonic motility can result in 
constipation and diarrhea, bacterial overgrowth, anorectal dysfunction, increased intestinal 
secretion and possibly bile salt malabsorption, and exocrine pancreatic insufficiency. 
Additionally, celiac disease is more common in patients with diabetes than in the general 
population, and medications such as metformin are associated with diarrhea as are dietetic foods 
that contain artificial sweeteners such as sorbitol. Treatment is both supportive and directed at 
the underlying mechanism: antidiarrheal agents such as loperamide may decrease motility, and 
clonidine has been used to decrease secretory diarrhea. Antibiotics should be used to treat 
bacterial overgrowth. Octreotide has also been used in patients with diarrhea, but its long-term 
efficacy is questionable. Fecal incontinence may also be treated with biofeedback. 
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Irritable Bowel Syndrome 


Irritable bowel syndrome (IBS) is a common disorder, with a 7% prevalence estimate in the 
United States based on population studies. Women are 1.5 times more likely to be affected than 
men, most commonly between ages 20 and 40 years. Onset after the age of 50 years is 
uncommon. The pathophysiology of the disorder is not well understood and may vary depending 
on the subtype. Abnormal gastrointestinal motility, visceral afferent hypersensitivity, and 
autonomic innervation abnormalities have been implicated as possible mechanisms. Altered 
activation of the mucosal immune system may occur, particularly in patients with diarrhea and 
who develop symptoms after having had acute gastroenteritis, a syndrome known as 
postinfectious irritable bowel syndrome. Depression, anxiety, a history of sexual abuse, phobias, 


and somatization are commonly associated with the syndrome, but psychosocial factors do not 
appear to be causal. Health-related quality of life (HRQOL) scores are lower in patients with IBS 
than in unaffected persons, but it is unclear whether IBS leads to lower HRQOL or vice versa. 
Compared with affected patients who do not seek medical care, patients who seek evaluation and 
treatment are more likely to have comorbid psychiatric illness, and psychological stress is likely 
to exacerbate symptoms. IBS is costly, with direct and indirect (including decreased work 
productivity) costs estimated at $20 billion, with IBS patients consuming greater than 50% more 
in health care resources than matched controls. Increased health care utilization in IBS patients is 
directly related to somatization levels. 


Diagnosis is based solely on clinical grounds. As no biochemical, radiographic, endoscopic or 
histologic marker exists, several clinical indices have been published to aid in the diagnosis of 
IBS, with the Rome criteria being the most widely known. While the third version of the Rome 
criteria (Table 29) was recently released, only Rome I criteria have been evaluated for accuracy, 
with a sensitivity of 71% and a specificity of 85%. The American College of Gastroenterology 
(ACG) task force on IBS has recommended a simpler definition: abdominal pain associated with 
altered bowel habits (change in stool form or frequency) over a period of at least 3 months. 
Rome III criteria describes four subtypes of IBS: constipation-predominant, diarrhea- 
predominant, mixed, and unsubtyped (Table 30). Supportive symptoms may include abnormal 
stool frequency (>3/d, <3/week), abnormal stool form (lumpy/hard or loose/watery), straining or 
urgency or a sensation of incomplete evacuation, mucus, and bloating. 


In addition to meeting the diagnostic criteria for IBS, the absence of alarm symptoms (see Table 
29) and signs has also been touted as reassuring that the patient does not have organic disease 
such as inflammatory bowel disease, colorectal cancer or celiac disease. Recent review of the 
literature has suggested that nocturnal symptoms as well as rectal bleeding in particular are not 
helpful in separating IBS from patients with organic disease. While other alarm criteria such as 
anemia and weight loss lack sensitivity for the diagnosis of organic disease, they are specific. 
Affected patients may describe nongastrointestinal somatic symptoms such as headache, urinary 
symptoms, backache, and fatigue. 


Table 29. Rome III Diagnostic Criteria for Irritable Bowel 
Syndrome 


Recurrent abdominal pain or discomfort (abnormal sensation not described as pain) at least 3 
days a month in past 3 months (with onset > 6 months prior) associated with two or more of the 
following: 

Improvement with defecation 

Onset associated with change in frequency of stool 

Onset associated with change in form (appearance) of stool 

Alarm indicators that suggest other diseases: 

Age >50 years 

Male 

Short history of symptoms 


Documented weight loss 
Nocturnal symptoms 

Family history of colon cancer 
Rectal bleeding 

Recent antibiotic use 


Reproduced from Spiller R. Clinical update: irritable bowel syndrome. The Lancet. 
2007;369: 1586-88. [PMID: 17499587]. Copyright 2007, with permission from Elsevier. 


Table 30. Subtyping Irritable Bowel Syndrome (IBS) by the 
Predominant Stool Pattern (Rome III Criteria) 


1. IBS with constipation (IBS-C) - hard or lumpy stools" >25% and loose (mushy) or watery 
stools” <25% of bowel movements® 


2. IBS with diarrhea (IBS-D) - loose (mushy) or watery stools” >25% and hard or lumpy stool" 
<25% of bowel movements® 


3. Mixed IBS (IBS-M) - hard or lumpy stools’ >25% and loose (mushy) or watery stools” >25% 
of bowel movements? 


4. Unsubtyped IBS (IBS-U) - insufficient abnormality of stool consistency to meet criteria IBS- 
C, D or M° 


“Bristol Stool Form Scale 1-2 [separate hard lumps like nuts (difficult to pass) or sausage shaped 
but lumpy]. 


Bristol Stool Form Scale 6-7 (fluffy pieces with ragged edges, a mushy stool or watery, no solid 
pieces, entirely liquid). 


“In the absence of use of antidiarrheals or laxatives. 
Reproduced from Ersryd A, Posserud I, Abrahamsson H, Simren M. Subtyping the Irritable 
Bowel Syndrome by Predominant Bowel Habit: Rome II versus Rome III. Alimentary 


Pharmacology & Therapeutics. 2007;26:953-61. [PMID: 17767480]. Copyright 2007, John 
Wiley and Sons. Reproduced with permission from Blackwell Publishing Ltd. 
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Evaluation 


Patients with potential IBS should not undergo a potentially expensive or harmful evaluation that 
may undermine their confidence in the diagnosis and in the physician. 


However, anemia is an alarm sign; a complete blood count should be performed after the onset 
of symptoms. Furthermore, patients with IBS with diarrhea and mixed IBS should have serologic 
tests for celiac disease, which occurs more commonly in patients with these IBS subtypes than in 
the general population. Although many recent studies have focused on the possible link between 
IBS and small intestine bacterial overgrowth, the ACG task force finds insufficient evidence to 
recommend routine testing. Testing for lactose intolerance, which is more common among IBS 
patients, should be conducted only if this diagnosis is unclear on clinical grounds. Colonoscopy 
is indicated only if patients are older than 50 years. In any patient with alarm features, however, 
further evaluation is mandated and should be tailored to symptoms; for example, patients with 
constipation need imaging to rule out a mechanical obstruction. In patients with IBS with 
diarrhea who undergo colonoscopy, random biopsies of the colon should be done to evaluate for 
microscopic colitis, particularly if there is suggestion of a secretory diarrhea. 
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Treatment 


Treatment of IBS depends greatly on a patients predominant symptoms. Although patients often 
link diet to symptoms, no clear data support elimination diets or food allergy testing, but if 
individual patients identify clear food triggers, these can be eliminated or reduced. Bulking 
agents, in particular fiber in the form of psyllium hydrophilic mucilloid (ispaghula husk) and 
possibly calcium polycarbophil, may improve global IBS symptoms but can be associated with 
bloating and flatulence. Laxatives appear to be effective in chronic constipation, but they have 
not been studied sufficiently in IBS; although laxatives appear to improve frequency of bowel 
movements in those with constipation, it remains unclear whether they have any effect on pain. 
(Osmotic laxatives such as milk of magnesia as well as nonabsorbable polyethylene glycol, 
sorbitol, and lactulose are generally believed to be safer than stimulant laxatives, but they may be 
associated with bloating and flatulence; therefore, senna and bisacodyl may be appropriate for 
intermittent use for constipated patients.) Tegaserod, a 5-HT, (serotonin) agonist had been 
previously approved to treat IBS with constipation in women and improved bowel movements, 
abdominal pain, and global IBS symptoms; as noted above the drug was withdrawn from the 
market in March 2007. Lubiprostone is a chloride channel antagonist approved to treat chronic 
constipation in adults, but it does not alleviate abdominal pain. 


In IBS with diarrhea, loperamide is the only antidiarrheal agent that has been studied in 
randomized controlled trials. Although this medication improved both bowel movement 
frequency and consistency, it had no effect on other IBS symptoms. Alosetron, a 5-HT3 
antagonist, alleviates abdominal pain, global IBS symptoms, and diarrhea and urgency in women 
and men with IBS with diarrhea; potential serious but uncommon side effects include both severe 
constipation and ischemic colitis. Because of these adverse events, this drug is available only 
through an FDA restricted program administered by its manufacturer. It should be reserved for 
patients who have failed to respond to conventional therapies. 


Antispasmodic agents, including dicyclomine, hyo-scyamine, and possibly peppermint oil, 
function as gastrointestinal smooth muscle relaxants. Although these agents may reduce 


abdominal pain in the short term, their efficacy is not well substantiated, and because their action 
is not specific to the gut, they may be associated with side effects that preclude their use; 
furthermore, they may cause constipation. Tricyclic antidepressants and possibly selective 
serotonin reuptake inhibitors have analgesic properties; tricyclics also have an anticholinergic 
effect and thus may induce constipation. Smaller doses than are used in the treatment of 
depression are generally recommended. Comorbid depression may best be treated with a 
selective serotonin reuptake inhibitor. Psychosocial stressors should also be addressed. 


While the link between small intestinal bacterial overgrowth and IBS remains unclear, the short- 
term (10 to 14 days) use of the nonabsorbed antibiotic rifaximin at doses between 1000 and 1200 
mg/day has demonstrated improvement in global IBS symptoms, bloating and diarrhea in several 
well-designed randomized controlled trials conducted predominantly in patients with IBS and 
diarrhea. The efficacy and safety of longer term or intermittent use of rifaximin are unknown. 
Other antibiotics such as neomycin may be effective as well but have not been as well studied. 
The efficacy of probiotics is yet to be determined adequately. 


Finally, antibiotic and probiotic therapy has been used because bacterial overgrowth has been 
implicated in the pathogenesis of the syndrome, possibly through abnormal motility or as a 
sequela of postinfectious IBS. Rifaximin has been effective in relieving symptoms in patients 
with bacterial overgrowth. Bifidobacterium infantis is the only probiotic that has proven efficacy 
in the treatment of IBS. 
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Colonic Diverticular Diseases 


e Diverticulosis 
e Diverticulitis 
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Diverticulosis 


Diverticulosis consists of the presence of diverticula in the colon. An acquired colonic 
diverticulum is actually a “false” or “pseudo” diverticulum because only the mucosa and 
submucosa are contained within this sac-like outpouching that herniates through the muscularis 
propria at points of weakness where the vasa recta blood vessels penetrate the colon. 
Diverticulosis is so common in aging Western populations that some do not consider it 
pathologic: in the United States, diverticulosis is found in up to 50% of persons in their eighth 
and ninth decade of life compared with less than 10% of those younger than 40 years. In 
contrast, rural Africa and Asia have a prevalence of less than 1%. Diverticular disease 
encompasses both diverticular hemorrhage and diverticulitis. Additionally some patients have 
nonspecific symptoms, including bloating, cramping, irregular bowel movements, and excessive 


flatulence, symptoms that may, however, be related to irritable bowel syndrome rather than 
directly related to diverticula. 


The pathogenesis of diverticulosis likely relates to the interplay between dietary fiber, colonic 
wall structure, and intestinal motility. Fiber augments stool bulk and volume, which increases 
colonic diameter and thus decreases segmentation and intraluminal pressures. The sigmoid colon 
has the smallest width and thus is the most commonly affected part of the colon in Western 
countries, although in Asia, right-sided diverticula are more common. Traditional Western diets 
are deficient in fiber, generally not meeting the recommended 25 to 30 g/d; diverticulosis is less 
common in populations from regions with high fiber diets and in vegetarians. Abnormalities in 
the regulation of the colonic extracellular matrix as well as decreased intestinal transit and 
excessive contractility are also implicated in the pathogenesis of diverticulosis. Asymptomatic 
diverticulosis does not warrant further evaluation, although it is reasonable to suggest a high- 
fiber diet. 
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Diverticulitis 


Diverticulitis results from obstruction at the diverticulum neck by fecal matter, leading to mucus 
and bacterial overgrowth. Approximately 15% to 25% of patients with diverticula develop 
diverticulitis. Because 85% of diverticulitis occurs in the sigmoid or left colon, left lower 
quadrant pain is the most common clinical manifestation, often accompanied by fever. Other 
symptoms that may occur include a change in bowel habits, and rarely bleeding, nausea, 
vomiting, and anorexia; 10% to 15% of affected patients have urinary symptoms induced by 
diverticulitis in close proximity to the bladder. Bowel sounds are usually decreased but may be 
hyperactive in patients with obstruction. More than half of patients with diverticulitis have 
leukocytosis. 
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Diagnosis 


The diagnosis of diverticulitis is made on the basis of history and physical examination, but 
imaging is often helpful when the diagnosis is unclear or when complications are suspected. 
Plain radiographs of the chest and abdomen can detect free air in patients with peritoneal signs, 
and up to 50% of patients with acute diverticulitis will be found to have ileus, obstruction, or a 
soft-tissue mass. CT scan of the abdomen and pelvis with oral and intravenous contrast has 
become the imaging modality of choice to diagnose acute diverticulitis, with a sensitivity and 
specificity up to 97% and 100%, respectively. CT findings consistent with diverticulitis include 
the presence of diverticula with pericolic fatty infiltration, bowel wall thickening, phlegmon, and 
pericolic fluid. CT scan can also show complications including fistula, obstruction, and abscess. 
Single-contrast enema studies and ultrasonography are second-line imaging modalities and are 


not now commonly used. Colonoscopy should be avoided in the acute setting because air 
insufflation may increase the risk for perforation. After resolution, however, patients who have 
not had a recent colonoscopy should undergo the procedures to rule out malignancy. 
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Treatment 


Treatment of diverticulitis consists of antibiotics. Patients with mild symptoms, no signs of 
peritonitis, and no significant comorbidities and who can tolerate oral intake may be treated at 
home with oral antibiotics, whereas others should be hospitalized for intravenous antibiotics, 
hydration, and bowel rest. Antibiotic choice should cover gram-negative bacilli and anaerobes: 
commonly used regimens include a fluoroquinolone combined with metronidazole. Symptomatic 
improvement is expected within 2 to 4 days, and patients should complete a 7- to 10-day course. 
Because only 25% develop recurrent diverticulitis, surgery is not recommended after one 
uncomplicated episode but should be considered in patients with repeated episodes. 


The treatment of complicated diverticulitis varies. Small abscesses may be managed successfully 
with antibiotics and bowel rest, whereas nonresolving or larger abscesses may require CT-guided 
percutaneous drainage with subsequent elective one-stage surgery. Patients who have 
multiloculated or inaccessible abscesses as well as those with peritoneal signs may need surgery 
as an initial treatment, which sometimes requires two stages. In these cases, resection with 
diverting colostomy and Hartmann pouch is performed; after sufficient healing, colostomy take- 
down and reanastomosis are done in a second surgery. Fistulae result when colonic inflammation 
and/or abscess extends to an adjacent organ. Colovesical fistulae are the most common, 
particularly in men, while colovaginal fistulae are the next most frequent type; enteric, uterine, 
and rectal fistulae may also occur. Fistulae are generally managed surgically. Obstruction 
secondary to diverticulitis often resolves with conservative management, but persistent strictures 
should be evaluated for neoplasia and may necessitate endoscopic or surgical management. 
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Intestinal Ischemic Disease 


Intestinal ischemia consists of a decreased blood supply to the bowel, resulting in diminished 
delivery of oxygen and nutrients. 
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Acute Mesenteric Ischemia 


Acute mesenteric ischemia is a life-threatening condition that must be recognized and treated 
emergently. Although the disorder is rare, its incidence is rising, which may be the result of 
improved awareness but also likely stems from a growing aging population who are at increased 
risk. Acute mesenteric ischemia should not be confused with acute colonic ischemia, which is a 
very different entity and will be discussed in detail later in this section (Table 31). 


Acute mesenteric ischemia is categorized into superior mesenteric artery embolus, nonocclusive 
mesenteric ischemia, superior mesenteric artery thrombosis, focal segmental ischemia, and acute 
mesenteric venous thrombosis. Superior mesenteric artery embolus, which is the most common 
type, accounting for approximately 50% of cases, usually develops from ventricular or left atrial 
thrombi in the context of atrial fibrillation. Superior mesenteric artery thrombosis occurs in 
patients with severe atherosclerotic disease and most often occurs at the origin of the superior 
mesenteric artery; 20% to 50% of patients have postprandial abdominal pain and weight loss 
consistent with chronic mesenteric ischemia. Nonocclusive mesenteric ischemia accounts for 
25% of acute mesenteric ischemia and begins as physiologic protective vasoconstriction in 
response to a cardiovascular event or hypovolemia; other risk factors are cirrhosis, end-stage 
renal failure requiring hemodialysis, and use of splanchnic vasoconstrictors such as digitalis. 
Acute mesenteric venous thrombosis generally occurs in younger patients with hypercoagulable 
conditions, portal hypertension, intra-abdominal inflammation, sepsis, trauma and after surgery. 
Unlike the other subtypes, focal segmental ischemia involves only small segments of bowel and 
therefore does not carry the same high mortality rate; causes include atheromatous emboli, 
strangulated hernias, vasculitis, radiation therapy, and use of oral contraceptive pills. 


Most patients with acute mesenteric ischemia are older than 50 years. Abdominal pain is almost 
invariably present; elderly patients may have more vague symptoms including mental status 
change and tachypnea. Forceful bowel evacuation may occur in superior mesenteric artery 
embolus, and although occult blood-positive stool is common, overt bleeding is rare. Late signs 
and symptoms include nausea, vomiting, fever, hematemesis, obstruction, back pain, and shock. 
Physical examination early in the presentation may be unremarkable, thus illustrating the classic 
teaching of “pain out of proportion to examination.” As the initial insult progresses to bowel 
infarction, distention with peritoneal signs develop. 


Table 31. Distinguishing Features of Acute Colonic and 
Small-Bowel Ischemia 


Acute Colonic Ischemia Acute Mesenteric Ischemia Involving Small Bowel 
90% of patients over age 60 Age varies with etiology of ischemia 
Acute precipitating cause is rare Acute precipitating cause is typical 
Patients do not appear ill Patients appear very ill 


Mild abdominal pain, tenderness present Pain is usually severe, tenderness is not prominent early 
Rectal bleeding, bloody diarrhea typical Bleeding uncommon until very late 
Colonoscopy is procedure of choice Angiography indicated 


Adapted from Reinus JF, Brandt LJ, Boley SJ. Ischemic diseases of the bowel. Gastroenterology 
Clinics of North America. 1990;19:319-43. [PMID: 2194948]. Copyright 1990, with permission 
from Elsevier. 
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Diagnosis 


The key to the diagnosis of acute mesenteric ischemia is a high index of suspicion. Traditional 
angiography has been the diagnostic gold standard as well as being used for administration of 
therapeutic vasodilators and stenting. CT angiography is becoming increasingly recognized as a 
highly sensitive and specific modality to diagnose acute mesenteric ischemia. The procedure is 
more readily available than traditional angiography and also permits the evaluation of the 
abdomen in addition to the vasculature. Magnetic resonance angiography is also an excellent 
diagnostic modality in this setting, especially in patients with hypersensitivity to contrast dye or 
with renal insufficiency. Both imaging modalities are limited in the diagnosis of nonocclusive 
mesenteric ischemia, however. Standard CT scanning is useful only in mesenteric venous 
thrombosis. Plain radiographs of the abdomen are generally normal early in the course of acute 
mesenteric ischemia but later may show thumbprinting, an ileus, bowel thickening, and 
pneumatosis. Doppler ultrasonography may be helpful in evaluation of the proximal mesenteric 
vessels, but it has multiple limitations and is not recommended. Laboratory tests are neither 
adequately sensitive nor specific, especially early in the course. Later, the leukocyte count may 
be elevated above 15,000/uL (15 x 10°/L) in more than three quarters of patients, along with a 
metabolic acidosis and elevated lactate, creatine kinase, lactate dehydrogenase, aspartate 
aminotransferase, and alkaline phosphatase. Plasma D-dimer, glutathione S-transferase a, and 
intestinal fatty acid binding protein show promise as serologic markers of intestinal ischemia but 
are not used routinely. 
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Treatment 


The overall mortality rate of acute mesenteric ischemia remains high; survival rates are greatly 
improved when diagnosis is made promptly and treatment is initiated immediately. A patient 
suspected of having acute mesenteric ischemia should be given prompt supportive treatment with 
volume resuscitation and broad-spectrum antibiotics that cover anaerobic and gram-negative 
organisms. Suspected underlying mechanisms such as arrhythmias and heart failure should be 
corrected. Specific treatment depends on the subtype and whether peritoneal signs are present. 
Patients with superior mesenteric artery embolus or thrombosis who have peritoneal signs should 
undergo exploratory laparotomy. Surgical interventions include peritoneal lavage, resection of 
necrotic and perforated bowel, thrombolectomy, patch angioplasty, endarterectomy, and bypass 
procedures. In patients with questionable bowel viability, second-look surgeries are advocated. 


Papaverine, a nonspecific vasodilator, is frequently used pre- and postoperatively to minimize 
splanchnic vasoconstriction and reperfusion injury. In patients without peritoneal signs, 
thrombolytic agents such as streptokinase and tissue plasminogen activator have been used 
successfully in case series and reports. In nonocclusive mesenteric ischemia, intra-arterial 
papaverine should be initiated as soon as angiographic diagnosis is confirmed, with repeat 
angiography in 24 hours to assess for improved or persistent vasospasm; papaverine may be 
continued for up to 5 days, but if not effective or peritoneal signs develop, then surgical 
exploration is warranted. Treatment of mesenteric venous thrombosis usually entails surgical 
resection and/or thrombolectomy; lifelong anticoagulation is necessary when an underlying 
hypercoagulable state is identified. Focal segmental ischemia is treated with bowel resection. 
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Chronic Mesenteric Ischemia 


Chronic mesenteric ischemia, also called intestinal angina or claudication, is characterized by 
postprandial abdominal pain that usually begins 30 minutes after eating and may last up to 3 
hours; sitophobia or fear of eating typifies the disorder and invariably leads to weight loss. Most 
cases arise in the setting of severe mesenteric atherosclerotic disease, such that in 90% of cases 
at least two of the three major splanchnic arteries are occluded and in half the cases all three are 
occluded. Although MR or CT angiography is useful in detecting mesenteric vessel occlusions, 
chronic mesenteric ischemia should not be diagnosed without the proper clinical history and 
without excluding other causes such as malignancy, pancreatitis, peptic ulcer disease, and biliary 
colic. Surgical bypass is the definitive treatment. Percutaneous angioplasty and stenting 
procedures may have equivalent initial success rates as surgery, but long-term efficacy has not 
been established. 
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Colonic Ischemia 


Colonic ischemia, also called ischemic colitis, is much more common than acute or chronic 
mesenteric ischemia. The disorder is characterized by a wide spectrum of ischemic injury to the 
colon including reversible colonopathy, transient colitis, chronic colitis, stricture, gangrene, and 
fulminant universal colitis; it is rarely fatal. Although an underlying cause is often not identified, 
colonic ischemia can occur in association with colonic hypoperfusion in the setting of aortic or 
cardiac bypass surgery, prolonged physical exertion (for example, long-distance running), and 
any cardiovascular event accompanied by hypotension. Medications such as oral contraceptives, 
drugs such as cocaine, vasculitides, and hypercoagulable states have also been identified as risk 
factors (Table 32). 


The most commonly affected sites of colonic ischemia are the descending, sigmoid, and splenic 
flexure. When the right colon is affected, concomitant mesenteric ischemia can occur because 


the superior mesenteric artery supplies the proximal colon. Most patients with colonic ischemia 
are older than 60 years and usually present with left-lower quadrant pain, urgent defecation, and 
red or maroon rectal bleeding that does not require transfusion. Patients may have mild 
tenderness over the involved segment of colon; hypovolemia and peritonitis are rare and 
generally herald the existence of gangrenous bowel, perforation, or transmural necrosis. In the 
past, diagnosis was made by the findings of thumbprinting representing submucosal hemorrhages 
on barium enema studies, but colonoscopy is now the primary diagnostic procedure. 
Colonoscopic findings are generally segmental and include hemorrhagic nodules, linear and 
circumferential ulceration, and gangrene. Macro- and microscopic abnormalities may overlap 
with those of infectious and inflammatory colitides. Therapy includes intravenous fluids and 
antibiotics to cover anaerobes and gram-negative bacteria, although data to support this latter 
practice are weak. Underlying causes and offending medications should be identified and 
rectified. If peritoneal signs of hypovolemic shock or sepsis develop, immediate exploratory 
laparotomy is necessary. 


Table 32. Causes of Ischemic Colitis 


Arterial 
Hypoperfusion: Decreased cardiac output, cardiac arrhythmias, sepsis with shock 


Thrombotic: Thrombosis of the inferior mesenteric artery 


Embolic: Arterial emboli, cholesterol emboli 
Drug-Induced 
Cocaine 


Digoxin 
Estrogens 


Pseudoephedrine 
Postoperative 
Coronary artery bypass graft surgery 


Abdominal aortic surgery 

Vasculitis 

Systemic lupus erythematosus 

Hypercoagulable State 

Protein C and S and antithrombin III deficiency; factor V 


Leiden mutation 
Miscellaneous 
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Key Points 


e Colon cancer results from the accumulation of genetic mutations that lead to the 
progression from normal mucosa to dysplastic adenoma to carcinoma. 

e Tumor suppressor genes, oncogenes, and mismatch repair genes differentially contribute 
to carcinogenesis in familial and sporadic colorectal cancers. 

e Evaluation of patients with a suspected familial colon cancer syndrome should be 
performed under the guidance of a genetic counselor. 

e Patients with hereditary colon cancer syndromes such as familial adenomatous polyposis 
and hereditary nonpolyposis colorectal cancer have a very high risk of developing colon 
cancer and extracolonic malignancy; these patients require aggressive screening and 
surveillance strategies. 

e In addition to being at high risk for colon cancer, patients with familial adenomatous 
polyposis are at risk for cancers of the small bowel, thyroid gland, stomach, central 
nervous system, and biliary system. 

e Hereditary nonpolyposis colorectal cancer should be suspected clinically in persons who 
have multiple family members with cancers of the colon, endometrium and ovaries, small 
bowel, ureter, renal pelvis, and pancreaticobiliary system. 

e Clinical diagnostic criteria for hereditary nonpolyposis colorectal cancer include the 3-2- 
1 rule: 3 relatives with an associated cancer; 2 generations affected; and 1 person 
diagnosed before age 50 years. 

e Medical conditions that increase the risk for colorectal cancer include inflammatory 
bowel disease, acromegaly, a history of radiation injury to the colon, and urinary 
diversion with implantation of ureters into the colon. 

e Colorectal cancer screening is well tolerated, cost-effective, and saves lives. 

e Screening for colorectal cancer is feasible because of the 10 to 15 years that are needed 
for a polyp to develop into cancer, an ample time to detect and remove an adenoma. 

e Fecal occult blood testing, flexible sigmoidoscopy, and colonoscopy are appropriate 
options for screening for colorectal cancer in average-risk patients. 
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Pathophysiology of Colorectal Neoplasia 


The transformation of a normal colonocyte into cancer is the result of a series of molecular 
changes that induce unregulated cellular proliferation and culminate in malignancy. The biologic 
roles of the genes involved in sporadic and familial colorectal cancer have been elucidated, 
thereby leading to an understanding of the pathways of colon carcinogenesis. In addition, various 
environmental and dietary factors have been shown to affect the risk for colon cancer. Although 
the mechanisms by which these factors interact in colon carcinogenesis are not well understood, 
recognizing their contribution offers potential for prevention of colonic neoplasia and 
intervention in disease. 


Knudsen's two-hit hypothesis of carcinogenesis, which proposes that two mutations (or “hits’’) 
are required for carcinogenesis, is most evident in colorectal cancer in the familial colon cancer 
syndromes. In hereditary cancer syndromes, the first hit is an inherited mutation that is present in 
the zygote and therefore exists in every cell (a germline mutation); the second hit is a somatic 


mutation, and cancer develops in a high proportion of such patients and at an early age. In 
sporadic cancers both hits are somatic mutations in a single cell, a much less likely event than the 
single somatic mutation in hereditary cancers, although one that occurs in nearly 5% of the 
population. 


PreviousNext 
Genetics 
e Adenoma-to-Carcinoma Sequence 
e Tumor Suppressor Genes 
e Oncogenes 
e Mismatch Repair Genes and Base Excision Repair Genes 
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Adenoma-to-Carcinoma Sequence 


The multistep model of colon carcinogenesis proposes a series of genetic abnormalities resulting 
in progression from normal mucosa to dysplastic adenoma to carcinoma (Figure 25). Early in 
the process a hyperproliferative epithelium develops, whereas later multiple mutations 
accumulate, contributing to increasing degrees of chromosomal instability and dysplasia. 
Cellular expansion becomes clonal and eventually cancer develops. The progression from normal 
mucosa to adenoma to cancer takes approximately 15 years. 


e DNA MMR genes 
e Methylation 


T T DC To p53 


= —| faye el me a — [ Carcinoma | 
Figure 25. Genetic mutations in the pathophysiology of 
colorectal cancer. 
APC = adenomatous polyposis gene; DCC = deleted in colorectal cancer gene; DPC4 = deleted 


in pancreatic cancer 4 gene; K-ras = K-ras oncogene, MMR = mismatches repair genes; p53 = 
p53 tumor suppressor gene. 
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Tumor Suppressor Genes 


In most sporadic cancers and some familial syndromes, mutations occur in the APC gene. The 
normal APC gene regulates the growth of the colonocyte. When both copies (alleles) of the APC 
gene within a cell are mutated, cell growth becomes dysregulated. This type of gene is called a 
tumor suppressor gene because its normal function suppresses oncogenesis. Mutations in the 
APC gene, which tend to occur early in the process of colon carcinogenesis, are the cause of 
most cases of the familial adenomatous polyposis syndrome. 


Mutations in the tumor suppressor gene p53 occur in 70% of colon cancers. The p53 gene 
facilitates cell repair and initiates apoptosis (a form of programmed cell death that eliminates old, 
unnecessary, and unhealthy cells). When the p53 gene is inactivated by a mutation, apoptosis is 
not initiated and the cell may become “immortalized” and harbor abnormal DNA. Mutations in 
the p53 gene often occur late in the transformation from dysplasia to carcinoma. 
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Oncogenes 


Oncogenes promote cell growth and replication, and their normal suppression in the healthy cell 
prevents cancer; mutations of oncogenes are oncogenic. Mutations of the ras oncogene occur in 
half of the cases of sporadic colon cancer but do not appear to be a dominant molecular feature 
of hereditary cancers. Other oncogenes are involved in the development of colon cancer (Table 
33). 


Table 33. Genetics of Colon Cancer 


Gene Function Affected Gene Clinical Manifestation 

Tumor suppressor genes APC FAP, AFAP 

p53 Sporadic colon cancer 

DCC Non-syndromic familial colon cancer” 
Oncogenes myc Sporadic colon cancer 

ras 

STC 

erbB2 
Mismatch repair genes MLHI HNPCC 


MLH3 Sporadic colon cancer 


MSH2 
MSH6 
PMS1 
PMS2 
Base excision repair genes MYH FAP, AFAP—autosomal recessive inheritance 


APC = Adenomatous polyposis coli; DCC = Deleted in colon cancer; FAP = Familial 
adenomatous polyposis; AFAP = Attenuated FAP; HNPCC = Hereditary nonpolyposis colon 
cancer. 


“A mutation of the APC gene that does not result in altered structure of the gene product but 
predisposes to other sporadic mutations occurs in Ashkenazi Jews. 
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Mismatch Repair Genes and Base Excision Repair Genes 


Mismatch repair genes assist in the repair of errors in DNA that occur during replication. When 
these genes are defective, small abnormal sequences of DNA called microsatellites are inserted 
into the genetic code, resulting in microsatellite instability, which predisposes the cell to 
malignant transformation. Mutations of mismatch repair genes are implicated as the primary 
aberration in hereditary nonpolyposis colorectal cancer but are also present in 15% of sporadic 
colon cancers. The adenoma-to-carcinoma sequence is markedly accelerated in cancers that 
result from mutations to mismatch repair genes. Base excision repair genes function to remove 
DNA damaged from the byproducts of cellular metabolism, such as oxidative damage from 
reactive oxygen species. Mutations of base excision repair genes play a role in familial 
adenomatous polyposis that is inherited in an autosomal recessive pattern. 
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Epidemiology and Risk Factors of Colonic Neoplasia 


One in twenty persons in the United States will develop colorectal cancer in their lifetime. In 
2007 more than 140,000 new cases of colorectal cancer were diagnosed in the United States, 
making it the third most common cancer diagnosis in both men (behind prostate and lung) and 
women (behind breast and lung). Colon cancer is also the third most common cause of cancer 
death in both sexes despite the decline in colon cancer-related mortality over the past decade. 
Almost 40% of patients diagnosed with colorectal cancer die of the disease. Colon cancer affects 
men and women equally and occurs in all ethnic groups, although the incidence is greater in 
black Americans than in other populations. Moreover, black Americans have more advanced 
clinical stage at diagnosis and a worse overall prognosis than other ethnic groups. 
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Environmental Factors 


Various dietary and environmental factors have been shown to affect the development of 
colorectal cancer. Diets rich in fruits, vegetables, and dietary fiber have been associated with 
fewer colon cancers, as have diets that are low in fat and red meat. High intake of calcium, 
folate, and selenium has also been associated with a decreased overall risk. The biologic 
rationale for these findings is postulated as decreased exposure of the colonic epithelium to 
carcinogenic factors and mitigation of the carcinogenic potential of luminal carcinogens. Despite 
the convincing epidemiologic data, trials designed to reduce colon cancer risk through dietary 
modification have yielded disappointing results. 


Obesity and a sedentary lifestyle have been associated with the development of adenomas and an 
increased risk for colorectal cancer. Obesity also reduces survival in patients diagnosed with 
colon cancer. Smoking and alcohol use have both been consistently found to be associated with 
the development of colon adenomas and cancer and to adversely affect survival. 
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Hereditary Colon Cancer Syndromes 


e Familial Adenomatous Polyposis 
e Attenuated Familial Adenomatous Polyposis 


e Hereditary Nonpolyposis Colorectal Cancer 
e Peutz-Jeghers Syndrome and Juvenile Polyposis Syndrome 
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Familial Adenomatous Polyposis 


Less than 1% of all cases of colon cancer are due to familial adenomatous polyposis, which is a 
condition transmitted in an autosomal dominant fashion and characterized by the presence of 
hundreds to thousands of adenomatous polyps and the inevitable development of colon cancer. 
The colonic manifestation of florid polyposis is most often due to a germline mutation in the 
APC gene. Less commonly, polyposis results from biallelic mutations of the MYH gene with a 
recessive pattern of transmission. Mutations are detectable in 70% of patients; polyps typically 
develop during the teenage years, and cancer develops between age 30 and 50 years. In addition 
to the polyposis, various benign and malignant extracolonic manifestations occur in affected 
kindreds (Table 34). The next most common site of cancer in these patients is the periampullary 
region of the duodenum, and screening protocols include evaluation of the upper and lower 
gastrointestinal tract. 


Table 34. Extracolonic Manifestations of Familial 
Adenomatous Polyposis 


Benign 

Mandibular osteomas 
Supernumerary teeth 

Congenital hypertrophy of the retinal pigment epithelium 
Desmoid tumors 

Epidermoid and sebaceous cysts 
Gastric polyps 
Premalignant/Malignant 
Small-bowel adenomas and cancer 
Thyroid cancer 

Gastric cancer 

Central nervous system tumors 
Biliary cancer 
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Attenuated Familial Adenomatous Polyposis 


In attenuated familial adenomatous polyposis, 10 to 100 adenomas develop, and the polyps and 
cancer develop about 10 years later than in the classic form of familial adenomatous polyposis. 
The attenuated form most commonly is the result of mutations in the 3' or 5' end of the APC 
gene, although biallelic MYH mutations also result in this phenotype. The extracolonic 
manifestations of the classic form also occur in patients with the attenuated form, and are present 
in those with both APC and MYH mutations. 
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Hereditary Nonpolyposis Colorectal Cancer 


Hereditary nonpolyposis colorectal cancer (HNPCC, also known as Lynch syndrome) is an 
autosomal dominant syndrome that carries an 80% lifetime risk for colon cancer. HNPCC is the 
most common of the hereditary colon cancer syndromes, accounting for 2% to 3% of all 
colorectal adenocarcinomas. Mutations in MLH/ and MSH2 mismatch repair genes are the most 
commonly detected genetic abnormality. HNPCC-associated cancer generally becomes clinically 
apparent in patients with fewer than 10 adenomas, and although cancer may occur at an early 
age, it generally develops after age 50 years. The cancers tend to occur in the right side of the 


colon and have a mucinous histopathology with infiltrating lymphocytes. The pathophysiology 
through the mismatch repair gene pathway is an accelerated adenoma-to-carcinoma sequence, 
with cancer often occurring within a few years of a colonoscopy during which all polyps were 
removed. HNPCC-associated extracolonic cancers include uterine cancer (40% to 60% lifetime 
risk) and ovarian cancer (10% to 12% lifetime risk). Cancers of the small bowel, stomach, 
pancreas, renal pelvis, and ureter also occur in association with HNPCC and may occur in 
affected kindreds even in the absence of colon cancer. 
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Peutz-Jeghers Syndrome and Juvenile Polyposis Syndrome 


The Peutz-Jeghers syndrome is a rare autosomal dominant hereditary condition that consists of 
polyposis of the colon and small bowel. The polyps are predominantly hamartomas, although 
they may undergo malignant transformation, and affected persons have an 80-fold increased risk 
for colon cancer over the general population. The genetic abnormality occurs as a germline 
mutation in the STK// gene. Patients may be readily identified by the classic perioral 
pigmentation, although the typical presentation consists of bleeding and abdominal pain from 
large polyps. Extracolonic tumors of the breast, pancreas, ovaries, and lung occur at an increased 
rate. 


Juvenile polyposis syndrome is an autosomal dominant condition with hamartomatous polyps 
occurring most often in the distal colon, accompanied by congenital malformations of the 
gastrointestinal tract, genitourinary system, and heart. Germline mutations of the SMAD4 gene 


are implicated in this syndrome. The lifetime colon cancer risk in juvenile polyposis syndrome is 
approximately 70%. 
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Diagnosis and Management of Patients at Increased Risk for 
Colon Cancer 


e Genetic Testing 
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Genetic Testing 


Patients who may have a hereditary cancer syndrome include those with more than the expected 
number of cancers in their family, those with cancer at an earlier age than anticipated, and those 
with endoscopically detected multiple polyps. Evaluation of such patients should be performed 


under the guidance of a genetic counselor who can evaluate the many implications of both 
positive and negative results (especially a negative result in an at-risk person) and address the 
personal, social, and financial aspects of genetic testing. If a family carries a defined genetic 
mutation and an at-risk family member tests negative for the mutation, it is likely that the tested 
person does not carry the mutation and will not develop the disease. However, a negative test is 
not helpful if the genetic mutation in the family is unknown. In this case the test is not 
informative and the patient must be treated as if he or she remains at risk for the syndrome. 
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Adenomatous Polyposis 


Familial adenomatous polyposis and attenuated familial adenomatous polyposis are most 
commonly diagnosed after polyposis is detected on endoscopy. The endoscopy may be 
performed due to a suggestive family history or because of bleeding or abdominal pain. 
Commercial testing for mutations in the APC gene is available. If an APC mutation is not 
detected, then testing for MYH should be performed. In 30% of cases, a genetic mutation will not 
be detected in patients with polyposis. 


Management for patients with familial adenomatous polyposis and for at-risk persons includes 
annual flexible sigmoidoscopy beginning as early as age 10 to 12 years. Colectomy should be 
considered when polyposis is detected, although because the mean age of the onset of cancer in 
these patients is 40 years, decisions may be individualized. In patients with attenuated familial 
adenomatous polyposis, annual complete colonoscopy is required because polyps may only be 
present in the proximal colon. Many patients can be managed with endoscopic polypectomy 
rather than with surgery, but surgery is recommended if the polyp burden cannot be managed at 
colonoscopy. Upper endoscopy is performed initially between ages 25 and 30 years and at 1- to 
3-year intervals thereafter. 
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Hereditary Nonpolyposis Colorectal Cancer 


Most patients with HNPCC are identified from their medical history. The diagnosis should be 
suspected in persons who have multiple family members with cancers of the colon, endometrium 
and ovaries, small bowel, ureter, renal pelvis, and pancreaticobiliary system. The Amsterdam II 
clinical criteria for HNPCC use the 3-2-1 rule: three relatives with an HNPCC-associated cancer, 
two generations affected, one person diagnosed before age 50 years. The Amsterdam criteria are 
not sensitive enough to detect many affected families, and, therefore, they were expanded in the 
form of the Bethesda criteria (Table 35). A decision procedure for testing persons in whom 
HNPCC is suspected is shown in Figure 26. 


Management of patients with HNPCC or those who are considered at risk for the disease consists 
of colonoscopy every 1 to 2 years beginning at age 20 to 25 years or 10 years before the age at 
diagnosis of the youngest family member diagnosed with colon cancer. Annual colonoscopy is 
recommended after age 40 years. The risk for gynecologic malignancies is greatly reduced in 
affected women who undergo prophylactic hysterectomy and salpingo-oophorectomy, and many 
physicians advocate surgery for women who no longer wish to bear children. Women who do not 
choose prophylactic surgery should have a pelvic examination with endometrial sampling, 
transvaginal ultrasonography, and measurement of serum CA-125 every 1 to 2 years from age 30 
years. Screening for urinary tract cancers with urine cytology and renal ultrasonography should 
also be performed every 1 to 2 years beginning at age 30 years. 


HNPCC suspected. Is tumor tissue 
available for testing? (can use 
fresh, frozen, and even remotely 
archived paraffin tissue) 


Offer genetic testing for Perform MSI tumor testing 
MLH1, MSH2 and maybe and staining for MLH1, 
MSH6. Is mutation found? MSH2, and MSH6 proteins 


No 


1 Does result show defective 
mismatch repair in the tumor 
Diagnosis confirmed. {high level of MSI and/or loss 
Advise HNPCC screening of expression of one of 
for family. Predictive testing proteins)? 


Diagnosis not confirmed 
and this result does not rule 
out HNPCC. Advise HNPCC 
screening for family if 
pedigree strongly suggestive, 
though there is no confirmation 


can be offered to relatives 


of diagnosis. Predictive testing Yes 
cannot be offered to relatives. 4 
Results Not consistent 
consistent with with HNPCC. No 


HNPCC. genetic testing 
warranted. 


I 


Offer genetic testing for 
one gene, guided by the 
immunostain results. 
Mutation found? 


Full HNPCC screening 
not advised for family. 
Customize recommendations 
based on family history. 


Advise HNPCC screening Advise HNPCC screening: 
with confidence that this can offer predictive testing 


family has HNPCC; cannot to relatives to determine 
distinguish carriers from who is at risk 
non-carriers until mutation 
found 


Figure 26. Testing for hereditary nonpolyposis colorectal 
cancer. 


HNPCC = hereditary nonpolyposis colorectal cancer; MLH1 = MLH1 gene; MSH2 = MSH2 
gene; MSH6 = MSH6 gene; MSI = microsatellite instability. 


Adapted from Lindor NM. Recognition of genetic syndromes in families with suspected 
hereditary colon cancer syndromes. Clin Gastroenterol Hepatol. 2004;2:366-375. [PMID: 
15118973] Copyright 2004, with permission from Elsevier. 


Table 35. Clinical Criteria for Hereditary Nonpolyposis 
Colon Cancer 


Amsterdam II Criteria 

At least three relatives affected with an HNPCC-associated cancer? 

One affected member is the first-degree relative of the other two 

Two or more successive generations are affected 

One or more affected relatives is diagnosed with colon cancer at age <50 years 
Familial adenomatous polyposis is excluded 

Tumors are verified by pathologic examination 

Modified Bethesda Guidelines” 

Individuals with cancer in families that meet the Amsterdam Criteria 
Individuals with two HNPCC-related cancers regardless of age“ 
Individuals with CRC or endometrial cancer diagnosed at age <50 years 


Individuals with CRC and a first-degree relative with CRC or HNPCC-related extracolonic 
cancer or adenoma; one of the cancers diagnosed at age <50 years or adenoma diagnosed at age 
<40 years 


Individuals with histology consistent with microsatellite instability at age <60 years 
Individuals with adenomas diagnosed at age <40 years 


HNPCC = hereditary nonpolyposis colorectal cancer; CRC = colorectal cancer. 


“HNPCC-associated cancers include cancers of the colorectum, endometrium, small bowel, renal 
pelvis, and ureter. 


Bethesda Guidelines are for identifying persons who should undergo testing for microsatellite 
instability. 


“Bethesda Guidelines include hepatobiliary cancers and cancer of the ovaries, brain, and stomach 
in addition to those in the Amsterdam criteria. Synchronous or metachronous colorectal cancer 
are considered a second HNPCC-associated cancer. 
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Inflammatory Bowel Disease 


Patients with ulcerative colitis and Crohn disease have an increased risk for colon cancer, a risk 
that increases with increased duration of disease, the extent of colonic involvement, and the 
coexistence of sclerosing cholangitis. The annual cancer risk is estimated to be 1% to 2% per 
year after 8 years of disease, and, therefore, colonoscopic surveillance should be started in 
patients who have had inflammatory bowel disease for 8 years or longer. For patients with 
inflammation limited to the left colon, recommendations vary, with some authorities initiating 
surveillance after 15 years' duration of disease. If dysplasia is detected on biopsy in a patient 
with colitis, the risk for colon cancer is markedly increased even at sites distant from the site of 
biopsy; colectomy should, therefore, be considered even in the absence of a preoperative cancer 
diagnosis. 
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Other Predisposing Conditions 


Other conditions that increase the risk for colorectal cancer include a history of radiation injury 
to the colon, acromegaly, and urinary diversion with implantation of the ureters into the colon. 

Patients with these conditions should have an accelerated surveillance program, although there 
are no uniform surveillance guidelines for such patients. 
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Screening and Surveillance for Colonic Neoplasia 


Assessing a person's risk for colon cancer is central to formulating an appropriate screening and 
surveillance protocol. There has been a decrease in the incidence of colorectal cancer over the 
past 10 years, a fact that may be a result of screening and surveillance. Guidelines for screening 
have been issued by various professional organizations independently or as part of the United 
States Preventive Services Task Force. The guidelines include various screening modalities, and 
the choice of test for an individual patient should be based on a discussion between physician 
and patient on the risks and benefits to the patient. The likelihood of patient compliance with 
follow-up of a positive screening test as well as surveillance testing must be factored into the 
decision. 
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Average-Risk Patients 


Persons at average risk for colorectal cancer include those with no personal or family history of 
colon adenoma or cancer who do not have a condition that predisposes them to cancer. Screening 
in this population should be started at age 50 years, with surveillance intervals depending upon 
the screening modality. 
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Nonsyndromic Family History 


A family history of colon cancer or adenomatous polyps significantly increases a person‘‘s risk 
for colon cancer; up to 30% of those screened have such a history. The magnitude of risk 
depends on whether the affected family member is a first-degree relative (parent, sibling, child) 
or second-degree relative (grandparent, aunt, uncle), the number of affected family members, and 
their age at onset of disease. The presence of colon cancer in a first-degree relative carries a two- 
to threefold increased lifetime risk over the general population; that risk is doubled again if the 
affected relative was diagnosed before age 45 years. If two first-degree relatives have colon 
cancer, the colon cancer risk approaches 20%. Therefore, physicians should ask their patients 
about the presence of a first-degree relative with colon cancer and age of onset of the cancer. For 
persons with a family history of colorectal cancer in a first-degree relative, screening is initiated 
either at age 40 years or beginning 10 years earlier than the diagnosis of the youngest affected 
family member (Table 36). 


Table 36. Screening Recommendations for Patients with a 
Family History of Colorectal Cancer or Adenomatous 
Polyps 


Patient Category Screening Surveillance 
First-degree relative(s) with Colonoscopy at age 40 or 10 years If normal, repeat every 
colorectal cancer diagnosed at younger than affected relative 3-5 years 
age <60 years (whichever is younger) 

First-degree relative(s) with Colonoscopy at age 40 years If normal, repeat every 
colorectal cancer diagnosed at 10 years 

>60 years 

First-degree relative(s) with Colonoscopy at age 40 years or 10 If normal, repeat every 5 


adenomatous polyp <60 years years younger than affected relative years 


First-degree relative with Colonoscopy beginning at age 40 Individualized; if 
adenomatous polyp >60 years years normal,same as average 


risk 
Second- or third degree relative Colonoscopy as average-risk persons If normal, same as 
with cancer or polyps average risk 


Reprinted from Davila RE, Rajan E, Baron TH, et al. ASGE guideline: the role of endoscopy in 
the surveillance of premalignant conditions of the upper GI tract. Gastrointestinal Endoscopy. 
2006;63:546-57. [PMID: 16564854] Copyright 2006, with permission from Elsevier. 
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Screening Tests 


Screening for colorectal cancer is cost effective and well tolerated; it also saves lives. Screening 
is feasible because the 10 to 15 years needed for a polyp to develop into cancer are sufficient 
time to detect and remove an adenoma. Most screening strategies result in cost-effectiveness 
ratios of $10,000 to $25,000 per year of life saved, although a dominant cost-effectiveness 
strategy has not emerged across studies. 
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Fecal Occult Blood Test 


When performed correctly, fecal occult blood testing (FOBT) is an effective screen for colorectal 
cancer; proper performance requires a dedicated physician and a motivated patient. The test is 
inexpensive, noninvasive, generally acceptable to patients, and can detect bleeding anywhere in 
the colon. Occult blood is detected by either a guaiac-based test (g FOBT) or fecal 
immunochemical test (FIT). gFOBT testing detects hemoglobin by a peroxidase reaction; the 
procedure requires annual testing, that two samples be collected from each of three 
spontaneously passed stools, and that diets be modified during the testing period to avoid aspirin, 
red meat, and certain fruits and vegetables. Performed correctly, gFOBT has been shown to 
reduce colorectal cancer-related mortality by 33%. FIT detects human globin and is more 
specific than gFOBT. FIT requires fewer precollection restrictions and in some cases the need 
for fewer samples, thereby improving patient compliance. The amount of reduction in colorectal 
cancer-related mortality with FIT is not known. The U.S. Multi-Society Task Force on 
Colorectal Cancer recommends annual stool testing with either gFOBT or FIT for colorectal 
cancer screening. 


At present one third of primary care physicians report the use of a digital rectal examination as 
the principal means of obtaining the stool sample, a practice that reduces the efficacy of FOBT 
five-fold. Moreover, only 52% of physicians recommend colonoscopy in patients in whom blood 
is detected on FOBT. 
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Flexible Sigmoidoscopy 


Endoscopic screening of the distal colon decreases colon cancer diagnoses in the screened 
colonic segment and decreases colorectal cancer-related mortality by 45%. Advanced adenomas 
(=1 cm in diameter, villous histology, high-grade dysplasia or cancer) are detected three times 
more often by sigmoidoscopy than by fecal occult blood testing. Combined occult blood testing 
and sigmoidoscopy modestly increases the detection rate from 70% to 76%. Small polyps 
detected during sigmoidoscopy can be biopsied or removed safely with a snare without cautery. 
Cautery should be avoided in the uncleansed colon because of the possibility of colonic rupture. 
Removing large polyps requires a colonic preparation and snare polypectomy. If a polyp 
removed during sigmoidoscopy is found to be an adenoma, complete colonoscopy is required. 
Factors at sigmoidoscopy that are associated with finding advanced adenomas on follow-up 
colonoscopy include multiple adenomas, adenomas >1 cm, patient age >65 years, and villous 
adenomas. 


Guidelines from professional societies recommend that sigmoidoscopy be performed at 5-year 
intervals if no adenomas are detected. Sigmoidoscopy is well tolerated and does not require 
sedation. There are fewer complications from sigmoidoscopy than from colonoscopy, although 
bleeding and perforation can occur. 
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Colonoscopy 


Colonoscopy is both a diagnostic and therapeutic procedure that evaluates the entire colon and 
allows biopsy and/or polypectomy. The National Polyp Study found that colonoscopy reduced 
the incidence of colorectal cancer by 76% to 90% when compared to control populations. 
European studies show a similar effect, with a 66% to 80% reduction in colorectal cancer 
incidence. There have been no randomized controlled trials of colonoscopy in the reduction of 
colorectal cancer-related mortality; however, extrapolation of sigmoidoscopy and fecal occult 
blood testing data would support endoscopic polypectomy throughout the colon as an effective 
means of reducing colorectal cancer-related deaths. Half of patients with advanced adenomas of 
the proximal colon that are detectable on colonoscopy do not have polyps within the reach of a 
sigmoidoscope. If an adenoma is detected on colonoscopy, the patient is most likely to benefit 
from an accelerated surveillance program. If a high-quality colonoscopy yields normal results, 
there is no need for another colonoscopic surveillance for 10 years. 


Colonoscopy is generally well tolerated, the primary source of discomfort being the colon 
preparation. Colonoscopy is not acceptable to all persons, thereby decreasing adherence rates and 
disproportionately so in women and ethnic minorities. Complications include bleeding (0.20%) 
and perforation (0.02%) and are not inconsequential. The miss rate for polyps >1 cm is 6% to 


11%. Nevertheless, colonoscopy is the preferred screening modality by most U.S. physicians and 
medical societies. 
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Double-Contrast Barium Enema 


The most recent recommendations from the U.S. Multi-Society Task Force and the National 
Comprehensive Cancer Network include double-contrast barium enema among the options for 
colorectal cancer screening. However, the U.S. Preventive Services Task Force no longer lists 
barium enema amongst the screening options. Double-contrast barium enema has not been 
shown to reduce the incidence of colorectal cancer or cancer-related mortality. The rate of 
detection of both small and large polyps is half that of colonoscopy, and the cancer detection rate 
is 83% compared with 95% for colonoscopy. The current role of double-contrast barium enema 
is limited to the patient in whom a complete examination of the colon is desired but cannot be 
performed by other methods. 
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CT Colonography 


CT colonography (virtual colonoscopy) is an emerging modality for colorectal cancer screening 
and has been endorsed by the U.S. Multi-Society Task Force as an acceptable mode of screening. 
The optimal procedure requires a bowel preparation similar to that for colonoscopy, insertion of 
a rectal tube and insufflation to establish pneumocolon. Scanning is then performed supine, and 
the procedure repeated in the prone position. Sensitivity for polyp detection by CT colonography 
is extremely variable. The sensitivity of CT colonography for polyps <5 mm varies from 30% to 
60% whereas the range for lesions >1 cm is 60% to 95%. These data reflect variation in 
technique, scanner technology, and operators and readers. 


Concerns unique to CT colonography include radiation exposure, the relevance of small lesions, 
surveillance intervals, and how to address incidental findings. The radiation exposure of a single 
examination is low; however, such exposure would result in a radiation-induced tumor in 1 in 
714 persons, and the exposure increases with subsequent examinations. A consensus group of 
radiologists states that polyps <5 mm need not be reported; however, the ethical and medical 
implications of this proposal must be considered as multiplicity of polyps irrespective of size is a 
strong predictor of advanced neoplasia. 


The recent recommendations for CT colonography include a 5-year surveillance interval. 
However, reimbursement for the test is low, and there are many concerns regarding 
standardization of the tests and results reporting. The choice of CT colonography as a primary 
screening modality must be individualized and consider patient preferences and burdens and 


local expertise. CT colonography is most useful when colonoscopy is either not feasible or 
contraindicated and structural colonic imaging is required. 
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Fecal DNA Testing 


Exfoliation of DNA is a constant event within the colon. This DNA can be recovered from the 
stool and analyzed for a panel of molecular aberrations linked with colorectal neoplasia. Stool 
DNA testing requires submission of a single stool sample in its entirety. The sensitivity of fecal 
DNA for detecting advanced adenomas ranges widely. In a study of more than 2500 persons 
comparing fecal DNA to FOBT, fecal DNA testing was superior in detecting advanced adenoma 
(18% vs. 11%) and cancer (52% vs. 13%). Sensitivity of fecal DNA testing has been reported to 
be as high as 91%. There are no studies demonstrating a reduction in colorectal cancer-related 
mortality. The panel of molecular abnormalities continues to be refined, and studies are ongoing 
to optimize yield and clinical efficacy. Fecal DNA testing has recently been endorsed as an 
option for screening for colorectal neoplasia; however, the surveillance interval after initial 
screening remains unknown. 
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Surveillance of Patients with Colon Polyps or Cancer 


e Colon Polyps 
e Colon Cancer 
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Colon Polyps 


The surveillance interval after colonoscopic polypectomy depends on the location, size, number, 
and histology of the removed polyps, along with the personal risk assessment of the patient. 
Surveillance should be done with colonoscopy. Surveillance reduces the incidence and disease- 
related mortality of colorectal cancer, and the positive predictive value of other strategies is 
unacceptably low. Factors associated with advanced adenomas and cancers on subsequent 
colonoscopy include adenomas >1 cm, three or more polyps detected in a single colonoscopy, 
villous histology, and advanced dysplasia. Although hyperplastic polyps are not a risk factor for 
colorectal cancer, serrated adenomas (which have a unique histologic architecture) are associated 
with dysplasia and colorectal cancer and affected patients are at risk for cancer (Table 37). 
Hyperplastic polyposis syndrome is defined by the World Health Organization as: (1) at least 
five histologically diagnosed hyperplastic polyps proximal to the sigmoid colon, of which two 
are greater than | cm in diameter; or (2) any number of hyperplastic polyps occurring proximal 


to the sigmoid colon in an individual who has a first-degree relative with hyperplastic polyposis; 
or (3) greater than 30 hyperplastic polyps of any size distributed throughout the colon. 


When cancers occur after colonoscopy, they tend to be smaller and to occur at sites of previous 
polypectomy as well as in the proximal colon. Therefore, follow-up surveillance must be 
performed carefully because these cancers tend to be smaller than cancers detected at a single 
colonoscopy. 


Table 37. Post-Polypectomy Surveillance Recommendations 
of the US Multi-Society Task Force on Colorectal Cancer 
and the American Cancer Society 


1. Patients with small rectal hyperplastic polyps should be considered to have normal 
colonoscopies, and therefore the interval before the subsequent colonoscopy should be 10 years. 
An exception is patients with a hyperplastic polyposis syndrome. 


2. Patients with only one or two small (<1 cm) tubular adenomas with only low-grade 
dysplasia should have their next follow-up colonoscopy in 5 to 10 years. 


3. Patients with 3 to 10 adenomas, or any adenoma >1 cm, or any adenoma with villous 
features, or high-grade dysplasia should have their next follow-up colonoscopy in 3 years 
providing that piecemeal removal has not been done and the adenoma(s) are completely 
removed. If the follow-up colonoscopy is normal or shows only one or two small tubular 
adenomas with low-grade dysplasia, then the interval for the subsequent examination should be 5 
years. 

4. Patients who have more than 10 adenomas at one examination should be examined at a 
shorter (<3 years) interval established by clinical judgment, and the clinician should consider the 
possibility of an underlying familial syndrome. 


5. Patients with sessile adenomas that are removed piecemeal should be considered for follow 
up at short intervals (2 to 6 months) to verify complete removal. Once complete removal has 
been established, subsequent surveillance needs to be individualized based on the judgment of 
the endoscopist. Completeness of removal should be based on both endoscopic and pathologic 
assessments. 


6. More intensive surveillance is indicated when the family history may indicate hereditary 
nonpolyposis colorectal cancer. 


Adapted from Winawer SJ, Zauber AG, Fletcher RH, et al. Guidelines for colonoscopy 
surveillance after polypectomy: a consensus update by the US Multi-Society Task Force on 
Colorectal Cancer and the American Cancer Society. CA: A Cancer Journal for Clinicians. 
2006;56:143-59. [PMID: 16737947]. Copyright 2006, American Cancer Society. Reproduced 
with permission from John Wiley & Sons. 
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Colon Cancer 


After colon cancer is diagnosed, a perioperative complete colonic evaluation, either before 
resection or 3 to 6 months thereafter, is required. CT colonography is useful in the case of 
obstructing cancers to evaluate the rest of the colon before surgery. Surveillance of the colon is 
recommended at 1, 3, and 5 years after the perioperative colonoscopy if no new lesions are 
detected. If adenomas or cancers are detected during postresection surveillance, shorter intervals 
between evaluations may be needed, and the patient may have to be evaluated for a familial 
colon cancer syndrome. In the case of a low-anterior resection for rectal cancer, 
proctosigmoidoscopy is recommended every 3 to 6 months for up to 3 years in addition to 
colonoscopy. 


Surveillance for patients with colon cancer must include strategies for detecting local recurrence 
as well as distant metastases, particularly for patients with advanced disease. Intensive 
surveillance strategies require a combination of a patient history and physical examination, blood 
tests including measurement of serum carcinoembryonic antigen, and periodic CT scans. 
Intensive surveillance improves disease-free survival and may detect recurrent or metastatic 
disease when therapeutic and even curative interventions are possible. 
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Clinical Presentation of Colonic Neoplasia 


Colon adenomas are usually discovered incidentally. The strongest predictor of finding an 
adenoma on index colonoscopy is the presence of blood in the stool. Adenomas are less 
commonly found when the indication for colonoscopy is abdominal pain, changes in bowel 
function, or weight loss. Abdominal pain, bleeding, and altered bowel habits are the most 
common presenting symptoms of colon cancer; less common are anemia and weight loss. Colon 
cancer may present with local invasion and fistula formation or unexplained intra-abdominal 
abscess, resulting in a clinical picture similar to that of complicated diverticulitis. Patients with 
diverticulitis should undergo colonoscopy after the acute inflammation resolves. Bacteremia 
from Streptococcus bovis and Clostridium septicum has been associated with colon cancer and 
should prompt colonoscopy. Adenocarcinoma of unknown primary site originates from the colon 
in approximately 6% of cases. 
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Staging of Colon Cancer 


After the diagnosis of colon cancer, comprehensive staging work-up is performed; the work-up 
consists of a thorough medical history and physical examination, complete evaluation of the 
colon, and CT scan of the abdomen and pelvis. MRI is more sensitive for detecting liver 
metastases than CT, although long scanning times and availability limit the use of MRI. 


Scanning with 2-['*F] fluoro-2-deoxy-D-glucose (FDG) and positron emission tomography 
(PET) scan (the FDG-PET scan) is sensitive for detecting extrahepatic metastases but is not 
superior to CT scan for detecting spread to the liver. Many centers perform combined PET-CT, 
which offers the benefits of both tests. The most accurate procedure for locoregional staging for 
rectal cancer is endoscopic ultrasonography ( ), which provides high-resolution 
imaging and the ability to sample suspicious nodal disease. A preoperative measurement of 
serum carcinoembryonic antigen provides prognostic information and serves as a marker for 
recurrent disease. Staging most commonly follows the TNM staging of the American Joint 
Committee on Cancer ( ). 


The strongest determinant of recurrence of colorectal cancer and survival is the pathologic 
staging, which correlates with prognosis and thereby determines the need for adjuvant therapy. 
Molecular targets that can diagnose micrometastases not detected by histologic assessment will 
likely have a role in staging evaluation in the near future. At present, the 5-year survival rate for 
patients diagnosed with stage I disease exceeds 90%; however, for patients with stage IV disease, 
the survival rate is only 8%. The overall colon cancer-related mortality rate approaches 40%. 
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Figure 27. Endoscopic ultrasonography of rectal cancer. 


Endoscopic ultrasound image of a rectal cancer extending through the colonic wall to the serosa. 
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e 38. Stage Groupings for Colorectal Cancer 


AJCC Stage Groupings Tumor Node Metastasis Dukes Stage (Astler-Coller modification) 
Stage 0 Tis NO MO — 
Stage I Tl NO MO A 
T2 NO MO Bl 
Stage ITA T3 NO MO B2 
Stage IIB T4 NO MO B3 
Stage INA T1-T2 N1 MO Cl 
Stage IIB T3-T4 N1 MO C2/C3 
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Disorders of the Liver, Gallbladder, and Bile Ducts 


Approach to the Patient with Abnormal Liver Chemistry Studies 


Viral Hepatitis 
Alcohol- and Drug-Induced Liver Disease 


Autoimmune Hepatitis 
Metabolic Liver Disease 
Cholestatic Liver Disease 
Complications of Liver Disease 


Fulminant Hepatic Failure 
Liver Transplantation 


Hepatic Tumors, Cysts, and Abscesses 
Pregnancy-Related Liver Disease 


Gallstones and Acute Cholecystitis 
Biliary Tract Neoplasms 


Key Points 


Hepatitis A can rarely cause fulminant hepatic failure and almost always is self-limited. 
Chronic hepatitis B is defined by persistent viral replication 6 months after exposure. 
Treatment of chronic hepatitis B is recommended in patients with elevated viral load in 
combination with abnormal liver test results, and/or evidence of histologic inflammation 
or fibrosis. 

All patients with chronic liver disease should be vaccinated against hepatitis A and B. 
The ideal candidate for therapy is the patient with detectable virus, some indication of 
hepatic inflammation (elevated liver tests or inflammation on the biopsy), and no 
contraindication to therapy. 

Treatment regimen and length of treatment for hepatitis C depend on the genotype of the 
hepatitis C virus. 


Severe alcoholic hepatitis should be treated with corticosteroids if the calculated 
discriminant function (DF) is greater than 32 and there are no contraindications. 
Acetaminophen is the most common cause of drug-induced acute hepatic failure in the 
United States. 

Acetaminophen toxicity can occur at a lower dose in patients with concomitant 
malnutrition or alcohol use. 

Autoimmune hepatitis is more common in women and can lead to subfulminant liver 
failure. 

In most patients with autoimmune hepatitis, serum aminotransferase levels are elevated, 
ranging from mild increases in serum concentrations to values greater than 1000 U/L, 
along with hyperbilirubinemia with a normal or near-normal serum alkaline phosphatase 
level. 

Therapy for patients with autoimmune hepatitis consists of prednisone along with 
azathioprine, with the goal of reducing the prednisone dosage to the lowest effective 
dose. 

Risk factors for nonalcoholic fatty liver disease include obesity, insulin resistance, and 
hyperlipidemia. 

Treatment of nonalcoholic fatty liver disease includes weight loss, exercise, statins and 
oral hypoglycemic agents. 

Patients with abnormal liver tests should be screened for hereditary hemochromatosis 
with iron studies. 

First-degree relatives of patients with hereditary hemochromatosis should be screened 
with iron studies. 

Wilson disease should be excluded in any young patient who presents with abnormal 
liver tests or acute liver failure especially with associated neuropsychiatric 
manifestations. 

al-Antitrypsin deficiency can manifest in early childhood or in adulthood and is 
associated with an increased risk for cirrhosis and hepatocellular carcinoma. 

Primary biliary cirrhosis more commonly affects women than men and is associated with 
an elevated antimitochondrial antibody titer. 

Ursodeoxycholic acid therapy may affect long-term outcome in patients with primary 
biliary cirrhosis. 

Primary sclerosing cholangitis can be identified radiographically by the classic beads-on- 
a-string appearance of the bile ducts. 

Primary sclerosing cholangitis is commonly associated with inflammatory bowel disease, 
especially ulcerative colitis. 

There is no specific medical treatment for primary sclerosing cholangitis. 

Primary prophylaxis with nonselective B-blockers should be given to all patients with 
large varices on endoscopy and continued indefinitely after a variceal bleed. 

Esophageal band ligation is the treatment of choice for an esophageal variceal bleed; 
transjugular intrahepatic portosystemic shunt (TIPS) should be reserved for patients who 
fail to respond to endoscopic therapy. 

New-onset ascites should be evaluated by measuring ascitic fluid albumin along with cell 
count with differential, Gram stain, and culture. 

Patients with spontaneous bacterial peritonitis should receive long-term antibiotic 
therapy. 


e Development of the hepatorenal syndrome is an indication of progressive liver disease 
and is associated with a high mortality rate in the absence of liver transplantation. 

e The hepatopulmonary syndrome should be suspected in patients with cirrhosis who have 
a PaOzsub> less than 70 mm Hg or an alveolar-arterial oxygen gradient greater than 20 
mm Hg. 

e Any patient with cirrhosis is at risk for hepatocellular carcinoma and should be screened 
with ultrasonography and measurement of serum a-fetoprotein every 6 months. 

e Patients with hepatitis B virus infection can develop hepatocellular carcinoma in the 
absence of cirrhosis. 

e Any patient suspected of fulminant hepatic failure should be transferred to a liver 
transplant center. 

e Liver transplantation should be considered for any patient with advanced cirrhosis and 
evidence of clinical or biochemical decompensation. 

e Liver transplantation for disorders other than fulminant hepatic failure is based on the 
Model for End-stage Liver Disease (MELD) score. 

e Hepatic adenomas carry a risk for bleeding and malignant transformation, and therefore 
should be considered for resection. 

e Women with hepatic adenomas who are taking oral contraceptives should discontinue 
hormone treatment. 

e Focal nodular hyperplasia does not undergo malignant transformation and is not 
hormone-responsive. 

e Nonobstructing simple hepatic cysts do not require intervention. 

e Hepatic abscess is often the result of hematogenous or local spread of extrahepatic 
infection such as appendicitis or cholangitis; most hepatic abscesses require drainage. 

e Cholestasis of pregnancy is the most common and benign pregnancy-related liver disease 
presenting as pruritus and cholestasis in the late second or third trimester of pregnancy. 

e The HELLP syndrome consists of microangiopathic hemolytic anemia, elevated liver 
tests, and a low platelet count. 

e Delivery is the treatment of choice for the HELLP syndrome and acute fatty liver of 
pregnancy. 

e Any patient with complications of gallstones should be evaluated for cholecystectomy. 

e Patients with choledocholithiasis may need ERCP before cholecystectomy to decompress 
the bile duct and prevent cholangitis. 

e Gallbladder cancer has a very poor prognosis and is rarely resectable at the time of 
diagnosis. 

e Porcelain gallbladder and gallbladder polyps greater than 1 cm in diameter are risk 
factors for gallbladder cancer, and should be treated with cholecystectomy. 

e Cholangiocarcinoma carries a poor prognosis and should be suspected in patients with 
primary sclerosing cholangitis or long-term biliary abnormalities who develop new-onset 
jaundice. 
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Approach to the Patient with Abnormal Liver Chemistry 
Studies 


Up to 4% of asymptomatic persons have abnormal results on liver biochemical tests performed 
as part of general medical evaluations or screening programs. Tests that reflect liver injury 
include alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase, and bilirubin. Tests that reflect liver function include albumin and prothrombin 
time. 
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Liver Injury Test Patterns 


Hepatocellular injury most often results in an elevation of serum ALT and AST, which are 
released from injured hepatocytes. AST is also released, however, from other tissues, such as the 
heart and skeletal muscle. Therefore, elevations of ALT, which is minimally produced in 
nonhepatic tissues, are more sensitive for diagnosing liver disease. 


Cholestatic injury, which consists of lack of or abnormality in the flow of bile, is indicated by an 
elevation of serum alkaline phosphatase. Cholestasis may occur without jaundice, however, 
because of the capacity of the liver to secrete bile sufficiently, until the injury to the bile ducts is 
significant. Profound disruption of the bile secretory mechanisms is likely to result in elevation 
of the serum bilirubin and therefore jaundice. Bilirubin is measured as conjugated (direct) and 
unconjugated (indirect) fractions. In patients with cholestatic diseases leading to jaundice, 
approximately half of the bilirubin is measured as the conjugated fraction. Predominance of the 
unconjugated fraction indicates either the overproduction of bilirubin (as occurs in hemolysis) or 
impairment of bilirubin conjugation. The latter situations are not uncommon, given the 5% 
prevalence of Gilbert syndrome in the general population. This benign syndrome, also known as 
constitutional hepatic dysfunction and familial nonhemolytic jaundice, is characterized by total 
bilirubin concentrations up to 3.0 mg/dL (51.3 mmol/L) resulting from a reduced expression of 
the enzyme that conjugates bilirubin. 
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Liver Function Tests 


Measurement of the serum albumin and prothrombin time (or INR) reflects the liver“s synthetic 
capacity. Reduction in the albumin concentration may indicate significant hepatic dysfunction. 
Similarly, elevation in the prothrombin time may indicate impaired hepatic production of clotting 
factors; however, these parameters may also be elevated in the setting of vitamin K deficiency, 
such as in malnutrition or malabsorption. 
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Clinical Approach to Abnormal Liver Studies 


In the patient without known liver disease, elevated liver test results must be interpreted in the 
context of the clinical presentation and the pattern, degree, and duration of the biochemical 
abnormalities. A diagnosis of hepatitis requires further characterization to determine whether the 
injury is hepatocellular or cholestatic and its severity. Next, it is important to determine whether 
the patient has symptoms of liver disease, which may be constitutional, such as malaise, 
listlessness, weight loss, and nausea or, more specific, such as jaundice or right upper quadrant 
pain. The duration of liver test abnormalities can be determined through the patients history and 
laboratory records: disorders present for less than 6 months are considered acute forms of 
hepatitis (Table 39); the disease is considered a form of chronic hepatitis when it has been 
present for greater than 6 months (Table 40). Cholestatic liver diseases are shown in Table 41. 


Table 39. Characteristics of Acute Hepatitis 


Liver 
Enzyme 
Pattern 
Disease ALT AST Historical Features Diagnostic Evaluation 

Viral ttt Tt Fecal oral exposure IgM antibodies to hepatitis A (IgM 

hepatitis A anti-HAV) 

Viral Tit TT Blood/body fluid exposure IgM antibodies to hepatitis B core 

hepatitis B antigen (IgM anti-HBc) and to 
hepatitis B surface antigen 
(HBsAg) 

Viral TT T Recent intravenous drug use Hepatitis C RNA (HCV RNA); 

hepatitis C variable presence of antibody to 
hepatitis C (anti-HCV) within the 
first 3 months after exposure 

Alcoholic 7 IT Heavy alcohol use, either binge Absence of other diagnostic 

hepatitis or chronic markers of liver disease; 
improvement with cessation of 
alcohol use; ratio of AST:ALT >2, 
AST usually <500 

Drug- Tt Ti History of drug/medication use Absence of other diagnostic 

induced within 3 months, often of a drug markers of liver disease 

hepatitis previously associated with liver 

injury 
Fatty liver, ft tft Late pregnancy, amiodarone History of medication use, absence 
nonalcohol of other diagnostic markers of liver 


disease 


Ischemic 
hepatitis 


Acute liver 
failure 


ttt? ttt? Severe hypotension 


Absence of other diagnostic 
markers of liver disease; rapid 
improvement with resolution of 
hypotension 


Tit. Ingestion of an associated agent; Signs of impaired hepatic synthetic 
rapid progression from jaundice function 


to encephalopathy (within 12-24 


weeks) 


ALT = alanine aminotransferase; AST = aspartate aminotransferase. 


Table 40. Characteristics of Chronic Hepatitis 


Liver 
Enzyme 
Pattern 
Disease ALT AST Historical Features Diagnostic Findings 
Viral hepatitis B 1f T Fecal oral exposure, born in an HBsAg; may have 
endemic area hepatitis B DNA (HBV 
DNA) 
Viral hepatitis C ff T Intravenous drug use, blood Anti-HCV, HCV RNA 
transfusion prior to 1992, born to an 
infected mother, other parenteral 
exposures 
Fatty liver, Ti T Presence of metabolic syndrome Absence of other 
nonalcohol (obesity, insulin resistance, diagnostic markers of liver 
hypertriglyceridemia) disease; hepatic imaging 
shows fat 
Alcoholic liver T Tt Remote history of heavy alcohol Absence of other 
disease use diagnostic markers of liver 
disease 
Autoimmune Tt T More common in women Positive autoantibodies, 
hepatitis including antinuclear and 
anti-smooth-muscle 
antibodies 
Hemochromatosis_ 7 T Arthritis, diabetes, family history Elevated ferritin (>1000) 
and iron saturation 
(>55%), presence of HFE 
gene mutations 
Wilson disease TT tt Young, movement disorders, Hemolysis, low alkaline 
psychiatric disease, Kayser- phosphatase, low 
Fleischer rings ceruloplasmin 


al-Antitrypsin T T Lung disease 


Low serum A1AT, liver 


deficiency biopsy 


ALT = alanine aminotransferase; AST = aspartate aminotransferase; HBsAg = hepatitis B 
surface antigen; Anti-HCV = antibody to hepatitis C virus; ALAT = a1-antitrypsin. 


Table 41. Characteristics of Cholestatic Liver Diseases 


Liver 
Biochemistry 
Pattern 
Disease AP TBili Historical Features Diagnostic Evaluation 
Primary biliary ft T More common in women, fatigue, Antimitochondrial 
cirrhosis pruritus antibodies present in 95%, 
liver biopsy 

Primary TT | More common in men, history of Cholangiography 
sclerosing inflammatory bowel disease 
cholangitis 
Large bile duct Tt T Pain and fever Cholangiography 
obstruction 
Drug-induced ft ji History of drug/medication use Improvement with 
cholestasis within 3 months, often of a drug cessation 

previously associated with liver 

injury 
Infiltrative TT CT, MRI, liver biopsy 


liver disease 


AP = alkaline phosphatase; TBili = total bilirubin. 
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Viral Hepatitis 


Hepatitis A Virus 
Hepatitis B Virus 
Hepatitis C 
Hepatitis D 
Hepatitis E 
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Hepatitis A Virus 


Hepatitis A virus (HAV) causes approximately half of the cases of acute hepatitis in the United 
States. Most patients who contract hepatitis A develop a clinical syndrome consisting of malaise, 
jaundice, and such nonspecific gastrointestinal symptoms as nausea and poor appetite. The 
typical incubation period is 2 to 3 weeks. The major routes of infection include ingestion of 
contaminated food or water and close contact with an infected person. Persons at high risk for 
acquisition of hepatitis A include men who have sex with men and those who travel to areas of 
the world where hepatitis A infection is endemic. 


The diagnosis of acute hepatitis A depends on detecting an IgM antibody to hepatitis A virus 
(IgM anti-HAV), which is the earliest marker of infection, arising at the onset of symptomatic 
illness and becoming undetectable by 6 months; thereafter, IgG anti- HAV becomes detectable. 
The IgG antibody indicates prior infection and immunity; there is no chronic state of hepatitis A 
infection. 


Prevention of hepatitis A infection consists of judicious use of hepatitis A immune globulin and 
the hepatitis A vaccine. Immune globulin and the vaccine should be given to all nonimmune 
contacts within 2 weeks of exposure to an infected person. In addition, persons at high risk and 
those with chronic liver disease should be vaccinated. The vaccine schedule is two doses 
separated by 6 to 12 months. There is also a combined hepatitis A/hepatitis B vaccine available. 


PreviousNext 


Hepatitis B Virus 


An estimated 350 million persons worldwide are infected with hepatitis B virus (HBV); 
approximately 1.25 million persons in the United States are chronically infected. Hepatitis B 
virus causes approximately one third of cases of acute viral hepatitis in the United States and 
approximately 15% of cases of chronic viral hepatitis. 


Hepatitis B is transmitted parenterally by percutaneous exposure, for example, by sharing 
needles or syringes in injection drug use and intimate person-to-person contact with an infected 
person, including sexual contact (especially in men who have sex with men). In addition, 
perinatal acquisition can occur and is most common in newly developing countries and Eastern 
Europe and Russia. 
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Diagnosis 


The diagnosis of hepatitis B depends on accurately interpreting serologic tests (Table 42). The 
HBV DNA assays are commonly used. Most assays are based on polymerase chain reaction 


technology with lower limits of detection of 50 to 200 IU/mL (corresponding to 25 to 1000 
copies/mL). Newer assays have increased sensitivity, with a lower limit of detection of 5 to 10 
IU/mL. High levels of HBV DNA are associated with more severe disease, and treatment is 
monitored for effectiveness by dropping HBV DNA levels. 


Various subgroups of infected patients reflect the natural history of infection: these subgroups 
include the immune-tolerant patient, the patient in a phase of immune clearance, and the inactive 
carrier. The immune-tolerant patient acquired HBV perinatally, is HBeAg positive, and has high 
levels of HBV DNA. As such patients age, the risk for active hepatitis increases. The patient 
with detectable HBeAg, high HBV DNA, elevated serum ALT levels, and inflammation on liver 
biopsy is in a phase of immune clearance (that is, the phase when the immune system is 
attempting to eliminate the virus). In this phase, elevations in liver enzymes may indicate the 
onset of HBeAg seroconversion. The inactive carrier is a patient in whom spontaneous 
seroconversion to HBeAg negativity occurs. In these patients, there is low or undetectable HBV 
DNA with little or no inflammation on liver biopsy. In this group, periodic reversions back to 
HBeAg positivity may occur and be associated with elevation of liver tests and an increase in 
HBV DNA levels. 


Patients with serologic findings characterized by the presence of HBsAg but absence of HBeAg 
may harbor HBV variants in the precore or promoter regions. Such patients tend to be older and 
have lower HBV DNA levels and more advanced disease. 


Most adults who acquire hepatitis B develop symptoms during an incubation period of between 1 
and 4 months after exposure. These symptoms are similar to those of hepatitis A and may 
include jaundice as well as other nonspecific constitutional complaints. In most patients the acute 
infection resolves within 6 months, that is, they become HBsAg-negative and develop anti- 
HBsAb. Patients with persistent HBsAg positivity beyond 6 months have chronic infection. Even 
in patients with chronic infection, HBsAg clears at a rate of approximately 0.5% per year. 
Various risk factors have been associated with the development of HBV-associated liver disease 
in patients with chronic infection (Table 43). 


Table 42. Interpretation of Hepatitis B Diagnostic Serologies 


Interpretation HBsAg Anti- IgM anti- IgG anti- HBeAg Anti- HBV 


HBs HBc HBc HBe DNA 
Acute infection Positive Negative Positive Negative Positive Negative Positive 
Chronic infection, Positive Negative Negative Positive Negative Positive Negative 
nonreplicative 
Chronic infection, Positive Negative Negative Positive Positive Negative Positive 
replicative 
Chronic infection, Positive Negative Negative Positive Negative Positive Positive 
replicative, eAg 
negative 


Immune, prior infection Negative Positive Negative Positive Negative Negative Negative 


HBsAg = hepatitis B surface antigen; Anti-HBs = antibody to hepatitis B surface antigen; IgM 
anti-HBc = IgG antibody to hepatitis B core antigen; IgG anti-HBc = IgG antibody to hepatitis B 
core antigen; HBeAg = hepatitis B e antigen; anti-HBe = antibody to hepatitis B e antigen; HBV 
DNA = hepatitis B virus DNA. 


Table 43. Factors Associated with Progression of HBV- 
Associated Liver Disease 


HBV-Associated Liver Disease 


Cirrhosis Hepatocellular Carcinoma 

Older age Older age 

Longer duration of infection Male sex 

High HBV DNA High HBV DNA 

Long-term alcohol use Family history of hepatocellular carcinoma 

HIV or HCV coinfection Presence of cirrhosis 

Smoking History of reversion to HBeAg positivity from negative 
HBV genotype C 


Core promoter mutation 
HCV coinfection 


HBV = hepatitis B virus; HBV DNA = hepatitis B virus DNA; HCV = hepatitis C virus; HBeAg 
= hepatitis B e antigen. 
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Management 


Management of acute hepatitis B consists of history and physical examination and laboratory 
tests, including hepatitis B serologic tests and measurement of liver enzymes and prothrombin 
time. The clinical examination should be alert to the development of asterixis or any subtle 
neurologic changes, such as somnolence, or changes in mental status. Such clinical findings 
signal the onset of encephalopathy, which defines the patient as having fulminant hepatic failure. 
A patient suspected of being at high risk for development of fulminant hepatic failure should be 
transferred to a liver transplantation center for an expedited liver transplant evaluation. Transfer 
to a transplantation facility should ideally be arranged when a patient shows signs of worsening 
liver function marked by a rising prothrombin time and worsening liver function tests but before 
the development of mental status changes. After mental status changes develop, the patient needs 
to be closely monitored for the development of cerebral edema, which in extreme cases can lead 
to cerebral herniation and death before liver transplantation can be performed. The physical 
examination should involve a thorough and frequent neurologic and ophthalmologic examination 


ensuring that the pupils remain equal and reactive to light. Dilation or fixation of the pupils is 
often a sign of worsening cerebral edema and may signify cerebral herniation. 


If there are no clinical or laboratory findings consistent with liver failure, management consists 
of observation and follow-up testing. It is prudent to reassess the hepatitis B serologic profile 
every 1 to 3 months until the acute infection resolves (signified by loss of HBsAg and 
appearance of anti-HBsAb). Acute hepatitis B may rarely cause severe illness with impaired liver 
function. In such cases, antiviral therapy (usually consisting of lamivudine or entecavir in 
combination with adefovir) is indicated. This therapy offers the immediate potency of 
lamivudine/entecavir, with the reduced risk of resistance resulting from the combination with 
adefovir. 


Management of patients with chronic hepatitis B virus infection with active viral replication and 
some degree of liver disease includes hepatitis B serologies to include an HBeAg and, if positive, 
HBV DNA. Figure 28 shows a suggested management approach guided by the results of these 
tests. 


The goals of therapy in chronic hepatitis B are suppression of viral replication, conversion of a 
positive HBeAg to negative, and mitigation of hepatic inflammation as evidenced by a reduction 
in the serum concentration of liver enzymes. An additional goal of therapy is sustained 
suppression of viral replication, indicated by lack of recurrent HBV DNA after antiviral therapy 
is discontinued. There are six approved therapies for chronic, replicative hepatitis B: interferon 
(standard and pegylated), lamivudine, adefovir, entecavir, and telbivudine (Table 44). The 
advantages of interferon are its limited duration of therapy, the lack of resistance, and the high 
response rate. However, patients with advanced liver disease or decompensated cirrhosis should 
not be given interferon therapy because they may be at risk for decompensation of liver disease 
and infection. In such patients, the oral agents are used; however, these agents are limited in their 
ability to achieve a sustained suppression of viral replication, cost, and propensity for drug 


resistance. 
HBsAg positive 


J | 
HBeAg positive HBeAg negative 


ALT < 1x ULN ALT > 2x ULN ALT 2 2x ULN ALT 1-2x ULN ALT < 1x ULN 


HBV DNA > HBV DNA > HBV DNA 2,000- HBV DNA < 
20,000 IU/mL 20,000 IU/mL 20,000 IU/mL 2000/U/mL 


Every 3-6 month ALT Every 3 month ALT Every 1-3 month ALT, Possible biopsy Every 3 month 
Every 6-12 month HBeAg Every 6 month HBeAg HBeAg for spontaneous ALT X3, then 
Possible biopsy and conversion. Possible Every 6-12 month 
treat if over 40 biopsy and treatment ALT if still 


<1x ULN 


Figure 28. Management of chronic hepatitis B virus 
infection. 


ALT = alanine aminotransferase; AST = aspartate aminotransferase; HBeAg = hepatitis B e 
antigen; HBV = hepatitis B virus. 


Table 44. Therapies for Chronic Hepatitis B 


Duration of Therapy 
Therapy HBeAg+ HBeAg- Potency HBeAg+ HBsAg + Resistance Cost/Year 
to- to — 
conversion conversion 
Subcutaneous 1 year ] year 27% 5-10% None $$$$ 
Pegylated 
Interferon 
Lamivudine Until 6 months Until ++ 20% Rare Very high $ 
after loss of 
seroconversion HBsAg 
to HBeAg- 
Adefovir Until 6 months Until + 15% Rare Moderate $$ 
after loss of 
seroconversion HBsAg 
to HBeAg- 
Entecavir Until 6 months Until +++ 21% Rare Low $$$ 
after loss of 
seroconversion HBsAg 
to HBeAg- 
Telbivudine Until 6 months Until ++ 22% Rare Low $$ 
after loss of 
seroconversion HBsAg 
to HBeAg- 
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Screening and Prevention 


Prevention of hepatitis B is predicated on providing prophylaxis and immunization to patients 
recently exposed or at risk for exposure. It is now universal practice to provide the hepatitis B 
vaccine to all newborns. However, those persons who were born before the onset of universal 
vaccination should be offered vaccination especially if they are at risk of being exposed. Such 
persons include all children and adolescents who did not get the vaccine when they were 
younger. Other people who should be vaccinated include sex partners of people infected with 
HBV, men who have sex with men, people who inject street drugs, people with more than one 


sex partner, people with chronic liver or kidney disease, people with jobs that expose them to 
human blood, household contacts of people infected with HBV, residents and staff in institutions 
for the developmentally disabled, kidney dialysis patients, people who travel to countries where 
HBV is common, and people with HIV infection. If someone is suspected of having been 
exposed to HBV and has not been previously vaccinated, that patient should receive passive 
immunization with hepatitis B immune globulin followed by the vaccination series as soon as 
possible. 


Patients with established chronic infection must be monitored for the development of cirrhosis 
and hepatocellular carcinoma. Hepatic ultrasonography and measurement of serum a-fetoprotein 
every 6 to 12 months are adequate to screen for hepatocellular carcinoma. In general, patients 
with chronic infection should be counseled to avoid alcohol and be immunized against hepatitis 
A; close contacts should also be immunized. Infected pregnant women should be given hepatitis 
B immune globulin immediately after delivery, and the infant should be vaccinated, which can 
result in a 95% reduction in prenatal transmission. 
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Hepatitis C 


Hepatitis C virus (HCV) infection is the most prevalent bloodborne infection in the United 
States, affecting an estimated 4 million persons. Most patients acutely infected with HCV are 
asymptomatic and do not clear the infection spontaneously; approximately 85% develop chronic 
infection. Of patients with chronic infection, 20% to 25% develop cirrhosis over 20 years. Of 
patients who develop cirrhosis, the risk for hepatocellular carcinoma is approximately 5% per 
year. The incidence of acute infections has been declining owing to better hygiene practices 
among injection drug users. 


Patients at risk for hepatitis C include persons who have ever injected illegal drugs, have 
received hemodialysis, or were born to an infected mother and health care workers who have 
sustained needlestick accidents. The anti-HCV antibody test is the screening test for at-risk 
persons; a positive test in a person with one of the risk factors confirms exposure to the virus. 
The HCV RNA test is required to determine active infection rather than just exposure to the 
virus. In patients with none of the risk factors who have a positive anti-HCV antibody test and a 
negative HCV RNA test, the recombinant immunoblot assay (RIBA), which detects antibodies to 
any of several viral antigens, should be done. A positive RIBA, in the absence of detectable 
HCV RNA confirms that the patient has been infected with hepatitis C but has spontaneously 
cleared the infection. 


Liver biopsy is not required for the diagnosis of hepatitis C infection; however, biopsy is useful 
in some patients to determine the extent of fibrosis and degree of inflammation. In infected 
patients with persistently normal liver tests, biopsy may also identify those who have minimal 
inflammation and the absence of fibrosis and may, therefore, forgo therapy and opt for 
observation. Enzyme levels might be normal in the presence of significant fibrosis rather than 
inflammation; patients with normal enzymes who undergo liver biopsy, therefore, may at that 


point opt for treatment based on advanced histology rather than false reassurance of normal 
aminotransferases. 


Therapy for hepatitis C infection consists of the combination of pegylated interferon and 
ribavirin. The ideal candidate for therapy is the patient with detectable virus, some indication of 
hepatic inflammation (elevated liver tests or inflammation on the biopsy), and no 
contraindication to therapy. The goal of therapy is to achieve a sustained virologic response, 
which is defined as undetectable HCV beyond 6 months after the end of treatment. Eleven 
distinct genotypes of the virus have been identified; the genotypes differ in their pathogenicity 
and in their response to therapy. The most important variable affecting the response rate is the 
genotype of the virus. Patients infected with genotype 1 have an approximately 45% sustained 
response rate if treated for 48 weeks. Patients who achieve at least a two-log reduction in the 
HCV RNA by the twelfth week have a higher likelihood (approximately 66%) of achieving a 
sustained response. Failure to achieve this degree of viral suppression by the twelfth week of 
therapy is associated with a sustained response of approximately 1%, and treatment can be 
stopped at that time. Patients with genotypes 2 and 3 have a sustained virologic response rate in 
excess of 80% and require only 24 weeks of therapy; the dosage of ribavirin can also be reduced 
in these patients. 


Most patients treated with pegylated interferon and ribavirin experience side effects, which 
include a flulike illness, bone marrow suppression, depression, and thyroid inflammation. 
Contraindications to therapy include severe preexisting bone marrow suppression, severe 
depression, and advanced liver disease. 
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Hepatitis D 


Hepatitis D virus (HDV or delta agent) depends upon the presence of HBsAg for its replication 
and, therefore, cannot survive on its own. In an HBV-infected patient, HDV infection may 
present as an acute hepatitis (in which case it is a coinfection) or an exacerbation of preexisting 
chronic hepatitis (in which case it is a superinfection). Patients with a history of injection drug 
use are at greatest risk for acquiring HDV infection. 
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Hepatitis E 


Hepatitis E virus (HEV) can produce an acute hepatitis and is most likely to occur in residents of 
or recent travelers to underdeveloped nations. It results from fecal-oral transmission. Pregnant 
woman with acute HEV infection are at greatest risk for developing severe hepatitis or liver 
failure. 
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Alcohol- and Drug-Induced Liver Disease 


e Alcohol-Induced Liver Disease 
e Drug- and Toxin-Induced Liver Injury 


PreviousNext 


Alcohol-Induced Liver Disease 


Alcohol-induced liver injury begins with fatty infiltration and then progresses to inflammation, 
fibrosis, and cirrhosis. Men who consume more than 60 grams of ethanol a day (six or more 
alcoholic drinks) and women who consume more than 30 grams a day (approximately three 
alcoholic drinks) for more than 10 years are at risk for alcohol-related cirrhosis. Other factors, 
including genetic predisposition and underlying liver disease, may influence alcohol“s effects on 
the liver. 


Acute alcoholic hepatitis is diagnosed by finding hepatic inflammation in a patient with recent 
alcohol consumption. Inflammation is indicated by modest elevation of liver tests, with the 
serum AST concentration usually being less than 400 U/L and approximately twice the 
concentration of the serum ALT. Affected patients may present with leukocytosis, jaundice, 
hepatomegaly, and right upper quadrant pain, findings that may suggest infection. Liver biopsy 
specimen shows fat with acute inflammation and sinusoidal fibrosis. However, biopsy is not 
required in these patients, and the risk is often greater than the benefit. Assessment of the 
severity of acute alcoholic hepatitis is important because, in addition to abstinence from alcohol 
and nutritional therapy, pharmacologic therapy may be beneficial. The discriminant function 
(DF) calculation, which helps to identify patients whose short-term survival is improved by 
corticosteroid therapy, is calculated as follows: 


DF = 4.6 (prothrombin time [s] - control prothrombin 


time [s]) + serum bilirubin (mg/dL) 


Patients with a DF greater than 32 have a more than 50% short-term (30-day) mortality risk. 
Such patients are candidates for therapy with prednisone, 40 mg/d, for 30 days. Corticosteroid 
therapy is also beneficial in patients with acute alcoholic hepatitis and encephalopathy. Patients 
with renal failure were excluded from the initial corticosteroid trials, and some patients with 
infection may not be candidates for this therapy. An alternative therapy shown to have benefit on 
renal function and survival is pentoxifylline. 
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Drug- and Toxin-Induced Liver Injury 


Any drug, including complementary and alternative medications, can cause liver injury through 
such mechanisms as the formation of protein adducts that disrupt cell membranes, an 
immunologic response, and the generation of injurious free radicals. Drug-induced liver injury 
may be either dose-dependent and predictable or idiosyncratic. The classic example of a dose- 
dependent hepatotoxin is acetaminophen; a massive single ingestion of more than 12 grams can 
lead to fatal hepatic necrosis. Acetaminophen toxicity is the most common cause of acute liver 
failure in the United States. Patients who consume alcohol or who are malnourished may 
experience acetaminophen injury, even in the absence of massive ingestion. 


There are many idiosyncratic hepatotoxins, but a few have become known for their patterns of 
injury, sometimes termed “signature hepatotoxicity” (Table 45). However, other causes of liver 
injury must be excluded before a diagnosis of drug-induced hepatotoxicity is made, and it must 
be established that the patient took the drug before the onset of injury. Figure 29 shows a 
differential diagnostic approach to a suspected case of drug-associated liver injury. 


Treatment of drug-induced liver injury is primarily supportive and involves withdrawal of the 
suspected offending agent. However, there are a few specific antidotes, including N- 
acetylcysteine for acetaminophen intoxication and silymarin or penicillin for Amanita phalloides 
(mushroom) poisoning. If a drug is implicated as a cause of idiosyncratic liver injury, therapy 
with the agent must not be restarted because the hepatic response may be more vigorous and 
injurious than the initial event. 


Liver Injury 


Biliary Abnormality 
* Ultrasound 


Viral Hepatitis 

= Hepatitis A IgM Antibody 
* Hepatitis B surface antigen 
* Hepatitis C antibody 


: ae * Hepatitis E antibody 
* ERCP 

Alcohol 

* Alcohol history 
Autoimmune Disease = Alcohol level 
* Antinuclear antibody =" AST>ALT 


* Smooth muscle antibody 
* Gamma globulins 


Hemodynamic 
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. Heart failure 
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Metabolic & Genetic 
=" Ferritin 
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= A1AT Level 


Possible Drug Related Hepatotoxicity 


Figure 29. Diagnosing drug-related hepatotoxicity. 
AlAT = al-antitrypsin; ALT = alanine aminotransferase; AST = aspartate aminotransferase; 


MRCP = magnetic resonance cholangiopancreatography; MRI = magnetic resonance imaging; 
TIBC = total iron binding capacity. 


Table 45. Signature Pattern of Drug-induced Hepatotoxicity 


Signature Pattern Specific Agents 


Acute liver injury Acetaminophen, isoniazid 
Chronic liver injury Nitrofurantoin, minocycline, methyldopa 
Fibrosis and Cirrhosis Methotrexate, vitamin A 


Jaundice Erythromycin, amoxicillin/clavulanic acid, chlorpromazine, estrogens 
Hypersensitivity Phenytoin 

Fatty liver Amiodarone, tamoxifen, valproic acid, didanosine 
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Autoimmune Hepatitis 


Autoimmune hepatitis is a chronic condition characterized by fluctuating degrees of clinical, 
biochemical, and histologic manifestations. The diagnosis of autoimmune hepatitis depends on 
the presence of certain serologic and histologic findings and the exclusion of other causes of 
liver disease (Table 46). 


Autoimmune hepatitis is more common in women and usually presents in adulthood. 
Approximately 50% of patients are asymptomatic and are diagnosed as a result of screening 
tests; some patients have nonspecific symptoms such as malaise, rash, and arthralgias. Findings 
on physical examination are also nonspecific. Some patients have only hepatomegaly, whereas 
others have jaundice or signs of hepatic decompensation, such as ascites or encephalopathy. The 
presence of other autoimmune disorders may also be a clue to the diagnosis. Patients who present 
with a very severe form of autoimmune hepatitis, either with or without cirrhosis, are at risk for 
hepatic necrosis and fulminant hepatic failure. 


No single biochemical test can confirm or exclude the diagnosis. In most cases, serum 
aminotransferases are elevated, ranging from mild increases in serum concentrations to values 
greater than 1000 U/L. Hyperbilirubinemia may occur with a normal or near-normal serum 
alkaline phosphatase level. Certain autoantibodies may be elevated, including anti-smooth- 
muscle antibody, antinuclear antibody, and rarely anti-liver-kidney-microsomal antibody type 1 
(anti-LKM1). In addition, serum IgG and IgM are also elevated. In some patients, the diagnosis 
has to be confirmed by histologic evaluation, which typically reveals a predominant lymphocytic 
and plasmacytic periportal infiltrate. However, in severe cases, the lobule can also be involved 
and hepatocyte necrosis occurs, with or without cirrhosis. 


Early recognition of autoimmune hepatitis, especially in patients who present with a 
subfulminant course, can favorably affect the outcome. Prednisone is the first-line treatment of 
active disease and may induce remission. Generally, patients who present with greater than a 
fivefold increase in serum aminotransferase concentrations and who have active inflammation on 
liver biopsy specimen should be considered for treatment. Patients who present with very high 
aminotransferase levels can have up to a 40% 6-month mortality rate, and patients with hepatic 
necrosis on biopsy even without cirrhosis have a 45% 5-year mortality rate. The decision to 
initiate treatment is unambiguous in these patients. However, the decision to treat is less clear in 
patients with milder biochemical and/or histologic findings. Progression to cirrhosis is much less 


likely in these patients. The decision to start treatment in these patients with medications that 
have significant side effects must be individualized. Treatment is generally not recommended for 
patients with inactive cirrhosis, that is, advanced fibrosis in the absence of significant hepatitis. 


Treatment for autoimmune hepatitis consists of prednisone alone or more commonly in 
combination with azathioprine, with the goal of reducing the dosage of prednisone to the lowest 
level possible and continuing azathioprine. Treatment can be discontinued once remission is 
achieved; however, histologic remission often lags behind biochemical remission by at least 6 
months. Relapse occurs in 20% to 100% of cases; however, reinitiation of treatment usually 
induces remission in patients who relapse. Indefinite low-dose treatment should be considered 
after relapse. 


Table 46. Features Supporting or Militating Against a 
Diagnosis of Autoimmune Hepatitis 


Positive Features Negative Features 
Female sex High serum alkaline phosphatase 
Elevates serum aminotransferases AMA seropositive 
Low serum alkaline phosphatase Positive hepatotropic virus serology 
Hypergammaglobulinemia with elevated Positive drug/alcohol history 
serum IgG 
ANA, SMA, anti-LKM1, pANNA, or anti- Morphologic changes in liver biopsy specimen 
SLA/LP positive suggestive of other cause 
AMA seronegative 


Negative drug and alcohol history 

Interface hepatitis on liver biopsy 
Concurrent immunologic disorders in patient 
or family 

Compatible HLA markers 

Response to corticosteroid therapy 


AMA = antimitochondrial antibodies; ANA = antinuclear antibodies; SMA = anti-smooth 
muscle antibodies; anti-LKM1 = type 1 liver-kidney microsomal antibodies; pANNA = 
peripheral anti-neutrophil nuclear antibodies; anti-SLA/LP = anti-soluble liver antigen/liver- 
pancreas antigen antibodies; HLA = human leukocyte antigen. 


Reproduced from McFarlane IG. Definition and classification of autoimmune hepatitis. Seminars 


in Liver Disease. 2002;22(4):317-24. [PMID: 12447704]. Copyright 2002, reprinted with 
permission from Thieme. 
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Metabolic Liver Disease 


e Nonalcoholic Fatty Liver Disease 
e Wilson Disease 


e Hereditary Hemochromatosis 
e al-Antitrypsin Deficiency 
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Nonalcoholic Fatty Liver Disease 


Nonalcoholic fatty liver disease consists of variable degrees of fat accumulation, inflammation, 
and fibrosis in the absence of significant alcohol intake. It is increasingly recognized as possibly 
the most common form of liver disease in the United States and accounts for a large portion of 
previously termed cryptogenic liver disease. Fatty liver disease in the absence of inflammation is 
more common in women than in men and occurs in 60% of obese patients. Steatohepatitis, the 
presence of inflammation in patients with fatty liver disease, occurs in about 20% of obese 
patients, and 2% to 3% have cirrhosis. This spectrum of fatty liver disease is most commonly 
seen in patients with underlying consequences of obesity, including insulin resistance, 
hypertension, and/or hyperlipidemia, the classic metabolic syndrome. It is estimated that up to 
75% of patients with insulin resistance have some degree of fatty liver disease. 


The pathophysiology of fatty liver disease is generally believed to be the result of a “two-hit” 
phenomenon, involving first the abnormal accumulation of fat in the liver from underlying risk 
factors. The second “hit” involves beta oxidation as well as lipid peroxidation of fatty acids, 
leading to the accumulation of reactive oxidative species and to mitochondrial and cell injury, 
which can progress to cirrhosis. 


The diagnosis is usually made when patients with characteristic clinical risk factors are found to 
have mildly to moderately elevated serum aminotransferase concentrations. Imaging with 
ultrasonography, CT, or MRI can confirm the presence of steatosis, although all these imaging 
modalities are considered insensitive for mild degrees of steatosis. 


There is no definitive treatment for nonalcoholic fatty liver disease. The reduction of underlying 
risk factors is essential. Weight loss, exercise, and aggressive control of plasma glucose, lipids, 
and blood pressure are the mainstay of treatment. Antioxidant drugs, including S-adenosyl-L- 
methionine (SAMe) and betaine are ineffective. Silymarin is under study as a potential agent. 
Numerous studies have evaluated oral hypoglycemic drugs in this disorder. The 
thiazolidinediones have shown promising results, as have previous studies with metformin. 
Patients with fatty liver disease are not necessarily at increased risk from statin therapy than 
nonaffected patients, and statins are treatment options in these patients. 
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Wilson Disease 


Wilson disease is a rare autosomal recessive disorder that affects 1 in 30,000 to 1 in 100,000 
people. It is characterized by the reduced excretion of copper into the bile secondary to a 
transport abnormality, leading to the pathologic accumulation of copper in the liver and other 
tissues, particularly the brain. The gene responsible for Wilson disease is ATP7B located on 
chromosome 13. Affected patients can present with neurologic, psychiatric, ophthalmologic 
(Figure 30), hematologic, or hepatologic abnormalities. 


Patients may present with fulminant disease, although underlying liver injury may already be 
established even in patients who present in this manner from previously undiagnosed and 
therefore untreated disease. Patients with fulminant hepatic failure from Wilson disease have 
elevated serum aminotransferase concentrations in the setting of hemolytic anemia. Such patients 
also usually have normal or even reduced serum alkaline phosphatase levels. These patients are 
at risk of progressive hepatic necrosis and may require urgent evaluation for liver transplantation. 
Less fulminant presentations can be difficult to diagnose, and Wilson disease should be 
suspected in a young patient with liver disease and associated neuropsychiatric symptoms. 


The diagnosis of Wilson disease can be confirmed by liver biopsy; nonspecific early histologic 
changes include the presence of steatosis or steatohepatitis. An elevated hepatic copper content 
in the absence of long-standing cholestasis, which can also elevate the intrahepatic copper 
content, is often diagnostic of the disease. Other helpful biochemical findings include a low 
serum ceruloplasmin and an increased serum copper concentration and urinary copper excretion. 


Treatment of Wilson disease is directed at reducing the copper overload with the use of various 
copper chelators, such as penicillamine and trientine, or the use of agents that reduce copper 
absorption, such as zinc. Ammonium tetrathiomolybdate, which both chelates copper and 
reduces its absorption, is also effective, although it is not available in the United States. Use of 
penicillamine can be associated with hypersensitivity reactions, neurologic deterioration, and 
proteinuria, as well as blood dyscrasias. Therefore, trientine may be a better first-line agent. 


First-degree relatives of patients with Wilson disease should be screened for the disorder by 
measurement of serum copper and ceruloplasmin and urinary copper excretion, along with liver 
tests. 


Figure 30. Kayser-Fleischer ring characteristic of Wilson 
disease. 


Note the circumferential discoloration that occurs at the sclera-iris border due to copper 
deposition in Descemet membrane. 
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Hereditary Hemochromatosis 


Hereditary hemochromatosis is a common genetic disorder in white persons, characterized by 
excessive iron deposition in tissues, especially the liver, heart, pancreas, and pituitary gland. The 
iron overload in these tissues can lead to cirrhosis, heart disease, and diabetes mellitus. The gene 
mutations leading to phenotypic hereditary hemochromatosis are the C282Y mutation and H63D 
mutation of the HFE gene. Patients with abnormal liver studies should be screened for 
hemochromatosis. Patients who are suspected of having iron overload or patients older than 20 
years who have a first-degree relative with hereditary hemochromatosis should also be screened 


(Figure 31). 


Initial evaluation involves measuring the transferrin saturation and the serum ferritin. If the 
fasting transferrin saturation is greater than 50% in women and greater than 60% in men, the 
diagnosis should be strongly suspected. Other disease states that elevate the iron saturation 
include alcohol use, hepatitis C virus infection, fatty liver disease, and neoplasms. Patients with 
none of these other causes of elevated iron saturation should undergo genetic screening. Liver 
biopsy is indicated to determine the degree of fibrosis and in cases where the diagnosis remains 
uncertain. Iron will stain blue with Prussian blue stain. The hepatic iron index, which consists of 
the hepatic iron concentration in micromoles per gram divided by the patients age in years, is 
used to evaluate for the degree of iron overload. A hepatic iron index greater than 1.9 umoL/g/y 
is diagnostic. Treatment of hereditary hemochromatosis involves therapeutic phlebotomy to 
extract excess iron or to prevent accumulation of iron before symptomatic overload occurs 
(Table 47). 


Adult 1st degree 
relative of HH 


Symptomatic Asymptomatic 


Step 1 
Fasting transferrin saturation 
and serum ferritin 
TS <45% and TS 245% and 
normal ferritin ferritin elevated 
Step 2 No further iron 
evaluation 


Compound Heterozygote C282Y / C282Y 
C282Y/H63D 
Heterozygote C282Y 


or non-C282Y 


Age < 40 years Age 2 40 years 
ferritin < 1000 ferritin > 1000 
and normal or elevated 
ALT/AST ALT/AST 


Step 3 


Liver biopsy for 
HIC and 
histopathology 


Exclude other liver or 
hematologic diseases 
+ liver biopsy 


Therapeutic 
phlebotomy 


Figure 31. Screening for hereditary hemochromatosis. 


ALT = alanine aminotransferase; AST = aspartate aminotransferase; HH = hereditary 
hemochromatosis; HIC = hepatic iron concentration; TS = transferrin saturation. 


Reproduced with permission from Tavill AS; American Association for the Study of Liver 
Diseases; American College of Gastroenterology; American Gastroenterological Association. 
Diagnosis and management of hemochromatosis. Hepatology. 2001 May;33(5):1321-1328. 
[PMID: 11343262] Copyright 2001, John Wiley & Sons. 


Table 47. Treatment of Iron Overload 


Hereditary Hemochromatosis 
One phlebotomy (removal of 500 mL of blood) weekly or biweekly 


Check hematocrit before each phlebotomy; allow hematocrit to fall by no more than 20% of 
previous level 


Check serum ferritin level every 10 to 12 phlebotomies 
Stop frequent phlebotomy when serum ferritin level falls below 50 ng/mL (50 mg/L) 
Continue phlebotomy at intervals to keep serum ferritin level between 25 and 50 ng/mL (25-50 
mg/L) 
Avoid vitamin C supplements 
Secondary Iron Overload Due to Dyserythropoiesis 
Deferoxamine, 20 to 40 mg/kg body weight per day 
Consider follow-up liver biopsy to ascertain adequacy of iron removal 
Avoid vitamin C supplements 


Reproduced with permission from Tavill AS; American Association for the Study of Liver 
Diseases; American College of Gastroenterology; American Gastroenterological Association. 
Diagnosis and management of hemochromatosis. Hepatology. 2001;33:1321-8. 

[PMID: 11343262]. Copyright 2001, John Wiley & Sons Inc. 
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a1-Antitrypsin Deficiency 


a1-Antitrypsin deficiency affects the liver, lungs, and skin. Disease in the liver is the result of the 
abnormal accumulation of the variant protein, which accumulates in hepatocytes and can be 
identified as inclusions that stain with the PAS stain. Intrahepatic disease occurs only in patients 
with either the homozygous ZZ alleles or the heterozygous MZ alleles. The disease can manifest 
in early childhood or in adulthood and is associated with an increased risk of cirrhosis and 
hepatocellular carcinoma, which can occur even in the absence of cirrhosis. Although there is no 
treatment for hepatic disease, liver transplantation is an option for patients who develop hepatic 
decompensation. First-degree relatives of affected patients should be screened. 
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Cholestatic Liver Disease 


e Primary Biliary Cirrhosis 


e Primary Sclerosing Cholangitis 
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Primary Biliary Cirrhosis 


Primary biliary cirrhosis is a slowly progressive autoimmune disease that mainly affects women 
older than 25 years. In the United States, the reported prevalence is between 160 and 402 per 
million. There is a familial predisposition to the disorder, and female first-degree relatives of 
affected patients are at increased risk. Other risk factors include the presence of other 
autoimmune disorders, a history of tobacco smoking, a history of urinary tract infection, and 
possibly exposure to environmental causes, such as bacteria, viruses, and toxins. 


Because of an increased awareness of the disease, more patients are being diagnosed while 
asymptomatic. In symptomatic patients, fatigue and pruritus are the most common presenting 
symptoms. Pruritus usually predates the development of jaundice, which can occur months to 
years thereafter. Other clinical findings largely depend on the stage of the disease. However, 
immune disorders such as hypothyroidism, Sjögren disease, sicca syndrome, and systemic 
sclerosis (scleroderma) may coexist with primary biliary cirrhosis. As the disease progresses, 
patients may manifest the effects of chronic malabsorption of the fat-soluble vitamins A, D, E, 
and K. They are thus likely to have hyperlipidemia and osteoporosis. Other than excoriations 
from pruritus or xanthelasmas from hyperlipidemia, most patients do not have any characteristic 
findings until advanced liver disease develops. 


Serologic and biochemical findings are useful in making the diagnosis of primary biliary 
cirrhosis. Most patients have antimitochondrial antibodies and elevated serum IgM and alkaline 
phosphatase levels, sometimes with elevations in aminotransferase levels. The serum bilirubin 
level is usually increased in progressive disease. Liver biopsy is not necessary to make the 
diagnosis of primary biliary cirrhosis, but it can help determine the stage of disease. 


The progression of primary biliary cirrhosis is affected by when the diagnosis is made and 
ursodeoxycholic acid therapy is initiated. A recent study found that initiation of treatment in 
patients diagnosed with stage I or II disease resulted in a long-term survival similar to that of 
healthy matched controls. However, in patients diagnosed with later stages, the disease is 
progressive, and despite treatment many of these patients die of the disease or require liver 
transplantation. More recently, a systematic review and meta-analysis of randomized controlled 
trials of treatment with ursodeoxycholic acid in patients with primary biliary cirrhosis calls into 
question the impact of this agent on the mortality and morbidity outcomes of these patients 
despite the stage of disease. Ursodeoxycholic acid acts as a choleretic agent, which if used early 
in the disease can delay progression. A large part of the treatment of advanced primary biliary 
cirrhosis involves symptom management. Pruritus that does not respond to topical lotions can be 
managed with bile acid resins such as cholestyramine. For refractory pruritus, hydroxyzine, 
rifampin, and opioid antagonists can be considered. Ursodeoxycholic acid also may have 
antipruritic effects. Patients should be screened for deficiencies of vitamins A, D, E, and K, and 
appropriate supplementation should be instituted. Although patients with primary biliary 


cirrhosis often have hypercholesterolemia, they have not been shown to have increased 
cardiovascular risk as a result of the hypercholesterolemia. 
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Primary Sclerosing Cholangitis 


Primary sclerosing cholangitis is a chronic condition that usually presents in the fourth or fifth 
decade of life; it is more common in men than in women and is characterized by progressive bile 
duct inflammation and destruction and ultimately fibrosis of both the intrahepatic and 
extrahepatic bile ducts, leading to cirrhosis. The cause of the disorder is unknown, but there is a 
strong association with ulcerative colitis, which is present in 80% of patients with primary 
sclerosing cholangitis. However, the severity of ulcerative colitis does not correlate with the 
severity of primary sclerosing cholangitis, and treatment of ulcerative colitis does not 
significantly affect the prognosis of cholangitis. 


The most common symptoms of primary sclerosing cholangitis are pruritus and fatigue; as the 
disease progresses, most patients develop jaundice. Cholangiocarcinoma occurs in approximately 
10% of affected patients, is not always related to severity of disease, and is associated with a 
poor prognosis. Primary sclerosing cholangitis is also commonly complicated by cholangitis and 
is frequently a consequence of endoscopic intervention. The disorder variably affects the bile 
ducts: 75% of patients have involvement of both large and small ducts; 15% have involvement of 
the small ducts only; and 10% have involvement of the large duct only. 


The diagnosis of primary sclerosing cholangitis depends on detecting multifocal strictures with 
beading of the bile ducts on cholangiographic imaging usually with ERCP (Figure 32). 


This classic finding often occurs in association with cholestatic biochemical abnormalities, 
including elevated alkaline phosphatase with mild elevations of aminotransferase levels. Liver 
biopsy is not required to make the diagnosis, and in patients with small duct involvement, the 
liver biopsy specimen may appear normal. In disease affecting larger ducts, biopsy specimen 
shows the classic “onion-skin” lesion, which is caused by concentric fibrosis of the bile ducts. As 
the disease progresses, the smaller involved ducts become obliterated, and the portal tracts 
become infiltrated with inflammatory cells, which leads to periportal fibrosis, bridging fibrosis, 
and ultimately cirrhosis. 


No medical therapy affects the natural history of primary sclerosing cholangitis or the prognosis 
of affected patients. Ursodeoxycholic acid therapy may alleviate the biochemical abnormalities 
associated with the disease, but it does not affect the clinical or histologic course. 


Patients with primary sclerosing cholangitis, like those with advanced primary biliary cirrhosis, 
develop steatorrhea with complications from deficiencies of fat-soluble vitamins. Complications 
related to progressive duct destruction include recurrent cholangitis, bile duct stones, large 
strictures, and cholangiocarcinoma. Dominant strictures can sometimes be managed by 
placement of endoscopic stents across the stricture. However, liver transplantation is the only 


treatment that reverses the complications of end-stage liver disease in primary sclerosing 
cholangitis, and patients who undergo transplantation have a favorable survival outcome. 


Nornal contrast 


Figure 32. Endoscopic retrograde 
cholangiopancreatography showing primary sclerosing 
cholangitis. 


Note the beading of the bile ducts. 
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Complications of Liver Disease 


Portal Hypertension and Gastroesophageal Varices 
Ascites 
Spontaneous Bacterial Peritonitis 


Hepatorenal Syndrome 
Hepatopulmonary Syndrome 


Hepatic Encephalopathy 
Hepatocellular Carcinoma 
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Portal Hypertension and Gastroesophageal Varices 


Cirrhosis is the predominant cause of portal hypertension, which results from a combination of 
increased splanchnic blood flow secondary to splanchnic vasodilation and increased resistance to 
blood flow secondary to intrahepatic fibrosis and endothelial dysfunction. Portal hypertension is 
calculated by measuring the pressure gradient in the liver, that is, the difference in pressure 
between the portal vein and the hepatic veins. A gradient greater than 6 mm Hg defines portal 
hypertension. Thrombocytopenia in the setting of cirrhosis should raise suspicion for the 
presence of portal hypertension and congestive splenomegaly. 


One of the most significant complications of portal hypertension is gastroesophageal variceal 
bleeding. Although varices can occur anywhere along the gastrointestinal tract, including the 
small intestine and the rectum, the most dangerous site relative to bleeding is the area nearest the 
gastroesophageal junction. The risk for variceal bleeding is increased when the pressure gradient 
exceeds 12 mm Hg. The lifetime risk for a first-time variceal bleed in the setting of cirrhosis is 
30% and carries a mortality risk of 30% to 50%. Therefore, primary prophylaxis is crucial. All 
patients with a diagnosis of cirrhosis should undergo endoscopic screening for varices. Primary 
prophylaxis with a nonselective B-blocker, such as nadolol or propranolol, should be initiated if 
large varices are detected, especially if they have stigmata of bleeding such as red wale signs 
(longitudinal red streaks on the variceal surface). Primary prophylaxis decreases the risk of a first 
variceal bleed by 30% to 40%. 


An acute variceal bleed should be treated in the intensive care unit. Appropriate resuscitation 
should be performed with correction of hypovolemia and coagulopathy. Medical treatment 
includes initiation of prophylactic antibiotics because these patients are at increased risk of 
bacterial infection. Splanchnic vasoconstrictors such as octreotide should also be used to reduce 
portal blood flow. However, the mainstay of treatment of an acute variceal bleed is endoscopic 
band ligation and/or endoscopic sclerotherapy. Esophageal band ligation is the first line of 
endoscopic therapy because of the complications associated with sclerotherapy. If band ligation 
does not control primary bleeding, or if bleeding recurs or is due to gastric varices, balloon 
tamponade followed by portal decompression by placement of a transjugular intrahepatic 
portosystemic shunt (TIPS) can be performed. The incidence of rebleeding is reported to be as 
high as 70%, and the use of nonselective B-blockers to prevent rebleeding is recommended; the 
goal of this therapy is a reduction in the heart rate of 25% or attaining a systolic blood pressure 
of 90 mm Hg or less. 
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Ascites 


Ascites is the most common complication of portal hypertension secondary to cirrhosis. Any 
patient who develops new-onset ascites should undergo diagnostic paracentesis. Coagulopathy in 
the absence of disseminated intravascular coagulation is not a contraindication to paracentesis. 
Initial evaluation of ascitic fluid should include measurement of albumin along with cell count 
with differential, Gram stain, and culture (Table 48). The serum-to-ascites albumin gradient is 
calculated by subtracting the ascitic fluid albumin level from the serum albumin level. A gradient 
>1.1 indicates that the patient has portal hypertension (Table 49). 


Management of ascites secondary to portal hypertension involves dietary restriction of sodium to 
less than 2 g/d and implementation of diuretics. A combination of spironolactone and furosemide 
as a one-time morning dose is the initial therapy. The dose-limiting factor of diuretic therapy is 
the development of significant hyponatremia and/or renal insufficiency or failure to achieve a 
response at very high doses. The occurrence of such complications defines diuretic-resistant 
ascites or refractory ascites. In this setting large volume paracentesis can be performed with the 
use of albumin supplementation when greater than 5 liters of fluid are removed at one time to 
prevent hemodynamic instability. A TIPS can also be placed; however, this can result in 
worsening synthetic function and difficult-to-manage encephalopathy and therefore should be 
considered with caution in advanced cirrhosis. 


Table 48. Test Used in Evaluation of Ascites 


Initial Evaluation 

Protein 
Albumin 
Cytology 
Cell count with differential 
Gram stain 
Blood culture 

Special Tests 
Tuberculosis culture 
Repeat cytology 
Bilirubin 
Amylase 
Triglycerides 


Table 49. Disease Associations with Serum to Ascites 
Albumin Gradient (SAAG) 


SAAG >1.1 SAAG <1.1 
Cirrhosis Nephrotic syndrome 
Heart failure Peritoneal carcinomatosis 


Noncirrhotic portal hypertension Pancreatitis 


Budd-Chiari Syndrome Tuberculosis 
Infiltrative hepatic disease Serositis 
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Spontaneous Bacterial Peritonitis 


Spontaneous bacterial peritonitis, which occurs most commonly in patients with cirrhosis and 
ascites, is associated with significant morbidity and mortality. Suggestive symptoms include 
fever, abdominal tenderness or pain, altered mental status, diarrhea, and paralytic ileus. The 
criteria for the diagnosis are an ascitic fluid absolute neutrophil count >250/uL or a positive 
ascitic fluid culture. Treatment consists of a third-generation cephalosporin for at least 5 days. 
Diagnostic paracentesis should be repeated to document successful therapy if the patient does not 
show clinical improvement. Any patient who has had spontaneous bacterial peritonitis should 
receive antibiotic prophylaxis indefinitely. Any patient who is hospitalized and has a total ascitic 
fluid protein concentration <1 g/dL should also receive antibiotic prophylaxis, even in the 
absence of documented spontaneous bacterial peritonitis. Patients with low-protein ascites 
should receive either daily low-dose or weekly high-dose fluoroquinolones as prophylaxis during 
hospitalization. Patients with a history of spontaneous bacterial peritonitis should be maintained 
on this antibiotic long term. 
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Hepatorenal Syndrome 


The hepatorenal syndrome is a form of functional renal failure in patients with cirrhosis and 
portends a poor prognosis in the absence of liver transplantation. It is largely a result of 
splanchnic vasodilation and the consequential activation of the renin-angiotensin system, leading 
to renal vasoconstriction. The syndrome is a diagnosis of exclusion characterized by a urine 
sodium concentration <10 meq/L (10 mmol/L) and the absence of intrinsic renal injury. Common 
precipitating events include the use of NSAIDs or the development of spontaneous bacterial 
peritonitis, especially in the absence of concomitantly administered albumin. The syndrome is 


reversible in its early stages with successful liver transplantation. There are two types of 
hepatorenal syndrome: type | is an acute progressive form associated with a 2-week mortality 
rate of 80%; type 2, which is more indolent, often occurs in the setting of diuretic-resistant 
ascites and has a better prognosis. Combined treatment with the systemic vasoconstrictor 
midodrine, the splanchnic vasoconstrictor octreotide, and albumin has been shown to reverse 
renal failure due to the hepatorenal syndrome; however, liver transplantation remains the most 
successful long-term treatment. 


PreviousNext 


Hepatopulmonary Syndrome 


The hepatopulmonary syndrome, which is characterized by hypoxemia resulting from 
intrapulmonary vasodilation, occurs in up to 25% of patients with advanced cirrhosis. The 
syndrome should be suspected in patients with cirrhosis who have a Pao; less than 70 mm Hg or 
a alveolar-arterial oxygen gradient greater than 20 mm Hg. Most patients present with signs of 
liver disease, but dyspnea is the presenting symptom in some patients. Other forms of intrinsic 
lung disease should be excluded before this diagnosis is made. Like the hepatorenal syndrome, 
the hepatopulmonary syndrome, if not significantly advanced, can resolve with liver 
transplantation. The diagnosis is confirmed by documenting the presence of intrapulmonary 
shunting by either a bubble echocardiographic study or a”’ Tc macro-aggregated albumin lung 
perfusion scan. In the bubble study, the observation of bubbles of agitated saline in the left side 
of the heart within 3 to 6 beats is diagnostic. Similarly, detecting albumin in the brain upon 
injection into the systemic circulation suggests the presence of a significant intrapulmonary 
shunt. After the diagnosis is confirmed, the patient should be evaluated for liver transplantation. 
However, severe disease, defined by a Paoz less than 50 mm Hg or shunt greater than 20% on 
lung perfusion scan, is associated with a high mortality rate. 
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Hepatic Encephalopathy 


Hepatic encephalopathy is a potentially reversible complication of cirrhosis that can manifest 
variously as mild personality changes, reduced memory, or sleep perturbations or as frank coma. 
The pathophysiology of hepatic encephalopathy is complex and incompletely understood but is 
believed to consist predominantly of the accumulation of glutamine in the brain secondary to 
increased ammonia levels. The increased concentration of glutamine causes brain edema, which 
leads to encephalopathy. Hepatic encephalopathy can be precipitated by gastrointestinal 
bleeding, dehydration, and electrolyte abnormalities, often as a result of over-aggressive diuresis, 
spontaneous bacterial peritonitis, or renal failure, or iatrogenically as a result of a TIPS 
placement. 


There are various treatment modalities for encephalopathy. Nonabsorbable disaccharides such as 
lactulose are used to decrease the gut ammonia. Antibiotics, such as neomycin, metronidazole, 
and rifaximin, have also been used. Certain antibiotics, however, especially neomycin, should be 
used with caution because they can precipitate renal failure. Other agents used for treatment of 
hepatic encephalopathy include L-ornithine L-aspartate, and benzoate and benzodiazepine 
receptor antagonists (such as flumazenil), but large clinical trials documenting their reliable 
efficacy are lacking. 
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Hepatocellular Carcinoma 


Hepatocellular carcinoma is the most common primary intrahepatic tumor and the fastest 
growing cause of cancer-related death in men in the United States. The cancer usually develops 
in patients with advanced chronic liver disease; however, patients with hepatitis B may develop 
hepatocellular carcinoma in the absence of advanced liver disease. Hepatocellular carcinoma in 
patients with hepatitis C usually occurs in the setting of cirrhosis at a rate of 3% to 5% per year. 
In the United States, the rate of hepatocellular carcinoma in Asians is two times greater than the 
rate in black Americans whose rate is two times greater than that of whites. Hepatocellular 
carcinoma is more common in men than in women. Hepatocellular cancers derive their blood 
supply through neovascularization, whereby the cancer develops a new blood supply fed through 
small branches of the hepatic artery. It is this characteristic vascular supply that helps identify 
potential cancers on contrast-enhanced imaging, such as triple-phase CT and gadolinium MRI. 
Although these modalities tend to be better at identifying hepatocellular carcinoma than 
ultrasonography, the current screening guidelines for hepatocellular carcinoma recommend 
ultrasonography and measurement of serum a-fetoprotein every 6 months. Detecting a suspicious 
lesion on ultrasonography or a very elevated serum a-fetoprotein level should prompt 
confirmatory imaging with MRI or CT (Figure 33). 


Biopsy is rarely needed to confirm the diagnosis, and there is the small but real chance of tumor 
seeding on biopsy, which needs to be considered especially if the patient meets the criteria for 
liver transplantation. A patient should be referred for transplantation if the tumor meets the 
Milan criteria, that is, one tumor no larger than 5 cm in diameter or no more than three tumors, 
none of which is larger than 3 cm. The post-transplant survival rate in such patients is similar to 
that of patients transplanted without malignancy: 85% at 1 year, 75% at 3 years, and 67% at 5 
years. Surgical resection of an isolated tumor is less likely to be tolerated in patients with 
cirrhosis and is more often considered in patients without advanced chronic liver disease. 
Patients who undergo surgical resection have a 50% 5-year survival rate. 


Local ablative treatments include radiofrequency ablation, percutaneous ethanol ablation, or 
transarterial chemoembolization. The two former options are reserved for patients who have no 
more than two tumors, both less than 3 cm. In chemoembolization, a chemotherapeutic agent 
along with lipiodol is injected into the hepatic artery and the artery is occluded. The effect on 
survival of these local modalities needs further study. 


| Mass on surveillance in a cirrhotic liver 
One dynamic imaging 
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Return to standard Proceed 
surveillance protocol according to 
(6-12 months) lesion size 


Repeat biopsy or 
imaging follow-up 


Negative 
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Repeat imaging 
and/or biopsy 


Figure 33. Evaluation of hepatocellular carcinoma. 
AFP = a-fetoprotein; HCC = hepatocellular carcinoma; US = ultrasonography. 
Reprinted from Varela M, Sanchez W, Bruix J, Gores GJ. Hepatocellular carcinoma in the 


setting of live transplantation. Liver Transpl. 2006;12:1028-1036. [PMID: 16799950] Copyright 
2006, John Wiley & Sons. Reproduced with permission of Blackwell Publishing Ltd. 


PreviousNext 


Fulminant Hepatic Failure 


Fulminant hepatic failure consists of the rapid development of acute or subacute liver injury 
accompanied by mental status changes. The time between the onset of liver disease and the 
development of encephalopathy is usually weeks, but encephalopathy can develop over a period 
of 3 to 6 months. One classification of fulminant hepatic failure defines the development of 
jaundice to encephalopathy within 1 week as hyperacute, within 4 weeks as acute, and within 1 
to 12 weeks as subacute. Patients with hyperacute liver failure have the best survival rate. 
Fulminant hepatic failure is rare in the United States and accounts for 6% of liver disease-related 
deaths and 6% of liver transplants. The most common cause of fulminant hepatic failure in the 
United States is acetaminophen toxicity, which can occur even in patients taking therapeutic 
doses of acetaminophen if they have underlying liver disease (especially alcoholic liver disease) 
(Table 50). Therapy with N-acetylcysteine is effective for the fulminant hepatic failure caused 
by acetaminophen toxicity. The only other effective medical treatments are penicillamine or 
silymarin (milk thistle) for Amanita mushroom poisoning and acyclovir for herpesvirus-induced 
liver failure. In other cases, liver transplantation is the only effective therapy; the survival rate 
with transplantation for fulminant hepatic failure is 65% to 80%. Therefore, recognition is 
important so that affected patients can be transferred to a liver transplantation center. 


The development of cerebral edema is the most common cause of death in patients with 
fulminant hepatic failure. Management of cerebral edema includes reducing stimulation, 
elevating the patient“s head, preventing fluid overload, and inducing hypothermia. 
Pharmacotherapy for cerebral edema includes use of mannitol. Other features of fulminant 
hepatic failure include worsening coagulopathy; metabolic abnormalities, including 
hypoglycemia and electrolyte abnormalities; and multiorgan involvement, including renal 
failure, high cardiac output, and lactic acidosis. 


Table 50. Causes of Fulminant Hepatic Failure 


Viral Hepatitis 

Hepatitis A, B, C, D, and E virus 
Herpes simplex virus 
Cytomegalovirus 

Epstein-Barr virus 

Herpes zoster virus 

Drugs 

Acetaminophen 

Isoniazid 

Tetracycline 
3,4-methylenedioxy-N-methylamphetamine (MDMA, the street drug Ecstasy) 
Toxins 

Amanita phalloides 

Bacillus cereus 

Budd-Chiari Syndrome 


Veno-occlusive Disease 

Acute Fatty Liver of Pregnancy 

HELLP Syndrome (hemolysis, elevated liver enzymes, low platelets) 
Wilson Disease 
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Liver Transplantation 


Patients with advanced cirrhosis should be evaluated for liver transplantation. The two types of 
liver transplantation are deceased-donor transplant, in which the entire liver from a donor is 
placed into the recipient and live-donor transplant, in which part of the liver from a compatible 
donor is used. The 1-year patient survival rate for liver transplantation is 84% and higher in some 
centers. Donor livers are allocated by the United Network for Organ Sharing (UNOS) through a 
point system referred to as the Model for End-stage Liver Disease (MELD). The MELD score is 
a calculation based on the INR (or prothrombin time) and the serum total bilirubin and creatinine 
levels (a calculator is available at www.unos.org/resources/meldPeldCalculator.asp). 


Additional points are given to patients with hepatocellular carcinoma within the Milan criteria 
(one nodule less than or equal to 5 cm, up to three separate nodules none larger than 3 cm). 


The evaluation for liver transplantation involves a multidisciplinary approach and includes 
hepatologists, surgeons, radiologists, and social workers. There are various contraindications to 
liver transplantation (Table 51), but patients who are acceptable candidates require ongoing 
evaluation and medical management to ensure they remain acceptable candidates. 


Table 51. Contraindications to Liver Transplantation 


Severe cardiac/pulmonary disease 

Extrahepatic malignancy (excluding some skin cancers) 
Advanced hepatocellular cancer 

Cholangiocarcinoma 

Systemic infections 

Morbid obesity 

Ongoing substance abuse 
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Hepatic Tumors, Cysts, and Abscesses 


Common benign liver lesions include cysts, adenomas, focal nodular hyperplasia, and abscesses. 
Hepatic cysts are by far the most common of these lesions and are usually detected incidentally 
on imaging obtained for other reasons. The cysts are usually asymptomatic unless they become 
very large and cause symptoms from mass effect on other organs. If a cyst becomes symptomatic 
or if there is evidence that it may not be a simple cyst, resection should be considered. However, 
cystadenomas may undergo malignant transformation and therefore, if suspected, should be 
resected. Cystadenomas can be differentiated from simple cysts by their radiographic 
appearance; cystadenomas have thicker irregular walls than simple cysts or internal thickened 
irregular septations. 


Focal nodular hyperplasia, a nonmalignant tumor more common in women than in men, is 
usually detected on imaging by the identification of a central scar. On pathologic examination, it 
appears as a large central artery running through this central scar that radiates outward as smaller 
vessels which run through fibrous tissue throughout the lesion, mimicking cirrhosis. The lesion is 
not hormone-responsive and, therefore, affected women do not have to discontinue birth control. 
The lesion should be resected only in the rare cases in which it causes mass effect on other 
organs. 


Hepatic adenomas, which are also more common in women than in men, are hormone- 
responsive and have a small but real malignant potential. Histologically, adenomas are 
characterized by sheets of benign-appearing hepatocytes and an absence of any biliary structures. 
Adenomas may rupture, leading to intraperitoneal bleeding; the risk of rupture is increased 
during pregnancy, and adenomas should be resected in women considering pregnancy. An 
alternative approach in women not seeking pregnancy who have adenomas that are less than 5 
cm in diameter and are taking hormones is to stop hormone treatment and repeat imaging after 
some time to determine whether the lesion has become smaller. 


Hepatic abscesses usually arise either from direct seeding of infected peritoneum or from 
hematogenous spread. The most common abdominal infections found to be associated with the 
development of hepatic abscesses are appendicitis and cholangitis; however, a cause is not found 
in up to 40% of patients. Pyogenic abscess should be considered in any patient who presents with 
fever, previous infection, and right upper quadrant discomfort. The most common organisms 
implicated in pyogenic liver abscesses include Escherichia coli and anaerobes; however, there 
have been increasing reports of pyogenic liver abscesses caused by Klebsiella pneumoniae in 
Japan, and therefore this should be taken into consideration when choosing antibiotic regimens. 
Most pyogenic abscesses are also managed with percutaneous drainage. Pus should be cultured 
for aerobes and anaerobes to guide antibiotic therapy. 


Amebic liver abscesses are caused by Entamoeba histolytica, and usually occur in patients who 
are from countries where amebiasis is endemic (such as Mexico and the countries of South 
America) or who have recently traveled to these countries. This infection also seems to be more 
common in patients who are HIV positive. Treatment of amebic liver abscess is important to 
prevent growth and rupture of the abscess, which can be life-threatening. In patients who have 
been in an endemic area and who have fever and right upper quadrant pain, serologic tests for E. 


histolytica are appropriate. If the test is positive, treatment with metronidazole should be 
instituted. 
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Pregnancy-Related Liver Disease 


There are various liver diseases associated with pregnancy (Table 52). Cholestasis of pregnancy 
is the most common and most benign pregnancy-related liver disease. The disorder, which has a 
genetic predisposition, is usually seen in the late second or third trimester of pregnancy. Affected 
women usually present with pruritus and cholestasis with total bilirubin levels not exceeding 10 
mg/dL (171 mmol/L). In some patients, serum aminotransferases are mildly elevated. Although 
most cases are benign, there is an increase in fetal mortality and an association with preterm 
delivery. Treatment consists of symptomatic relief to the mother, with ursodeoxycholic acid 
being the first drug of choice. 


The HELLP syndrome, which consists of microangiopathic hemolytic anemia, elevated liver 
tests, and a low platelet count, is a significantly more serious pregnancy-related liver disease. 
The disorder also occurs mainly in the second and third trimester of pregnancy and often in the 
presence of preeclampsia and eclampsia. It should be suspected in any patient who presents with 
clinical signs of preeclampsia and develops signs of acute liver disease. The syndrome is 
associated with a significant degree of fetal morbidity and a high risk of fetal and maternal 
mortality. The only treatment is immediate delivery of the fetus. In extreme cases, despite 
delivery the mother develops fulminant hepatic failure and requires liver transplantation. 


Acute fatty liver of pregnancy is rare, occurring in fewer than | in 16,000 deliveries. It usually 
occurs in the third trimester, and, like the HELLP syndrome, it can be associated with 
preeclampsia. It usually occurs in first pregnancies or in women pregnant with more than one 
fetus. The cause is believed to be associated with a defect in the beta oxidation of fatty acids in 
the fetus leading to acute accumulation of hepatic fat and the formation of microsteatosis in the 
mother. Presenting symptoms are usually vague; however, biochemical markers can be 
significantly abnormal including serum aminotransferase levels up to 1000 U/L as well as a 
significant elevation in the bilirubin. The development of encephalopathy or coagulopathy 
requires emergent delivery. Despite delivery, emergent liver transplantation for the mother may 
be rarely required. 


Table 52. Characteristics of Pregnancy-Related Liver 
Diseases 


Cholestasis of HELLP Acute Fatty Liver 
Pregnancy of Pregnancy 
Trimester Third Second and third and after Third 


delivery 


Bilirubin 


Aminotransferases 


Other Abnormal 
Laboratory Studies 


Treatment 
Prognosis 


<6 mg/dL (103 


umol/L), increased bile 


acids 
<500 U/L 


Ursodeoxycholic acid 
Good 


Can recur 


2-3 mg/dL (34-51 umol/L) Elevated 


<500 U/L 


Low platelet count 
Microangiopathic 
hemolytic anemia 


Delivery 
High fetal mortality 


Recurs 


Can lead to fulminant 
hepatic failure 


HELLP = hemolysis, elevated liver enzymes, low platelets syndrome. 
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Gallstones and Acute Cholecystitis 


500-1000 U/L 


Increased leukocyte 
count 


Increased uric acid 


Decreased glucose 
Delivery 
High fetal mortality 


Recurs; may lead to 
fulminant hepatic 
failure 


The prevalence of gallstones in the United States ranges from 5% for black men to 27% for 
Mexican-American women. Native Americans have the highest prevalence: 30% in men and 
64% in women. However, most gallstones are asymptomatic, the risk of developing symptoms 
being approximately 1% to 2% per year. Most patients with asymptomatic stones are managed 
conservatively. Bile binding agents are unlikely to be extremely effective in dissolving stones but 
may help prevent development of additional ones. 


There are three main types of gallbladder stones: cholesterol stones, brown pigment stones, and 
black pigment stones. Cholesterol stones, which are the most common type, classically occur in 
older obese women with a family history of gallstones. Brown pigment stones usually occur in 
the setting of biliary infections. Black pigment stones form as a consequence of increase in 
bilirubin load as occurs in hemolytic anemia. Microlithiasis, or sludge, can result in similar 
symptoms and complications as those in gallstones. 
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Complications of Gallstones 


Complications of gallstones include cholecystitis, choledocholithiasis, Mirizzi syndrome, 
cholecystenteric fistula, and acute pancreatitis. 
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Acute Cholecystitis 


Acute cholecystitis is the most common complication of gallstones and one of the most common 
causes of surgical emergencies. It is usually caused by the impaction of a gallstone in the neck of 
the gallbladder, thus inhibiting biliary drainage and leading to distention and edema of the 
gallbladder wall. Clinical symptoms usually include right upper quadrant abdominal pain 
associated with nausea, vomiting, and fever. On physical examination, deep palpation during 
inspiration can elicit pain in the right upper quadrant and cause inspiratory arrest, a finding 
known as a Murphy sign, which has a specificity of 79% to 96% for acute cholecystitis. The 
leukocyte count is elevated in acute cholecystitis, but there are no blood tests specific to the 
diagnosis. On ultrasonography, characteristic findings include an enlarged gallbladder often with 
a thickened wall. There is often evidence of stones or debris in the gallbladder and a reproducible 
sonographic Murphy sign. If the diagnosis is uncertain after ultrasonography, cholescintigraphy 
(HIDA scan) can also be performed to confirm the diagnosis. If the gallbladder cannot be 
visualized on HIDA scan because of outlet obstruction by stone or sludge, the test is considered 
positive. However, this study is not helpful in patients with intrinsic liver disease and elevated 
serum bilirubin levels. 


The treatment of acute cholecystitis depends on the severity of the symptoms and the health of 
the patient. When the diagnosis is suspected, the patient should not take anything by mouth and 
be supported with intravenous fluids, antibiotics such as metronidazole and ciprofloxacin or 
ampicillin-sulbactam, and intravenous analgesia if needed. Patients who present with mild 
symptoms can proceed directly to laparoscopic cholecystectomy. If the patient presents with 
significant inflammation or multiorgan system involvement, it may be necessary to proceed with 
percutaneous drainage followed by cholecystectomy when surgically appropriate. 
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Acalculous Cholecystitis 


Acalculous cholecystitis accounts for approximately 10% of all cases of cholecystitis. It often 
occurs in patients who have other serious comorbidities, such as trauma, burns, or prolonged 
fasting states, as well as a result of certain infections, especially in immunosuppressed patients. 
The disorder usually results from chronic stasis of bile in the gallbladder secondary to underlying 
disease, resulting in inflammation and distention of the gallbladder wall and ultimately infection 
and even perforation in severe cases. 


Management of acalculous cholecystitis is similar to that of acute calculous cholecystitis, but 
very ill patients may need to be initially managed with percutaneous drainage if they are too 
unstable to tolerate immediate surgical cholecystectomy. The mortality rate of acalculous 
cholecystitis is linked to the stability of the patient and ranges from 10% to as high as 90% in 
very ill patients. 
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Common Bile Duct Stones 


Common bile duct stones (choledocholithiasis) are the most common cause of acute cholangitis 
in the United States. Acute cholangitis results from either complete or intermittent obstruction of 
the bile duct with stone or sludge complicated by bacterial infection originating from the 
intestinal flora. Patients typically present with Charcot triad consisting of right upper quadrant 
pain, fever, and jaundice. In severely affected patients, mental status changes and hypotension 
may also be present. Most patients present with leukocytosis and elevated serum bilirubin and 
alkaline phosphatase levels; aminotransferases may also be significantly elevated. The disorder 
can be distinguished from other causes of elevated aminotransferases by the sharp rise in the 
levels followed by an acute large decrease indicative of intermittent obstruction. 
Ultrasonography is often diagnostic if biliary ductal dilatation is noted in the presence of 
associated clinical symptoms. Magnetic resonance cholangiopancreatography (MRCP) is a more 
sensitive study than ultrasonography; it has a sensitivity of greater than 90% and offers the 
advantage of avoiding invasive ERCP. ERCP carries the risk of pancreatitis or bile duct or 
duodenal perforation of up to 3% with a mortality rate of 0.2%. 


Medical management of the patient requires prompt initiation of broad-spectrum antibiotics with 
coverage of enteric gram-negative bacteria such as Escherichia coli and Klebsiella species. 
Fluoroquinolones are often an adequate initial choice. Severely ill patients with hypotension or 
sepsis, however, also require emergent decompression of the biliary tract with ERCP, 
percutaneous drainage, or surgery. ERCP is associated with less morbidity and mortality and is 
therefore the first-choice management if available. Cholecystectomy should be considered after 
the patient is stable and adequately treated with antibiotics to reduce the recurrence of 
choledocholithiasis. 
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Mirizzi Syndrome 


Mirizzi syndrome is an uncommon disorder that occurs in approximately 0.1% of all patients 
presenting with gallstones. It is defined by the external compression of the common hepatic duct 
that most often results from a large stone that becomes lodged in the cystic duct or distal portion 
of the gallbladder. The resulting compression of the common hepatic duct leads to cholestasis, 
pain, and jaundice. In advanced stages, cholecystocholedochal fistula formation can occur. 


Diagnosis is usually made with ultrasonography and can be confirmed by either a CT scan or 
MRCP. Common reported findings include dilatation of the common hepatic duct at the level of 
the cystic duct. Sometimes, an impacted stone in the cystic duct or neck of the gallbladder is 
seen, especially with CT or MRCP. An additional finding is the lack of dilatation below the level 
of the obstruction in the common bile duct. If confirmed, decompression and sometimes stenting 
before surgery are often required. 
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Biliary Tract Neoplasms 


e Gallbladder Carcinoma 


e Cholangiocarcinoma 
e Adenocarcinoma of the Ampulla of Vater 
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Gallbladder Carcinoma 


Gallbladder cancer, the most common malignancy of the biliary tract, is usually diagnosed at an 
advanced stage and therefore has a very poor prognosis; most studies report a 5-year survival 
rate of 0 to 10%. Up to 2% of patients who undergo elective cholecystectomy for gallstones are 
incidentally found to have carcinoma of the gallbladder. In the United States, whites are more 
commonly affected than blacks. 


The pathogenesis of gallbladder carcinoma is not entirely known, but gallstones are a significant 
risk factor; 65% to 90% of patients with gallbladder cancer also have gallstones, although only 
1% to 3% of patients with known gallstones develop cancer. Other risk factors for gallbladder 
cancer include a calcified gallbladder (porcelain gallbladder), gallbladder polyps, anomalous 
pancreaticobiliary duct anatomy, obesity, and estrogens. It is recommended that polyps larger 
than 1 cm in diameter be treated with cholecystectomy. 


Early gallbladder cancer is asymptomatic. Presenting symptoms include jaundice, weight loss, 
and anorexia and occur when the cancer is usually advanced and likely unresectable. 
Approximately 80% of patients have invasion of either adjacent organs or distant metastases at 
diagnosis. The best case is the incidental diagnosis made during surgery for acute cholecystitis, 
which occurs in 1% of cholecystectomy specimens. 


The diagnosis can be made with ultrasonography, which may show an irregular fixed polypoid 
lesion without acoustic shadowing. Endoscopic ultrasonography can help in both diagnosing and 
staging the disease. CT scan and/or MRI can confirm the extent of spread and involvement of 
vessels and lymph nodes. 


Optimal treatment is surgical resection, which often requires resection of not only the gallbladder 
but also parts of the regional anatomy. Simple cholecystectomy is felt to be curative only for 
disease limited to the mucosa. Adjuvant radiation therapy or chemotherapy has been shown in 
some studies to offer benefit, but results have been conflicting and the studies small. Palliative 
surgery is the only option for some patients with advanced disease. 
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Cholangiocarcinoma 


Cholangiocarcinomas are tumors that arise from the biliary tract. They have an overall low 
incidence reported to be approximately 8 in one million in the United States; however, the 
incidence is rising. Risk factors include primary sclerosing cholangitis, ulcerative colitis, 
intrahepatic bile duct stones, and, less commonly in the United States, liver fluke infections. The 
tumors are classified by their anatomic location as hilar (Klatskin tumor), intrahepatic, and distal 
extrahepatic bile duct cancer. Symptoms are more common with tumors that obstruct the hilum 
or extrahepatic bile duct. Symptomatic patients usually present with painless jaundice and 
pruritus with associated weight loss. The tumor marker CA19-9 may be elevated in 
cholangiocarcinoma, but it can also be elevated in other disease states even in the absence of 
malignancy. 


Ultrasonography may be sufficient for diagnosis if there is ductal dilatation as a result of the 
tumor. However, MRI with magnetic resonance cholangiopancreatography (MRCP) is the 
radiologic modality of choice as it can also assist in staging. CT angiography can delineate 
vasculature involvement. With ERCP, biopsy samples can be taken and therapeutic stents can be 
placed, but the procedure cannot stage the disease. Endoscopic ultrasonography with fine-needle 
aspiration can also be used to obtain tissue samples. Although a tissue diagnosis is confirmatory, 
a negative result does not rule out malignancy. Cholangioscopy is a newer technology that 
allows for intraductal visualization to assess for malignancy and may become a more commonly 
used diagnostic modality in the future. 


Surgical resection is the only curative treatment for cholangiocarcinoma; however, even with 
successful resection the 5-year survival rate is 20% to 35%. The survival rate in patients who do 
not achieve clear margins during surgery is dismal. Although good outcomes with liver 
transplantation have been reported in a few centers, liver transplantation is not an option for most 
patients with cholangiocarcinoma because of the very high recurrence risk. The outcome in 
patients treated with either radiation therapy or chemotherapy is poor. 
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Adenocarcinoma of the Ampulla of Vater 


The ampulla of Vater comprises the muscle fibers that surround the duodenal portion of the 
common bile duct and pancreatic duct and open into the duodenal lumen through the papilla of 
Vater. Tumors can arise from any structure in this area, including the bile duct, pancreatic duct, 
or duodenum. 


Patients at increased risk for this tumor include those with familial adenomatous polyposis or 
hereditary nonpolyposis colorectal cancer syndromes. These patients should, therefore, be 
screened for ampullary cancer. Tumor markers are not very specific for ampullary cancers, but 
serum CA 19-9 and carcinoembryonic antigen (CEA) may be elevated. Most tumors become 
evident when the patient presents with painless jaundice or with signs of gastric outlet 
obstruction from duodenal obstruction. Initial imaging is usually ultrasonography; however, CT 
or MRI with MRCP is more definitive and can assist in staging disease. ERCP and endoscopic 
ultrasonography allow for tissue sampling, and ERCP has the added benefit of allowing the 
decompression of ductal obstruction by the placement of a stent. The treatment for 
adenocarcinoma of the ampulla of Vater is pancreaticoduodenectomy if there is no evidence of 
advanced disease. 
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Gastrointestinal Bleeding 


Introduction 


Upper Gastrointestinal Bleeding 
Lower Gastrointestinal Bleeding 


Obscure Gastrointestinal Bleeding 


Key Points 


The most common cause of nonvariceal upper gastrointestinal bleeding is peptic ulcer 
disease secondary to Helicobacter pylori infection or use of NSAIDs. 

The most important part of treating upper gastrointestinal bleeding is establishment of 
intravenous access and correction of volume loss with fluid resuscitation and transfusion 
of blood products when needed. 

Upper endoscopy provides diagnosis of the cause of bleeding, treatment of the bleeding 
source, and prognosis for the risk of rebleeding. 

Surgery or interventional radiology for upper gastrointestinal bleeding should be reserved 
for patients who fail to respond to medical and endoscopic therapy. 

Up to 20% of episodes of acute gastrointestinal bleeding result from a lower 
gastrointestinal source. 

Colonoscopy is effective in the early diagnosis and treatment of lower gastrointestinal 
bleeding. 

The most common causes of acute lower gastrointestinal bleeding are diverticulosis, 
vascular ectasias, and ischemic colitis. 

Most episodes of lower gastrointestinal bleeding resolve spontaneously and simply 
require supportive care. 

Repeating upper endoscopy or colonoscopy detects the cause of obscure gastrointestinal 
bleeding in a significant number of patients. 

Capsule endoscopy and double-balloon endoscopy play central roles in identifying and 
treating small-bowel sources of bleeding. 
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Introduction 


Blood loss from the gastrointestinal tract is a major source of morbidity and accounts for greater 
than 300,000 hospitalizations per year. Upper gastrointestinal tract bleeding requiring 
hospitalization is five times more common than lower bleeding and has a mortality rate of up to 


10%. Nonvariceal hypertensive bleeding is generally the result of an underlying disorder such as 
cancer, ulceration, vascular malformation, or inflammation. Additionally, the widespread use of 
NSAIDs and the increasing use of anticoagulants and antiplatelet agents have complicated the 
management of patients with bleeding. The approach to the patient must therefore consider the 
acuity of the bleeding, anatomic site of blood loss, and underlying pathophysiology. The 
introduction of endoscopic clips, wireless capsule endoscopy, and double-balloon enteroscopy 
have broadened the options for diagnosis and treatment. Treatment often involves a 
multidisciplinary approach, including a gastroenterologist, radiologist, and surgeon. 
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Upper Gastrointestinal Bleeding 


Upper gastrointestinal bleeding may have variceal and nonvariceal causes. Variceal bleeding, 
which is associated with portal hypertension and often chronic liver disease, is discussed under 
the complications of liver disease. 


The most common cause of nonvariceal bleeding is peptic ulcer disease, including both gastric 
and duodenal ulcers and accounting for 35% to 50% of all cases of upper gastrointestinal 
bleeding. Most peptic ulcers occur secondary to Helicobacter pylori infection or use of NSAIDs. 
Esophagitis and gastritis, which account for up to 25% of upper gastrointestinal bleeding, and a 
Mallory-Weiss tear of the gastroesophageal junction secondary to retching, which accounts for 
up to 15%, are other common causes. Malignancy of the upper gastrointestinal tract is a rare 
cause. Gastric antral vascular ectasia (GAVE syndrome, also called watermelon stomach) and 
arteriovenous malformations can cause both chronic and acute gastrointestinal bleeding. Rarer 
causes include Dieulafoy lesion (an exposed arteriole), hemobilia (bleeding from the biliary 
tree), and hemosuccus pancreaticus (blood loss from the pancreatic duct). A rare cause but one 
with high morbidity in a patient with recent vascular surgery is an aortoenteric fistula. 
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Evaluation of the Patient with Upper Gastrointestinal 
Bleeding 


In a patient with suspected upper gastrointestinal bleeding, medical history should focus on 
previous gastrointestinal bleeding, chronic liver disease, peptic ulcer disease, and use of 
anticoagulants and NSAIDs. The presenting symptoms can suggest the degree and volume of 
blood loss. The presence of melena (black, tarry stools) suggests an upper gastrointestinal tract 
source but can be associated with loss of as little as 150 to 200 mL of blood. Hematemesis of 
bright red blood is associated with ongoing upper bleeding, whereas hematochezia secondary to 
an upper source is suggestive of brisk ongoing bleeding of at least 1000 mL of blood. 
Presyncope and syncope may occur with hypovolemia secondary to bleeding. 


The physical examination should concentrate on stigmata of chronic liver disease (which would 
suggest a variceal source of bleeding), any scars from recent surgery, and abdominal tenderness 
consistent with peptic ulcer disease. Resting tachycardia (heart rate >100/min) suggests a 15% to 
30% loss of blood volume, while a blood pressure that is below normal is consistent with a loss 
of more than 30% of blood volume. Signs of orthostatic hypotension with a decrease in blood 
pressure and/or an increase in pulse rate of more than 30/minute may indicate large volume loss 
when resting heart rate and blood pressure are normal but may be insensitive for smaller amounts 
of blood loss. With severe blood loss the respiration rate can increase, with confusion and mental 
status changes. 
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Management of Upper Gastrointestinal Bleeding 


The first step in the management of acute upper gastrointestinal bleeding is fluid resuscitation. 
Volume loss is estimated by pulse rate, blood pressure, and presence of orthostatic hypotension. 
Endoscopic or surgical treatment should generally not be performed until the patient has been 
resuscitated with intravenous fluids and/or blood products. Two large-bore intravenous sites or 
central access should be obtained for volume infusion. In the first 24 hours hemoglobin and 
hematocrit are often inaccurate determinants of blood loss due to hemoconcentration. 


Patients with significant volume loss, liver disease, or comorbid conditions should be admitted to 
a monitored care or intensive care unit setting. Therapy with an intravenous proton pump 
inhibitor has been shown to reduce the risk of recurrent bleeding. If it is unclear whether the 
bleeding is variceal, the vasodilating drug octreotide should be given. 


Upper endoscopy should be performed within the first 24 hours of admission and emergently for 
patients with rapid bleeding or with suspected end-stage liver disease. Endoscopy can determine 
the cause of bleeding and distinguish high-risk lesions for both continued bleeding and 
rebleeding, such as a bleeding ulcer, from low-risk lesions, such as a Mallory-Weiss tear. 


Acutely bleeding nonvariceal sources can be treated endoscopically with injection of normal 
saline which tamponades the small mucosal and submucosal vessels or more commonly diluted 
1:10,000 epinephrine. Coagulation of the bleeding source can be performed with contact thermal 
probes passed through the endoscope or noncontact techniques such as argon plasma 
coagulation. Combination therapy with injection therapy followed by thermal therapy is often 
performed. Endoclips, which are metallic mechanical devices that function like a suture, can be 
used in endoscopy to provide sufficient hemostasis for most upper gastrointestinal bleeding 
sources. 


With endoscopic therapy, outcomes are poorer and rebleeding rates are higher in the elderly and 
patients with comorbid disease, particularly cardiac disorders, malignancy, and cirrhosis. Patients 
who present with hypotension/shock, hematochezia from an upper source, a frankly bloody 
nasogastric aspirate, or a large transfusion requirement are more likely to fail to respond to initial 


endoscopic treatment or to rebleed in the first few days after endoscopic treatment whether or not 
they have comorbidities. 


Patients with bleeding from sources secondary to portal hypertension, such as esophageal or 
gastric varices, are at high risk for rebleeding despite advancements in endoscopic and 
nonendoscopic treatment. Patients with arterial spurting during endoscopy can have a rebleeding 
rate as high as 90%. Patients with a visible vessel or adherent clot on an ulcer may have 
rebleeding rates of 50% and up to 30%, respectively. Patients who have a pigmented flat spot 
associated with an ulcer or a clean-based ulcer are at low risk for rebleeding, and if they are 
stable with few other comorbid illnesses can usually be discharged after only a short time in the 
hospital. 


When endoscopic therapy is ineffective, interventional radiology or surgery should be 
considered, especially in patients who continue to bleed despite endoscopic therapy or who have 
multiple rebleeding episodes, large ulcers along the lesser curvature of the stomach or posterior 
wall of the duodenum, or aortoenteric fistulae. Interventional radiology may achieve hemostasis 
with angiography and embolization. Surgical management, particularly of bleeding ulcers, is the 
most definitive therapy but is associated with significant morbidity and even death in patients 
with active bleeding. 
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Lower Gastrointestinal Bleeding 


Lower gastrointestinal bleeding is defined as bleeding into the lumen of the gastrointestinal tract 
that emanates from a source distal to the ligament of Treitz. Acute lower gastrointestinal 
bleeding is defined as bleeding for less than 3 days, whereas chronic bleeding consists of an 
intermittent and slow loss of blood over several days or longer. The most common causes of 
chronic bleeding include neoplasms, angiectasias, and inflammatory bowel disease. The annual 
incidence of lower gastrointestinal bleeding requiring hospitalization is approximately 21 per 
100,000 adults in the United States. The risk increases with age, with a mean age ranging from 
63 to 77 years. Lower bleeding accounts for approximately 20% of all episodes of 
gastrointestinal bleeding requiring hospitalization, and the most common source is the colon. 
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Causes 


e Diverticular Bleeding 
e Ischemic Colitis 

e Vascular Ectasias 

e Hemorrhoids 

e Other Causes 
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Diverticular Bleeding 


Up to 15% of patients with diverticulosis develop bleeding, a complication that occurs more 
frequently in the elderly. Diverticular bleeding accounts for 24% to 50% of cases of lower 
gastrointestinal bleeding. While diverticulosis occurs more commonly in the sigmoid or left 
colon, diverticular bleeding more commonly occurs in the right colon. Bleeding is arterial, 
resulting from medial thinning of the vasa recta as they drape over the dome of the diverticulum. 
Generally patients do not have other symptoms; diverticulitis and bleeding almost never coexist. 
Physical examination is generally unremarkable unless large blood loss results in tachycardia, 
hypotension, and orthostasis. Volume resuscitation via two large-bore intravenous catheters is 
mandated first before any diagnostic or therapeutic procedures. Blood products are transfused as 
needed. Colonoscopy, generally after a purge with polyethylene glycol, may identify the 
bleeding diverticulum and permit endoscopic treatment with epinephrine and/or electrocautery; 
colonoscopy may also help identify other causes of bleeding such as vascular ectasias. If a 
specific bleeding source cannot be identified, a bleeding scan may be performed to localize the 
source. Angiography is 100% specific in identifying the affected artery, but bleeding must be 
active at the time of the test; vasopressin administration and embolization may also be performed 
in this manner. Surgery is reserved for refractory bleeding, and ideally when the site is known a 
segmental resection can be done rather than a subtotal colectomy. In 70% to 90% of cases, the 
bleeding spontaneously remits; rebleeding occurs in 22% to 38% of patients. 
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Ischemic Colitis 


Ischemic colitis, which accounts for between 1% and 19% of episodes of lower gastrointestinal 
bleeding, results from a sudden temporary reduction in mesenteric blood flow. This 
hypoperfusion typically affects the “watershed” areas of the colon, that is, the splenic flexure and 
rectosigmoid junction. Patients may report dizziness but may not recall any such episodes. They 
present with sudden onset of mild crampy abdominal pain and subsequent passage of bloody 
stool or bloody diarrhea. Endoscopically, there is a well-defined segment of cyanotic or ulcerated 
mucosa. CT scan, which is increasingly used to make the diagnosis, shows a segmental colitis. 
Most episodes resolve spontaneously with supportive care, such as intravenous fluids and pain 
control. 


Ischemic colitis is fundamentally different from acute mesenteric ischemia, which presents with 
pain out of proportion to physical examination and is usually secondary to a thrombotic event. 
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Vascular Ectasias 


Angioectasias, also known as vascular ectasias or angiodysplasias (or errantly arteriovenous 
malformations), account for up to 11% of episodes of lower gastrointestinal bleeding. They are 
painless dilated submucosal vessels that radiate from a central feeding vessel. Affected patients 
may present with iron deficiency anemia and occult gastrointestinal bleeding or with 
hematochezia that is indistinguishable from diverticular hemorrhage. 
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Hemorrhoids 


Typically patients with hemorrhoidal bleeding report streaks of bright red blood on the toilet 
paper or on the outside of a firm stool. There is usually pain associated with defecation. 
However, the hemorrhoids themselves are not painful because there is no enervation to the 
colonic mucosa proximal to the dentate line. Hemorrhoids are unlikely to cause serious bleeding. 
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Other Causes 


Significant lower gastrointestinal bleeding may also be caused by inflammatory bowel disease, 
neoplasms, infectious colitis, radiation colitis, Meckel diverticulum, NSAIDs and ulcers, post- 
polypectomy ulcer, and rarely colonic varices and Dieulafoy lesions. 
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Evaluation 


Patients with acute lower gastrointestinal bleeding present with hematochezia, clots per rectum, 
or melena. Associated symptoms and signs include chest pain, shortness of breath, orthostasis, 
and syncope. These findings may indicate a rapid upper gastrointestinal bleed, and upper 
endoscopy should be considered. 


In patients with suspected lower gastrointestinal bleeding, previous episodes of gastrointestinal 
bleeding should be noted, as should use of antiplatelet or anticoagulation therapy and aspirin and 
NSAIDs. A history of pelvic radiation therapy for prostate, rectal, or cervical cancer should be 
elicited as well. The results of previous endoscopic examinations should be obtained, especially 
if there was a colonoscopy with polypectomy in the preceding 2 weeks. Independent risk factors 
for lower gastrointestinal bleeding are a hematocrit less than 35%, tachycardia, hypotension, and 
gross blood on rectal examination. 
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Management 


If the patient is hemodynamically unstable, the patient should be resuscitated as in the case of a 
nonvariceal upper gastrointestinal bleed. Although most episodes of lower gastrointestinal 
bleeding resolve spontaneously, it is important to establish the cause of bleeding. Approximately 
10% to 15% of patients with hematochezia have an upper source. Nasogastric lavage is not 
recommended to exclude an upper gastrointestinal bleed, because a duodenal ulcer may yield a 
false-negative result. 


Colonoscopy is recommended within the first 48 hours of admission for a suspected lower 
gastrointestinal bleed; early colonoscopy has been correlated with decreased length of hospital 
stay and improved outcome. The procedure should be performed after first purging the colon 
with polyethylene glycol, which improves endoscopic visualization and diagnostic yield. The 
yield of colonoscopy in this setting ranges from 48% to 90%. 


Endoscopic treatments to control intestinal bleeding of either the upper or lower tract include 
coaptive bipolar cautery, injection of epinephrine, endoclips, and argon plasma coagulation. The 
therapy depends on the type of lesion. Treatment of bleeding and nonbleeding visible vessels and 
adherent clots decreases recurrence rates. 


If colonoscopy does not identify a discrete lesion or endoscopic therapy does not control the 
bleeding, radiologic evaluation or surgery may be indicated. The two primary types of radiologic 
evaluation are technetium-99m (””"Tc) pertechnetate red blood cell scanning and angiography. 
Red blood cell scanning is positive in 45% of patients with an active bleed and has an overall 
accuracy for localizing the bleeding of 78%. It can detect ongoing bleeding occurring at a rate of 
0.1 to 0.5 mL/min. This scan is more sensitive than angiography and is often the first radiologic 
test performed. A technetium-99m E™To) pertechnetate scan should also be considered in 
younger patients with undiagnosed overt lower gastrointestinal bleeding. Angiography cannot 
detect the bleeding site if the bleeding rate is less than 1 mL/min; however, the advantage of 
angiography as a primary modality is its ability to provide selective embolization. Initial control 
of hemorrhage with angiotherapy ranges from 60% to 100%. 

If technetium-99m (°""Tc) pertechnetate red blood cell scanning and angiography are negative 
and the bleeding continues, a small bowel evaluation via video capsule endoscopy or push 
enteroscopy should be attempted. The yield of detecting the source of occult gastrointestinal 
bleeding by capsule endoscopy is highest in a patient with active bleeding. If the source of 
bleeding cannot be identified and bleeding persists, surgery should be considered. Preoperative 
localization of the region of bleeding is imperative to avoid an extensive subtotal colectomy. 
This can be the case with diverticular disease where the exact source is not visualized on 
angiography. 


The mortality rate from lower gastrointestinal bleeding is generally less than 5%, but is highest 
in patients who are hospitalized for other reasons when the bleeding occurs. Elderly patients with 


comorbid conditions who are undergoing aggressive transfusions and fluid resuscitation should 
be treated in the intensive care unit. 
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Obscure Gastrointestinal Bleeding 


Obscure gastrointestinal bleeding is defined as recurrent blood loss without an identified source 
of bleeding, despite investigation with standard upper endoscopy and colonoscopy. Patients with 
obscure bleeding present with either overt bleeding in which there is clinically evident 
hemorrhage in the form of melena or hematochezia or with occult bleeding in which blood loss is 
not clinically evident but may be detected with fecal occult blood testing. Obscure recurrent 
bleeding accounts for 5% of hospitalizations for gastrointestinal hemorrhage. 
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Differential Diagnosis 


The sources of gastrointestinal bleeding may not be readily identified for various reasons. 
Lesions may bleed intermittently, such as in the Dieulafoy lesion, a submucosal artery that 
protrudes through the mucosa and causes acute recurrent brisk hemorrhage. Volume contraction 
or a low hemoglobin concentration may alter the appearance of a bleeding source. For example, 
an esophageal varix may decompress with an episode of bleeding, or a site of angiodysplasia 
may not be evident in the setting of profound anemia. The source of bleeding may not originate 
in the intestinal lumen as is the case in hemosuccus pancreaticus and hemobilia. Subtle or rare 
causes of bleeding may not be recognized at endoscopy if careful inspection is not performed or 
if the endoscopist is not familiar with uncommon findings. Finally, the cause of bleeding may be 
located within the small bowel and therefore not within the reach of the endoscope or 
colonoscope. 


The history and physical examination for obscure gastrointestinal bleeding are similar to those 
for upper and lower bleeding. Patient age is important to the differential diagnosis because 
causes of bleeding in young patients may be different from those in older patients (Table 53). 
For example, Meckel diverticulum is more likely in a young patient, whereas angiodysplasia is 
more common in the elderly. The physical examination findings of perioral pigmentation that 
occurs in Peutz-Jeghers syndrome should raise suspicion of a small-bowel polyp, and mucosal 
telangiectasias are a clue to hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu 
syndrome). 


Table 53. Age-dependent Differential Diagnosis of Obscure 
Bleeding 


Age Differential Diagnosis 
(Years) 


<20 Peutz-Jeghers syndrome 


Meckel diverticulum 
Hemangioma 


Congenital arteriovenous 
malformation 


Dieulafoy lesion 
20-60 Crohn disease 


Chronic radiation therapy or 
NSAID-induced ulcers 


Large hiatal hernia - Cameron 
erosion 


Meckel diverticulum* 
Gastric antral vascular ectasia 


(watermelon stomach) 
Post-radiation angiectasia 
Dieulafoy lesion 


Tumors 


von Willebrand disease 
>60” Amyloidosis 


Angiectasia 
Hereditary hemorrhagic 


telangiectasia 
Malignancy 


“Up to age 35—40 years. 


Type of 
Bleeding 


Occult 


Overt 
Overt 
Overt 


Overt 


Occult or 
overt 


Occult 
Occult 


Overt 


Occult or 
overt 
Occult or 
overt 


Overt 


Occult or 
overt 
Occult 
Occult or 
overt 
Occult or 
overt 
Occult or 
overt 


Occult or 
overt 


"Includes all diagnoses in the 20—60 age group. 


Diagnostic Clues 


Perioral pigmentation; obstructive 
symptoms 

Possible abdominal pain 

Possible cutaneous hemangiomas 
Bruit 


Recurrent massive bleeding with 
normal endoscopic studies 


Extraintestinal manifestations; family 
history; abdominal pain 


History; medication review 
Previous upper gastrointestinal 
radiographs; chest radiograph 
Possible abdominal pain 
History 

Recurrent massive bleeding with 
normal endoscopic studies 
Weight loss; lymphadenopathy 
Epistaxis; other bleeding sites 
Organomegaly, purpura, renal 
involvement 


Telangiectasias on mouth, face, fingers 


Weight loss; pain 
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Diagnostic Evaluation 


In a patient with recurrent bleeding, endoscopy and/or colonoscopy should be repeated. Studies 
of push enteroscopy have found that the source of blood loss is located within the reach of the 
diagnostic endoscope in 37% of cases. If a repeat study is nondiagnostic, the next step depends 
upon the severity and suspected location of blood loss. 


PreviousNext 
Angiography 


In a patient with brisk overt bleeding, urgent angiography may be both diagnostic and 
therapeutic. Angiographically evident bleeding typically requires blood loss at a rate of 1 
mL/min. Therefore, for patients who are not aggressively bleeding, the sensitivity is poor, and 
even in the setting of active bleeding, the sensitivity only reaches 40%. The diagnostic yield for 
angiography is maximized if an immediate preprocedure nuclear medicine scan identifies 
bleeding. In the case of a positive test, angiographic embolization can halt bleeding in 70% to 
90% of cases. Complications from angiography include renal failure, vascular dissection, 
aneurysm formation, and ischemia of the embolized segment. Complications occur in 11% of 
patients who undergo therapeutic embolization. 
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Technetium Labeled Nuclear Scan 


Nuclear medicine scans can identify bleeding at much lower rates of hemorrhage than 
angiography. A technetium-99m (”’"Tc) radiolabeled red blood cell scan can visualize bleeding 
rates as low as 0.10 mL/min, whereas a technetium-labeled sulfur colloid scan requires only 0.05 
mL/min. In the case of the sulfur colloid scan, however, rapid uptake and the liver and spleen 
limits the ability to assess sources of blood loss in the upper abdomen. The findings on nuclear 
medicine bleeding scans are nonspecific; bleeding may be observed and localized to a general 
region, but distinguishing between colonic and small-bowel sources of bleeding is difficult. The 
primary role of nuclear medicine bleeding scans is in stratifying patients likely to benefit from 
angiography or surgery. 
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Wireless Capsule Endoscopy 


In wireless capsule endoscopy, a patient swallows a video capsule that by intestinal motility 
passes through the stomach and into the small intestine. The video capsule transmits images to a 
recording device worn by the patient. The images are downloaded onto a computer where they 
can be reviewed. With capsule endoscopy the small bowel can be visualized in its entirety, and 
the procedure, which has been shown to detect sources of bleeding in 70% of patients, is 
considered the test of choice to follow standard endoscopy in patients with obscure bleeding. The 
most common abnormalities detected on capsule endoscopy are vascular ectasias, with small- 
bowel ulceration and tumors of the small intestine being the next most frequent findings. The 
miss rate for capsule endoscopy based upon a pooled analysis of studies is 11%. The primary 
complication is retention of the capsule because of an obstructing mass or stricture. Retained 
capsules deep within the small bowel can often be removed by double-balloon endoscopy, 
although surgery may be required. 
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Push Enteroscopy 


Push enteroscopy consists of direct insertion of an endoscope longer than the standard upper 
endoscope and has the advantage of being both diagnostic and therapeutic. The working channel 
of the endoscope allows for biopsy of lesions and treatment of bleeding sites. The push 
enteroscope can be advanced up to 150 cm beyond the pylorus; however, the depth of insertion 
varies greatly and depends on the operator as well as on the patient“s anatomy. The yield for 
enteroscopy varies from 13% to 78%. Push enteroscopy is complementary to capsule endoscopy 
and is most often performed for the evaluation of lesions detected on capsule endoscopy that are 
within the reach of the enteroscope or if capsule endoscopy is unavailable. Complications of 
push enteroscopy include mucosal ulceration and avulsion, bleeding, and perforation. 
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Double-Balloon Endoscopy 


The double-balloon endoscope is a system that uses two latex balloons, one mounted on the 
endoscope and a second balloon on the overtube, which are successively inflated and deflated to 
pleat the bowel over the endoscope and achieve deep intubation of the small intestine. Double- 
balloon endoscopy may be performed via the oral or transanal route and has replaced 
intraoperative enteroscopy in many cases. The role for double-balloon endoscopy is to evaluate 
or treat findings seen on capsule endoscopy, for evaluation of ongoing bleeding when bleeding is 
brisk enough that the need for endoscopic hemostasis is expected, and as a complementary test 
when a small-bowel source of bleeding remains a concern despite a nondiagnostic capsule 
endoscopy. The chief complication of double-balloon endoscopy is perforation. 
Contraindications include severe ulceration, recent surgical anastomosis, radiation enteritis, or 
any other cause of a weakened bowel wall. 
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Small-Bowel Radiography 


Evaluation of the small bowel with barium radiography and single-contrast small-bowel follow- 
through or enteroclysis (small-bowel barium enema) has little role in the evaluation of patients 
with obscure bleeding. The diagnostic yield (5% to 20%) is inadequate to support its use, and 
angiodysplasia, which accounts for most cases of obscure bleeding, is routinely missed on small- 
bowel barium studies. Small-bowel radiography may detect tumors, Crohn disease, Meckel 
diverticulum, and jejunal diverticulosis, which may be causes of obscure bleeding. 
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Intraoperative Endoscopy 


Intraoperative endoscopy is not usually required for diagnosis because wireless capsule 
endoscopy and double-balloon endoscopy have improved the ability to diagnose and treat small- 
bowel sources of bleeding. Nevertheless, intraoperative endoscopy may be required for ongoing 
life-threatening bleeding without an identified source. Rebleeding rates up to 24% have occurred 
after surgical treatment. This finding is more representative of the multifocal and dynamic nature 
of the cause of obscure bleeding rather than suboptimal surgical technique. 
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Treatment 


Treatment of obscure gastrointestinal bleeding depends on the cause of blood loss. 
Angiodysplasia can generally be treated endoscopically with electrothermal cautery or argon 
plasma coagulation, although rebleeding is common in such cases. Angiography is often central 
to treatment, particularly in the setting of brisk bleeding. If angiography is ineffective, 
intraoperative endoscopy may be required. 


Cessation of offending medications may be all that is needed to treat the cause of bleeding. In 
NSAID-induced small-bowel ulceration, stopping the offending agent will allow mucosal 
healing. Similarly, avoiding antiplatelet agents or anticoagulants may be considered on a case- 
by-case basis. There is some evidence suggesting that estrogen-progesterone and octreotide may 
be beneficial for recurrent bleeding from enteric angiodysplasia. Bleeding from malignancy 
generally requires surgical resection, although if surgery is not feasible, angiography and 
endoscopy have had limited short-term success. 
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Routine Care of the Healthy Patient 


Screening 
Family History and Genetic Testing 


Immunization 
Lifestyle Risk Factors 


Key Points 


The U.S. Preventive Services Task Force recommends routine periodic screening for 
hypertension, obesity, dyslipidemia (men >35 years), osteoporosis (women >65 years), 
abdominal aortic aneurysm (one-time-screening), depression, and HIV infection. 

The U.S. Preventive Services Task Force recommends routine periodic screening for 
colorectal cancer (persons 50-74 years of age), breast cancer (women >40 years), and 
cervical cancer. 

The U.S. Preventive Services Task Force recommends that all pregnant women be 
screened for asymptomatic bacteriuria, iron-deficiency anemia, hepatitis B virus, and 
syphilis. 

The U.S. Preventive Services Task Force recommends against screening for 
hemochromatosis; carotid artery stenosis; coronary artery disease; herpes simplex virus; 
or testicular, ovarian, pancreatic, or bladder cancer. 

Outside of prenatal, preconception, and newborn care, genetic testing should not be 
performed in unselected populations because of lower clinical validity; potential for false 
positives; and potential for harm, including “genetic labeling.” 

For patients for whom genetic testing may be appropriate, referral for genetic counseling 
should be provided before and after testing. 

A human papillomavirus vaccine series is indicated in females ages 9 through 26 years, 
regardless of sexual activity, for prevention of cervical cancer. 

A single dose of tetanus-diphtheria—acellular pertussis (Tdap) vaccine should be given to 
adults ages 19 through 64 years to replace the next tetanus-diphtheria toxoid (Td) booster. 
A zoster (shingles) vaccine is given to all patients 60 years and older regardless of history 
of prior shingles or varicella infection. 

Asymptomatic adults who plan to be physically active at the recommended levels do not 
need to consult with a physician prior to beginning exercise unless they have a specific 
medical question. 

Smoking status should be determined for all patients. 

Patients who want to quit smoking should be offered pharmacologic therapy in addition 
to counseling, including telephone quit lines. 

Routine screening is recommended to identify persons whose alcohol use puts them at 
risk. 

For management of alcohol abuse and dependence, referral for specialty treatment is 
recommended; for management of alcohol misuse, brief behavioral counseling may be 
useful. 

Clues for chemical dependency include unexpected behavioral changes, acute 
intoxication, frequent job changes, unexplained financial problems, family history of 


substance abuse, frequent problems with law enforcement agencies, having a partner with 
substance abuse, and medical sequelae of drug abuse. 

e Condom use reduces transmission of HIV, Chlamydia, gonorrhea, Trichomonas, 
herpesvirus, and human papillomavirus. 

e Itis important to ask about domestic violence when patients present with symptoms or 
behaviors that may be associated with abuse. 

e When an abusive situation is identified, address immediate safety needs. 
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Screening 


Screening—an evaluation to detect a disease at an asymptomatic stage—is appropriate when the 
population to be screened is accessible and willing to undergo testing, the disease causes 
significant burden of illness to the patient or to society, and the test has adequate sensitivity and 
specificity to detect disease without excessive false-positive results. In addition, treatment during 
the asymptomatic phase should be more effective than treatment after symptoms have appeared. 


The gold standard for efficacy of screening is decreased mortality as demonstrated by 
randomized clinical trials. In evaluating studies of screening tests, clinicians must be aware of 
two common fallacies that occur in studies of effectiveness. Lead-time bias occurs when survival 
appears to be longer because of earlier detection. Length bias occurs when survival appears to be 
longer because persons who are able to participate in clinical trials often have less aggressive 
disease. 


Screening can result in harm to the patient. False-positive tests can lead to anxiety, extra testing, 
and increased costs. Conversely, a false-negative test can give patients and physicians a false 
sense of reassurance. The U.S. Preventive Services Task Force (USPSTF) uses rigorous 
methodology to assess the effectiveness of screening tests (www.ahrq.gov/clinic/uspstfix.htm). 


See Table 1 for a summary of USPSTF age-specific and sex-specific preventive medicine 
(screening and counseling) recommendations. 


Table 1. Recommended Interventions for Preventive Care 


Screening 
Height and weight (periodically) 
Blood pressure 
Alcohol and tobacco use 
Depression (if appropriate follow-up is available) 
Diabetes mellitus (patients with hypertension) 


Dyslipidemia (total and HDL cholesterol): men >35 y; men or women >20 y who have 
cardiovascular risk factors; measure every 5 y if normal 


Colorectal cancer screening (men and women 50-75 y) 


Mammogram every | to 2 y for all women >40 y. Evaluation for BRCA testing in high-risk 
women only. 


Papanicolaou test (at least every 3 y until age 65 y) 

Chlamydial infection (sexually active women <25 y and older at-risk women) 

Routine voluntary HIV screening (ages 13-64 y) 

Bone mineral density test (women >65 y and at-risk women 60-64 y) 

AAA screening (one time in men 65-75 y who have ever smoked) 
Counseling—Substance Abuse 

Tobacco cessation counseling 


Alcohol misuse: brief office behavioral counseling; alcohol abuse: referral for specialty 
treatment 


Counseling—Diet and Exercise 


Behavioral dietary counseling in patients with hyperlipidemia, risks for CHD and other diet- 
related chronic disease 


Regular physical activity (at least 30 minutes per day most days of the week) 
Intensive counseling/behavioral interventions for obese patients 


AAA = abdominal aortic aneurysm; BRCA = breast cancer susceptibility gene; CHD = coronary 
heart disease. 


Based on recommendations from the U.S. Preventive Services Task Force. 
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Screening During the History and Physical Examination 


Screening and brief office-based interventions for several behavioral risk factors, including 
tobacco use and alcohol misuse, have been shown to be effective (see Lifestyle Risk Factors). 
The USPSTF recommends screening for depression in clinical practices with systems in place to 
ensure accurate diagnosis, effective treatment, and follow-up. In screening for depression, no 
single instrument has been shown to be superior; however, the two-question screen for abnormal 
mood and anhedonia (“Over the past 2 weeks have you felt down, depressed or hopeless?” and 
“Over the past 2 weeks, have you felt little interest or pleasure in doing things?”’) seems to be as 
effective as longer instruments. Begin a full diagnostic assessment for mood disorders in patients 
with either depressed mood or anhedonia by assessing symptoms directly using case-finding 
tools such as the Patient Health Questionnaire (see Mental and Behavioral Health). 


Although there is insufficient evidence to recommend screening all adults for dementia, 
physicians should assess cognitive function whenever there are self-reports or family reports of 
change in cognitive function. 


Although the USPSTF did not find sufficient evidence to recommend for or against screening for 
family and intimate partner violence, clinicians should be alert to signs and symptoms suggestive 
of abuse of partners and elders. 


Blood pressure screening is indicated to identify hypertension and is recommended by the 
USPSTF. The USPSTF recommends screening every 2 years if the index systolic and diastolic 
pressures are below 120 mm Hg and 80 mm Hg, respectively, and yearly if the systolic pressure 
is 120 to 139 mm Hg or diastolic pressure is 80 to 89 mm Hg. The major benefits of identifying 
hypertension include reduced morbidity and mortality from stroke and heart failure and reduced 
all-cause mortality. 


Screening for obesity by measuring weight and height to determine body mass index (BMI) is 
recommended by the USPSTF. The Task Force also recommends that obese adults receive 
intensive counseling and behavioral interventions to promote sustained weight loss. Waist 
circumference greater than 102 cm (40 in) for men and 88 cm (35 in) for women is associated 
with increased risk for cardiovascular disease. Waist-hip ratio appears to be a better predictor of 
cardiovascular disease and overall mortality than BMI in research settings; however, 
measurement errors may limit its use in the office setting. 


The value of the periodic health examination has recently been the subject of debate. A recent 
systematic review concluded that the periodic health examination improved the delivery of some 
preventive health services and reduced patient worry. Benefits regarding short- and long-term 
clinical outcomes have not yet been clearly demonstrated. Complete blood counts, chemistry 
profiles, and urinalyses are not recommended as part of the periodic health examination. 
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Specific Screening Tests 


The USPSTF recommends screening for lipid disorders in men aged 35 years and older and in 
men or women aged 20 years and older who are at increased risk for cardiovascular disease. The 
standard screening test is a lipid panel obtained after a 12-hour fast. Screening using nonfasting 
total cholesterol and HDL cholesterol is as predictive of cardiovascular disease risk as obtaining 
a complete fasting lipid panel and can be performed during a regular office visit. If the results 
show a total cholesterol level greater than 200 mg/dL (5.18 mmol/L) or HDL cholesterol level 
below 40 mg/dL (1.04 mmol/L), then a fasting lipid panel is indicated. The Adult Treatment 
Panel of the National Cholesterol Education Program (ATP III) guidelines recommend that 
patients with 0 to 1 risk factor and a normal fasting lipid profile or normal nonfasting total 
cholesterol and HDL cholesterol levels do not have to be screened again for 5 years; the USPSTF 
acknowledges that the optimal screening interval is uncertain but that every 5 years is reasonable 
for low-risk persons. There is no clear age cutoff at which to stop screening, but for older 


patients, clinicians should take into account the presence of comorbid conditions and life 
expectancy. 


The USPSTF recommends screening for type 2 diabetes mellitus in adults with sustained blood 
pressure (either treated or untreated) greater than 135/80 mm Hg. The rationale for this 
recommendation is that in adults with diabetes and hypertension, lowering blood pressure below 
standard target values reduces cardiovascular risk. Similarly, screening for type 2 diabetes in 
adults with dyslipidemia should be considered because diabetes is one of the conditions that 
lowers LDL cholesterol target levels. 


Screening for osteoporosis is recommended for women 65 years and older and for women aged 
60 to 64 years who are at increased risk. The USPSTF notes that weight below 70 kg (154 Ib) is 
the single best predictor of low bone mineral density, although older age and no current use of 
estrogen therapy are also important predictors used in determining who should be screened. The 
American College of Physicians recommends that physicians perform individualized 
assessments of risk factors for osteoporosis in older men. The preferred screening test is dual- 
energy x-ray absorptiometry at the femoral neck. A screening interval of 2 years is appropriate 
for women 65 years or older, but can reasonably be extended to 5 years for women younger than 
65 years. 


One-time screening for abdominal aortic aneurysm using ultrasonography is recommended by 
the USPSTF in men aged 65 to 75 years who have ever smoked. A recent study including 
nonsmokers showed that the mortality benefit of screening persisted for 7 years. 


The USPSTF concludes that there is insufficient evidence to recommend for or against routine 
screening for thyroid disease. The USPSTF recommends against routine screening for 
hemochromatosis. Pregnant women should be screened for iron-deficiency anemia. 


The USPSTF recommends against screening for carotid artery stenosis with duplex 
ultrasonography or by listening for carotid bruits with a stethoscope. Screening for coronary 
artery disease in asymptomatic patients using electrocardiography, exercise treadmill testing, or 
electron-beam CT is not recommended for patients at low risk for cardiovascular disease and has 
unknown utility for patients at increased risk. 


There is insufficient evidence to recommend for or against screening adults for glaucoma, 


according to the USPSTF. Intraocular pressure is only part of the definition of the disease, and 
many patients with primary open-angle glaucoma do not have increased intraocular pressure. 


PreviousNext 


Screening for Infectious Diseases 


All pregnant women should be screened for asymptomatic bacteriuria using urine culture at 12 to 
16 weeks’ gestation to reduce symptomatic urinary tract infection, low birth weight, and preterm 
delivery. Screening in nonpregnant women and men is not recommended. 


The American College of Physicians recommends routine voluntary HIV screening for 
adolescents and adults. The U.S. Centers for Disease Control and Prevention (CDC) recommend 
routine voluntary HIV screening for all persons aged 13 to 64 years as well as routine prenatal 
HIV screening. In addition, pregnant women at increased risk or in areas of high prevalence 
should have an additional HIV test during their third trimester. 


The USPSTF recommends that all pregnant women should be screened for hepatitis B virus at 
their first prenatal visit. The general population should not be screened for hepatitis B or hepatitis 
C virus. All pregnant and nonpregnant women should be screened for gonorrhea if they are at 
increased risk (history of gonorrhea or other sexually transmitted diseases, new or multiple 
sexual partners, inconsistent condom use, sex work, and drug use). Evidence is less clear for men 
at increased risk. The USPSTF recommends screening for chlamydial infection in all sexually 
active women aged 24 years and younger (including pregnant women) and for older pregnant 
and nonpregnant women only if they are at increased risk. Persons at risk and all pregnant 
women should be screened for syphilis. Screening for herpes simplex virus is not recommended 
for any individuals. 
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Cancer Screening Tests 


Colorectal Cancer Screening 


Breast Cancer Screening 
Cervical and Anal Cancer Screening 


Prostate Cancer Screening 
Additional Cancer Screening Tests 
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Colorectal Cancer Screening 


Colorectal cancer screening is recommended for men and women beginning at age 50 years. The 
USPSTF does not recommend routine screening in patients 75 to 85 years of age, although 
considerations in individual patients may support screening. The USPSTF does not recommend 
screening in patients older than age 85 years. Screening of high-risk patients (for example, those 
with multiple relatives with colon cancer) may begin at younger than 50 years. Several screening 
methods are acceptable, and the choice depends on patient preference, an evaluation of risks and 
benefits, and costs. Current USPSTF guidelines recommend either colonoscopy every 10 years, 
fecal occult blood testing annually, or flexible sigmoidoscopy every 5 years combined with fecal 
occult blood testing every 3 years. 


A randomized trial showed mortality benefit for patients assigned to screening with biannual 
home fecal occult blood testing followed by colonoscopy for positive results, but most 


authorities recommend annual screening. Digital rectal examination or performing a single office 
guaiac test does not constitute adequate screening because sensitivity is only 4.9% for advanced 
neoplasia and only 9% for colorectal cancer. The various screening tests are discussed more fully 


in MKSAP 15 Gastroenterology and Hepatology. 
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Breast Cancer Screening 


The USPSTFE and the American Cancer Society (ACS) recommend screening for breast cancer 
using mammography with or without clinical breast examination for women 40 years and older. 
Some experts recommend annual screening, although there is little evidence that annual 
screening is better than biannual screening. The evidence for screening in women from 40 to 49 
years of age is not as strong as for older women, and the optimal screening interval in this age 
group is unclear. The Canadian Task Force on Preventive Health Care concluded that there was 
insufficient evidence to make a recommendation regarding screening mammography in women 
aged 40 to 49 years. 


Mammography is the only imaging technique that is currently approved for screening. 
Ultrasonography may be considered for the evaluation of a pregnant or breastfeeding patient or a 
patient younger than 30 years with breast-related symptoms. The USPSTF notes that there is 
insufficient evidence to determine whether clinical breast examination or breast self-examination 
affects breast cancer mortality. The ACS recommends clinical breast examinations beginning at 
age 20 years and recommends mammography with clinical breast examination beginning at age 
40 years; the ACS does not make a firm recommendation regarding breast self-examination. 
Testing for the breast cancer susceptibility gene (BRCA) is recommended only for women whose 
family history is suggestive of increased risk for mutations in the BRCA/ or BRCA2 gene (see 
Family History and Genetic Testing). 
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Cervical and Anal Cancer Screening 


The USPSTF recommends cervical cancer screening for women who are sexually active and 
have a cervix. Screening should begin within 3 years of onset of sexual activity but no later than 
age 21 years. After age 65 years, the effectiveness of screening is low in women who have had 
recent negative Pap smears; however, the ACS recommends screening until age 70 years. 
Women at normal risk can be screened every 3 years, although the ACS recommends waiting 
until age 30 years before lengthening the screening interval from an annual basis. Liquid-based 
cytology is not superior to standard testing and is more costly. The USPSTF has indicated that 
the evidence is insufficient to recommend either for or against routine screening for human 
papillomavirus (HPV). 


Anal cytologic screening (anal Pap smear) in high-risk groups (HIV- and HPV-infected men and 
women) has been recommended by some groups to detect anal intraepithelial neoplasia, a 
purported precursor of anal cancer. Neither the USPSTF, the ACS, nor the CDC recommends 
screening with anal Pap smear testing at this time. 
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Prostate Cancer Screening 


Screening for prostate cancer is commonly performed but remains controversial because clear 
evidence for effectiveness is lacking. In men younger than 75 years, the USPSTF does not 
recommend for or against screening because of insufficient evidence for morbidity or mortality 
benefit. The USPSTF recommends against screening men 75 years or older. The ACS 
recommends offering digital rectal examination and prostate-specific antigen (PSA) testing to 
men beginning at age 50 years. Men should be counseled as to risks and possible benefits prior to 
receiving PSA testing. False-positive test results may be due to other diseases (benign prostate 
hyperplasia), and inconsequential positive results can be seen with indolent prostate cancer that 
will not become clinically evident. Known harms include unnecessary biopsies, anxiety, and 
complications of treatment. 
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Additional Cancer Screening Tests 


The ACS recommends examination of the thyroid, testicles, ovaries, lymph nodes, oral region, 
and skin during periodic health examinations. However, the USPSTF recommends against 
screening for testicular cancer, ovarian cancer, pancreatic cancer, and bladder cancer because of 
lack of evidence showing benefit. Benefits from routine screening for skin cancer are unproved, 
but clinicians should remain alert for changing moles or suspicious lesions. 


Although low-dose CT is more sensitive than chest radiograph for the detection of lung cancer, 
there is insufficient evidence to recommend for or against these tests or sputum cytology to 
screen for lung cancer. Clinicians should remain alert to the possibility of oral cancer in patients 
who smoke or use alcohol, but there is insufficient evidence to recommend for or against routine 
screening. 
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Family History and Genetic Testing 


The Human Genome Project has increased public awareness of the heritable basis of disease and 
encouraged the development of genetic tests. Recent discoveries of gene alterations associated 


with increased risk for cancer, diabetes, cardiac diseases, and other common conditions have 
fostered the hope that these advances will be translated into medical benefits, including 
prevention strategies and new treatments. An example of the potential for success with regard to 
inherited disease is screening newborns for phenylketonuria so that provision of a phenylalanine- 
poor diet can be instituted to prevent mental retardation and other complications. In contrast, the 
reality of our limits in genetic medicine is illustrated by how our detailed understanding of the 
genetic basis of sickle cell anemia has not led to improvements in treatment. 
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Taking a Family History 


The process of taking a family history typically employed by medical genetics professionals is 
both labor- and time-intensive. It typically involves a three-generation pedigree and may require 
hours to complete. Given the multiple demands on the internist during the clinical encounter, this 
degree of detail is not feasible. A family history by the internist should be approached from two 
directions: first, an inquiry regarding any diseases that “run in the family”; and second, specific 
inquiry into family history of the more common and important inherited diseases, including 
breast, ovarian, prostate, and colon cancer; as well as early cardiovascular disease. A detailed 
family history should follow for those conditions identified through this preliminary questioning. 
Patient-reported family histories for first-degree relatives have been shown to be accurate and 
valuable for breast and colon cancer, but a negative family history for ovarian and endometrial 
cancer is less accurate. Table 2 lists family history patterns suggestive of genetic disorders. 


Table 2. Family History Patterns Suggestive of Inherited 
Disorders 


Autosomal Dominant 
Multiple generations of affected relatives, both males and females 
Autosomal Recessive 
Siblings more likely to be affected than parents 
X-linked Recessive 
Males only affected; all related through their mothers and no male-to-male transmission 
X-linked Dominant 


Half of male and female children of affected mothers will be affected. For affected fathers, no 
male-to-male transmission, but all daughters will be affected; some X-linked dominant 
conditions are fatal to males, so only affected females survive. 


Other Factors 
Multiple affected individuals in multiple generations 
Occurrence of the disease at an earlier age than expected 
Close degree of relatedness of affected relatives 


Presence of associated conditions (e.g., breast and ovarian cancers) 
Unusual presentations (e.g., bilateral breast cancer, breast cancer in males) 
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Caveats to Genetic Testing 


Although it is standard of care to perform genetic testing for certain mutations in unselected 
preconception, prenatal, and newborn populations, at least three important issues make it unwise 
to perform genetic testing in unselected populations seen by internists: the clinical validity of 
such a test may be lacking, there may be a high likelihood of false-positive tests, and the harms 
of performing a genetic test may outweigh any benefits. 


Genetic testing is offered to a member of a family to determine the risk of a particular disorder 
occurring in an asymptomatic person. In many cases, genetic testing of at-risk family members 
provides a highly accurate estimate of disease risk for the individual in question. However, 
having a mutation does not mean that a person will necessarily experience the clinical 
consequences associated with it. Penetrance is the likelihood of developing a disease given the 
inheritance of an autosomal dominant mutation. Usually, a genetic mutation is first discovered in 
families with many affected members. In these families, presence of a gene mutation is very 
likely to have associated expression of the disease (high penetrance). However, when population- 
based studies of the mutation are carried out, it is often discovered that penetrance is 
“incomplete.” That is, compared with individuals in the high-risk families, persons in other 
populations with the mutation have a lower risk of the disease. Thus, the genetic test may have a 
high “analytic validity” (that is, the test accurately detects the mutation) but may have a lower 
“clinical validity” (that is, there is a lower likelihood of the patient developing the disease—a 
function of gene penetrance). For example, as many as 85% of women with the BRCA/ or 
BRCA2 mutation identified by a family history of breast cancer develop breast cancer by age 70 
years. However, women identified with the mutation in population-based studies have a lower 
risk, ranging from 40% to 55%. Some disorders also display variable expression of the genotype, 
meaning that a given mutation may cause different severity/manifestations of disease in different 
patients. This can result in variations in age of disease onset, disease severity, disease 
characteristics, and disease progression. For example, some patients with Marfan syndrome may 
show only mild physical manifestations, whereas others develop life-threatening aortic 
aneurysms. 


In interpreting diagnostic tests, the clinician must estimate the positive and negative predictive 
values. Even if a test has very high sensitivity and specificity, the positive predictive value will 
be quite low in patients with a low pretest probability. To minimize the false positives, patients 
selected for genetic testing should have a higher risk than the general population of having a 
mutation (higher pretest probability). For genetic testing in internal medicine populations, this 
determination is best made with an appropriate family history. 


Genetic testing may carry benefits, especially when a unique intervention is available for persons 
with a particular genotype. For example, testing for the BRCA mutations or for familial 
adenomatous polyposis may lead to aggressive preventive interventions for the few persons at 
high risk for cancer. In contrast, testing for diseases for which there are no measures either for 
prevention or for delaying onset—for example, age-related macular degeneration—may result in 
little benefit except the relief that results from a negative test. Potential harms include emotional 
distress from the knowledge of having a “genetic illness”; genetic labeling with accompanying 
worry regarding employment or insurance discrimination; and survivor guilt in family members 
found not to have the mutation. 
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Referral for Genetic Counseling 


Because of the potential harms from genetic test information and the need for patients and their 
families to receive appropriate information for decision-making, patients with possible inherited 
diseases should be referred for genetic testing only in the context of genetic counseling. Genetic 
counseling should include discussion of possible risks and benefits of early detection and 
prevention modalities. Genetic counseling with the option for testing should be offered when: (1) 
the patient has a personal or family history suggestive of a genetic susceptibility condition; (2) 
the genetic test can be adequately interpreted; and (3) the test results will aid in diagnosis or 
influence the medical or surgical management of the patient or family at hereditary risk. 


There are a number of useful on-line resources to assist practitioners and patients; several include 
links to other sites: 


e GeneTests (www.genetests.org): A publicly funded directory of genetic counseling 
clinics and laboratories, plus information and educational materials 

e Human Genome Epidemiology Network (www.cdc.gov/genomics/hugenet/default.htm): 
The Centers for Disease Control and Prevention’s Web site addressing public health 
aspects of genomics 

e National Cancer Institute (www.cancer.gov/cancertopics/prevention-genetics- 
causes/genetics): Information regarding the genetic aspects of cancer 

e U.S. Surgeon General’s Family History Initiative (www.hhs.gov/familyhistory): Web- 
based or downloadable family history software 
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Immunization 


The CDC Advisory Committee on Immunization Practices (ACIP) publishes yearly updates on 
recommended vaccines and schedules for immunization that can be found on their Web site 
(www.cdc.gov/vaccines/pubs/ACIP-list.htm). The commonly used vaccines, exclusive of travel 


immunization, are discussed here. All of these vaccines are safe to give in combination and are 
appropriate to give to patients with concurrent minor—but not moderate or severe—acute illness. 
Any vaccine can cause anaphylactic shock, but this is rare, occurring in fewer than one case per 
million vaccine doses. 
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Hepatitis A Vaccine 


The major use of hepatitis A vaccine is in patients with medical, occupational, and lifestyle risk 
factors for infection. The major populations of patients requiring hepatitis A vaccine include men 
who have sex with men, illicit drug users, individuals with chronic liver disease, and travelers to 
developing countries with a high prevalence of disease. Food handlers are also candidates for the 
vaccine, if local health authorities or private employers deem vaccination appropriate. The safety 
of the vaccine during pregnancy is uncertain. The vaccine is an inactivated virus. The dose varies 
with age; two doses are needed, with a minimum interval between doses of 6 months. If the 
second dose is delayed, it should be administered without repeating the first. No revaccination is 
needed after the two-dose series. 
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Hepatitis B Vaccine 


In addition to populations for which hepatitis A vaccination is recommended, the hepatitis B 
vaccine is indicated for all children through age 18 years, patients with HIV or other recent 
sexually transmitted diseases, persons who are sexually active but not monogamous, workers 
with occupational exposure to blood, clients and staff of institutions for the developmentally 
disabled, correctional facility inmates, illicit drug users, and patients with advanced chronic 
kidney disease who are approaching hemodialysis. Pregnant women who need protection from 
hepatitis B infection may be vaccinated. The vaccine contains recombinant noninfectious viral 
surface elements. Three doses are needed to confer optimal immunity. The second and third 
doses may be given | and 6 months, | and 4 months, or 2 and 4 months after the initial dose. If 
doses are delayed, the series should be continued from where it was left off. Hepatitis A and 
hepatitis B vaccination may be delivered in a combination vaccine for patients 18 years and 
older. The hepatitis A component is an inactivated virus and the hepatitis B component is a 
recombinant hepatitis B surface antigen protein. An initial vaccine dose is administered, and 
repeat doses are given at 1 and 6 months after the initial dose. 
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Human Papillomavirus Vaccine 


A vaccine against common strains of HPV causing cervical cancer was licensed in 2006. This 
vaccine is composed of noninfectious particles similar to HPV virions of strains 6, 11, 16, and 
18. The vaccine is recommended for females ages 9 through 26 years regardless of sexual 
activity. It is not for use in pregnant women. Two subsequent doses at 2 and 6 months follow an 
initial dose. The minimum interval between the first two doses is 4 weeks and between the 
second two doses is 12 weeks. No revaccination is required after the three-dose regimen. In a 
randomized placebo-controlled, double blind trial, the vaccine was 100% successful in 
preventing vaginal, vulvar, perineal, and perianal intraepithelial lesions and warts, as well as 
cervical intraepithelial neoplasia and adenocarcinoma in situ in association with vaccine-type 
HPV. 
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Influenza Vaccine 


The influenza vaccine is indicated in all adults wishing to reduce their likelihood of influenza 
infection, but is especially recommended in patients ages 50 years and older, in whom the 
disease causes significant morbidity and mortality. The importance of vaccination is also 
emphasized in those with certain medical, occupational, and lifestyle risk factors. These 
populations include persons residing in high—population density areas such as chronic care 
facilities and dormitories as well as persons such as health care workers who work or live with 
those in whom influenza infection poses a major mortality risk. Vaccination is also indicated in 
pregnant women whose last two trimesters coincide with influenza season and persons with 
diabetes, chronic cardiopulmonary or kidney disease, hemoglobinopathies, and suppressed 
immune systems. Finally, it is recommended in patients with conditions increasing the risk of 
aspiration. 


There are two vaccine types, a trivalent inactivated virus appropriate for all age groups given 
intramuscularly and an intranasal live attenuated influenza vaccine appropriate for patients aged 
2 to 49 years. The live attenuated vaccine should be avoided in pregnant women as well as 
patients with chronic metabolic diseases, diabetes, renal dysfunction, hemoglobinopathies, 
immunosuppression, and chronic diseases that can compromise respiratory function or the 
handling of respiratory secretions. The vaccine can be administered to family members of 
immunosuppressed patients not requiring a protected environment (such as a hematopoietic stem 
cell recipient). The influenza vaccine should not be given to persons allergic to eggs or to those 
with a history of Guillain-Barré syndrome. Revaccination in target populations is indicated every 
year in the fall, at the beginning of the influenza season. 
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Measles-Mumps-Rubella Vaccine 


Internists rarely need to deliver the measles-mumps-rubella vaccine, a live attenuated virus 
vaccine given in a two-dose series. Children typically get one dose of the vaccine at 1 year of age 
and a second at 4 to 6 years of age. Revaccination is not required after the two-dose series. 
Persons born after 1956 require the measles, mumps, rubella vaccine unless there is 
documentation of prior administration, physician-confirmed disease, or laboratory evidence of 
immunity to all three diseases. High-risk groups include health care workers, students at post- 
high school institutions, and international travelers. The vaccine should not be administered 
during pregnancy or in women considering pregnancy within the next 28 days and should not be 
administered to patients allergic to vaccine components, such as gelatin or neomycin. 
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Meningococcal Vaccine 


The meningococcal vaccine is important to administer in young adults, especially those living in 
dormitories or barracks. The vaccine is also recommended in persons exposed in meningitis 
outbreaks and in patients with asplenia or terminal complement deficiencies. Indications also 
exist for travelers to endemic regions, and in laboratory workers routinely exposed to isolates of 
Neisseria meningitides. 


There are two types of meningococcal vaccine, both made from noninfectious polysaccharide 
components of the meningococcus. The older type, the MPSV4 polysaccharide vaccine, is now 
used only for children 2 to 10 years old and adults older than 55 years. Revaccination is indicated 
if a patient had one injection of MPSV4 five or more years ago and is still in a high-risk 
category. Studies of vaccination with MPSV4 during pregnancy have not documented adverse 
effects among pregnant women or newborns. However, no specific studies have been performed 
on the vaccine’s safety in pregnancy. A newer conjugate vaccine, the MCV4 vaccine, generates a 
more robust immunologic response, eliminating the need for revaccination, and is preferred for 
patients 11 to 55 years of age. Serious side effects, such as Guillain-Barré syndrome, have been 
reported in proximity to vaccine administration, but so few adverse events have occurred that 
causality remains in question. 
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Pneumococcal Pneumonia Vaccine 


Adults 65 years and older should be immunized against pneumococcal pneumonia. The vaccine 
contains 23 antigen types of Streptococcus pneumoniae and protects against 60% of bacteremic 
disease. The vaccine is also recommended in some populations of younger patients, including 
Alaskan natives and certain American Indian populations; residents of long-term care facilities; 
patients who are undergoing radiation therapy or are on immunosuppressive medication; and 
patients with chronic pulmonary disorders, diabetes, cardiovascular disease, chronic liver or 
kidney disease, cochlear implants, asplenia, immune disorders, or malignancies. There is no 


information on vaccine safety during pregnancy. For patients older than 65 years, one-time 
revaccination is warranted if they were vaccinated more than 5 years ago and were younger than 
65 years at the time of primary vaccination. One-time revaccination is also recommended in 5 
years for patients with chronic kidney disease, asplenia, immune disorders or malignancies, or 
who are on immunosuppressive medication. 
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Polio Vaccine 


The polio vaccine is not routinely recommended for adult patients, even those who have not 
completed a primary series, unless they intend to travel to areas of the developing world where 
exposure to wild-type virus is likely. 
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Tetanus-Diphtheria—Acellular Pertussis Vaccine 


The tetanus-diphtheria (Td) vaccine is recommended for all adults who have not completed a 
primary series. The vaccine is composed of modified bacterial toxins that elicit an immune 
response but are rendered nontoxic. To administer a primary series, the vaccine is given in three 
doses, with the second dose 1 to 2 months and the third dose 6 to 12 months after the initial dose. 
Interruption of the recommended schedule does not require starting the series over. Boosters are 
administered at 10-year intervals. The tetanus-diphtheria—acellular pertussis (Tdap) vaccine, 
discussed below, can substitute for any one of the doses of Td in the three-dose primary series. 


The ACIP recommends routine use of a single dose of Tdap in adults aged 19 to 64 years to 
replace the next Td booster. Tdap can be administered earlier than the usual 10-year Td booster 
cycle to protect against pertussis. Administration as soon as 2 years from the most recent Td 
vaccine has proved safe. The ACIP also recommends that health care providers and adults who 
anticipate having close contact with an infant younger than 12 months receive a Tdap vaccine as 
soon as 2 years have passed since their most recent Td vaccine to obtain maximal protection 
against pertussis. After the one Tdap booster is administered, traditional 10-year interval cycles 
of Td boosters resume. The utility of further Tdap boosters beyond the first is unknown. 


In patients presenting with acute wounds, special considerations are required. In patients with 
wounds of any type, Td revaccination is indicated if the patient has had fewer than three doses of 
vaccine or status is unknown. A patient who presents with a clean, minor wound and has had 
three or more documented Td doses should be revaccinated if the last vaccination was 10 or 
more years ago. In all other wounds, a booster is administered if the last vaccination was 5 or 
more years ago. 
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Varicella Vaccine 


The varicella vaccine is a live attenuated virus vaccine recommended by the ACIP for 
administration to patients 13 years and older who do not have evidence of varicella immunity. 
Evidence of immunity consists of birth prior to 1980, documentation of age-appropriate 
vaccination with a varicella vaccine, laboratory evidence of immunity, evidence of prior varicella 
disease as documented by a health care provider or laboratory testing, or diagnosis of herpes 
zoster by a health care provider. For health care personnel, pregnant women, and 
immunocompromised persons, birth before 1980 should not be considered evidence of 
immunity. Two vaccine doses are needed, with the second dose given 4 to 8 weeks after the 
initial dose. If the second dose is delayed, it is administered without repeating the series. This 
vaccine should not be given to patients with diseases of the immune system or who are on 
immunosuppressive medications. It is also not indicated in pregnancy or in patients allergic to 
vaccine components such as gelatin or neomycin. Women of childbearing age are advised to not 
become pregnant for 3 months after receiving the vaccine. 
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Zoster Vaccine 


The zoster vaccine is a live attenuated virus vaccine recommended for persons ages 60 years and 
older for prevention of shingles. As it is possible for a person to have a second herpes zoster 
infection, the vaccine is indicated regardless of whether there is a history of shingles. It should 
not be used for treatment of herpes zoster or postherpetic neuralgia or for prevention of primary 
varicella infection (chickenpox). It should also not be used in pregnant women, patients with 
active untreated tuberculosis, patients with diseases or malignancies of the immune system, or 
patients on immunosuppressive medications. It is not necessary to test for exposure to varicella 
prior to vaccine administration. Unlike the vaccine against primary varicella, a booster 
vaccination is not required. 


The vaccine is the most effective (64% risk reduction) in patients aged 60 to 69 years. Its 
effectiveness declines with increasing age and only provides an 18% risk reduction for patients 
80 years and older. All Medicare Part D plans cover the zoster vaccine. In those who developed 
herpes zoster, the duration of symptomatic infection was shortened by 3 days in the vaccinated 
group compared with the placebo group. The incidence of postherpetic neuralgia was reduced as 
well. 
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Lifestyle Risk Factors 


Behavioral Counseling 
Physical Inactivity 
Substance Use Disorders 
Sexual Behavior 
Domestic Violence 
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Behavioral Counseling 


There is increasing evidence for the effectiveness of brief primary care—based interventions for 
changing individual health risk behaviors, particularly for smoking cessation and risky alcohol 
use. The USPSTF advocates the “five A’s” model of brief counseling for changing behaviors 


(Table 


Assess 


Advise 


Agree 


Assist 


3). Additional resources useful to support brief office counseling include: 


Involvement of office staff: Office staff may participate in a team-based approach by 
providing teaching and counseling and by providing follow-up assessment. 
Screening/reminder systems: Patient questionnaires and chart reminders can be used to 
screen for health risks and prompt staff for when interventions are due. Patient registries 
and electronic medical records can facilitate these systems. 

Patient education materials: Written patient information materials are useful to reinforce 
brief counseling and support behavioral change. They should be at the proper literacy 
level and in the needed language (for example, the ACP Foundation’s patient information 
“Health Tips” pads: http://foundation.acponline.org/hl/htips.htm). 

Referral network: For patients who require a more intensive intervention, a referral 
network might include nutritionists; weight loss programs; exercise trainers; patient 
educators; and counselors in smoking cessation, obesity, and substance abuse issues. 
Nonprofessional role models: Referral to patients or others willing to serve as informal 
counselors or to self-change support groups such as Alcoholics Anonymous or 
Overeaters Anonymous may be helpful. 

Documentation: Documenting the counseling intervention along with the action plan is 
important to track progress. 


Table 3. “Five A’s” Framework for Brief Counseling 


Ask about behavioral health risks, such as smoking, substance use, diet, and exercise. 
Assess beliefs, behaviors, knowledge, motivation, and past experience. 

Give clear, specific, well-timed, and personalized behavior change advice. Advise in a 
noncoercive, nonjudgmental manner that respects readiness for change and patient 
autonomy. 

Collaboratively select appropriate goals and methods based on the patient’s interest and 
willingness to change. For those with multiple risks, agree on what to tackle first. 

Aid the patient in achieving agreed-upon goals with use of social/environmental 
supports and adjunctive medical treatments when appropriate (including 


pharmacotherapy). 


Arrange Schedule follow-up (in person or by phone) to provide ongoing support and to adjust the 
plan as needed, including referral for more specialized interventions. 
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Physical Inactivity 


The American College of Sports Medicine and the American Heart Association recently updated 
their recommendations for physical activity. Evidence affirms a dose-response relationship 
between physical activity and health benefits, particularly the lowering of risk of cardiovascular 
disease, premature death, hypertension, adult-onset diabetes, obesity, and osteoporosis. Table 4 
highlights key recommendations. 


For all adults ages 65 years and older and those ages 50 to 64 years with clinically significant 
chronic conditions or functional limitations, the emphasis of physical activity recommendations 
is on reducing sedentary behavior and increasing moderate activity rather than attaining high 
levels of activity, and taking a gradual or stepwise approach. 


Table 4. Recommendations for Physical Activity in Healthy 
Adults 


Topic Recommendation 
Aerobic (endurance) | Moderate-intensity physical activity for at least 30 minutes 5 days per 
exercise week, or vigorous-intensity activity for at least 20 minutes 3 days per 
week. 


Muscle-strengthening Perform activities that maintain or increase muscular strength and 

exercise endurance at least 2 days per week. This should be 8 to 10 exercises on 2 
or more nonconsecutive days using the major muscles. A resistance or 
weight should be used that results in substantial fatigue after 8 to 12 
repetitions of each exercise. 


Benefits of greater Because there is a dose-response curve relationship between physical 

amounts of activity activity and health, persons who wish to further improve their personal 
fitness, reduce their risk for chronic diseases, or prevent unhealthy 
weight gain may exceed these minimum recommended amounts of 
physical activity. 

Injury risk Physically active adults do not appear to have a higher injury rate than 
inactive adults. The risk of cardiac arrest or myocardial infarction is very 
low in generally healthy adults during moderate-intensity activities. 

Screening/clearance Asymptomatic adults who plan to be physically active at the 
recommended levels do not need to consult with a physician prior to 
beginning exercise unless they have a specific medical question. 


Routine stress tests prior to exercise are not warranted owing to their 
poor predictive value for acute cardiac events, the uncertainties in 
interpreting abnormal tests in persons with a low pretest risk of coronary 
disease, and high cost. 


Symptomatic persons or those with cardiovascular disease, diabetes, 
other active chronic disease, or any other medical concern should consult 
a physician before any substantive increase in physical activity. 


Recommendations from Haskell WL, Lee IM, Pate RR, et al; American College of Sports 
Medicine; American Heart Association. Physical activity and public health: updated 


recommendations for adults from the American College of Sports Medicine and the American 
Heart Association. Circulation. 2007;116(9):1081-1093. [PMID: 17671237] 
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Substance Use Disorders 


e Tobacco 

e Alcohol 

e Drugs 
PreviousNext 
Tobacco 


It is recommended that smoking status be determined on all patients. The U.S. Public Health 
Service suggests asking all patients two questions: “Do you smoke?” and “Do you want to quit?” 


The U.S. Public Health Service recommends the “five A’s” approach for brief smoking cessation 
intervention (see Table 3) and further counseling for those unwilling to quit using the “five R’s” 
approach (Table 5). The U.S. Public Health Service recommends that health care providers 
encourage tobacco users to use both counseling and medication to help them to quit. In addition, 
providers should promote the use of telephone quit lines, which have been shown to be effective 
(for example, the National Smoking Cessation Hotline: 1-800-QUIT NOW 
begin_of_the_skype_highlighting 1-800-QUIT 

NOW _ end_of_the_skype_highlighting). Quitters should be warned of withdrawal symptoms 
(which will improve in several weeks), plan a coping strategy for cravings (such as chewing 
gum), avoid high-risk smoking situations, and anticipate some weight gain. 


Cochrane systematic reviews have evaluated evidence on several aspects of smoking cessation. 
Individual counseling by a smoking cessation specialist increases the quit rate by about 50%. 
Intensive counseling has not proved more effective than brief counseling. Standard self-help 
materials on smoking cessation may increase quit rates, but the effect is likely to be small. All 
nicotine replacement therapies (gum, patch, nasal spray, inhaler, and lozenges) increase the quit 
rate by 50% to 70%, regardless of setting. Nicotine replacement is likely safer than smoking in 
pregnant women but is generally recommended only after failure of behavioral programs. 
Contraindications to nicotine replacement are myocardial infarction within 2 weeks, severe 
arrhythmias, and worsening or severe angina. 


When used as sole pharmacotherapy, antidepressants (bupropion and nortriptyline) doubled the 
odds of cessation compared with placebo. Bupropion and nortriptyline appeared to be equally 
effective and of similar efficacy to nicotine replacement therapy. Bupropion is a category B drug 
for pregnancy. There was insufficient evidence that adding nicotine replacement therapy 
provided additional benefit. Contraindications to bupropion include history of a seizure disorder, 
situations that lower seizure threshold such as alcohol or benzodiazepine withdrawal, and recent 
monoamine oxidase (MAO) inhibitor use. Contraindications to nortriptyline are recovery from 
an acute myocardial infarction, recent MAO inhibitor use, and risk of urinary retention. Selective 
serotonin reuptake inhibitors showed no evidence of significant benefit. 


The nicotine receptor partial agonist, varenicline, given for 12 weeks increased the odds of long- 
term smoking cessation approximately three-fold compared with placebo. When compared 
directly with bupropion, varenicline was more effective. The main side effect of varenicline was 
nausea, which usually subsided over time. Two trials tested varenicline for an additional 12 
weeks without adverse effects. Varenicline is a pregnancy category C drug and is considered 
only when the potential benefits outweigh the potential risks to the fetus. Possible links between 
varenicline and depression, agitation, and suicidal behavior/ideation are under review by the 
FDA; until this is clarified, caution should be exercised with varenicline use if a patient has a 
history of psychiatric illness. 


Table 5. “Five R’s” of Counseling for Smokers Who Are 
Unwilling to Quit 


Relevance Encourage the smoker to discuss why quitting is personally relevant. Motivation is 
greatest if smoking has relevance to disease risk, family, or social situation. 


Risks Ask the patient to identify negative consequences of smoking. 
Rewards Ask the patient to identify potential benefits of stopping tobacco use. 


Roadblocks Ask the patient to identify barriers or impediments to quitting. Note elements of 
treatment that could address the barriers. 


Repetition Repeat the motivational intervention at subsequent office visits. 
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Alcohol 


Alcohol misuse definitions include “risky/hazardous” and “harmful” drinking. Risky drinkers 
consume alcohol above levels considered moderate. Harmful drinkers experience current harm 
associated with alcohol use but do not meet criteria for dependence (Table 6). The USPSTF 
recommends routine screening to identify persons whose alcohol use puts them at risk. Although 
the optimal interval for screening is not known, persons more likely to be at risk are those with 
prior alcohol problems, young adults, and smokers; more frequent screening may be beneficial in 
these populations. There are several screening instruments. A single question, “How many times 
in the past have you had five or more drinks (for men) or four or more drinks (for women) in a 
day?” can be used to screen for at-risk drinkers. The CAGE questionnaire is a commonly used 
instrument to identify alcohol problems: 


e C Have you ever felt you should cut down on your drinking? 

e A Have people annoyed you by criticizing your drinking? 

e G Have you ever felt bad or guilty about your drinking? 

e E Eye opener: Have you ever had a drink first thing in the morning to steady your nerves 
or to get rid of a hangover? 


With a cutoff of two positive answers, the CAGE questionnaire is 77% to 94% sensitive and 
79% to 97% specific for detecting alcohol abuse or dependence in primary care settings and 
indicates that further assessment is warranted; the test may be less accurate in women and blacks. 
Other screening instruments are available at www.niaaa.nih.gov/Publications/AlcoholResearch/. 


Laboratory findings such as an elevated mean corpuscular volume (sensitivity 63%; specificity 
48%) and an elevated aspartate aminotransferase/alanine aminotransferase ratio (sensitivity 12%; 
specificity 91%) can be suggestive but are not diagnostic of alcohol abuse and dependence. 


For management of alcohol abuse and dependence, the USPSTF recommends referral for 
specialty treatment. For alcohol misuse, brief behavioral counseling (such as the five A’s and the 
five R’s) may be useful. 


Adjunctive drug therapy may be considered for patients who previously failed to benefit from 
psychosocial approaches alone and those who have recently stopped drinking but are 
experiencing cravings or relapses. Three oral medications are currently approved for treating 
alcohol dependence, but they are most effective when combined with some behavioral support. 
Disulfiram causes a reaction of flushing, sweating, nausea, and tachycardia when the patient 
ingests alcohol. It is most effective when medication compliance can be monitored. 
Contraindications are use of alcohol-containing preparations, metronidazole, severe cardiac 
disease, and unwillingness to completely abstain from alcohol. Naltrexone reduces alcohol 
cravings and causes a lesser reward in response to drinking. It is contraindicated if a patient is 
dependent on or taking opioids or has liver disease. Acamprosate’s alcohol-related action is 
unclear, but it may reduce abstinence-related symptoms, such as anxiety, restlessness, and 
dysphoria. It is contraindicated in severe renal disease. There is no proven benefit for combining 
these medications. A reasonable minimum duration of adjunctive drug therapy is 3 months, with 


treatment continuing a year or longer if the patient responds. A clinician’s guide for using these 
medications is available at www.niaaa.nih.gov/guide. 


Table 6. Categories and Definitions for Patterns of Alcohol 


Use 


Category Organization 


Moderate drinking NIAAA 


At-risk drinking NIAAA 


Hazardous drinking WHO 
Harmful drinking WHO 


Alcohol abuse APA 
(DSM-IV) 


Alcohol dependence APA 
(DSM-IV) 


Definition 
Men, <2 drinks per day 


Women, <1 drink per day 


Over 65 years, <1 drink per day 
Men, >14 drinks per week or >4 drinks per occasion 


Women, >7 drinks per week or >3 drinks per occasion 
At risk for adverse consequences from alcohol 
Alcohol is causing physical or psychological harm 


One or more of the following events in a 12-month period: 
e Recurrent use resulting in failure to fulfill major role 
obligations 

e Recurrent use in hazardous situations 

e Recurrent alcohol-related legal problems 

e Continued use despite social or interpersonal problems 
caused or exacerbated by alcohol use 


Three or more of the following events in a 12-month 
period: 

e Tolerance (increased amounts to achieve effect or 
diminished effect from same amount) 

e Withdrawal 

e Great deal of time spent obtaining alcohol, using it, or 
recovering from its effects 

e Important activities given up or reduced because of 
alcohol 

e Drinking more or longer than intended 

e Persistent desire or unsuccessful efforts to cut down or 
control alcohol use 

e Use continued despite knowledge of having a 
psychological problem caused or exacerbated by alcohol 


APA = American Psychiatric Association; DSM-IV = Diagnostic and Statistical Manual of 
Mental Disorders IV; NIAAA = National Institute on Alcohol Abuse and Alcoholism; WHO = 


World Health Organization. 
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Drugs 


The USPSTF does not recommend for or against screening for substance abuse in the general 
population. However, if the internist wishes to inquire about substance abuse, it is often best to 
start with socially accepted substances such as nicotine and caffeine, move on to alcohol, and 
finally ask about illicit drugs. The CAGE-AID questionnaire—the CAGE instrument with the 
phrase “or drug use” added to each item—has been found to be useful in settings of high 
likelihood of alcohol or drug abuse, such as emergency departments or sexually transmitted 
disease clinics. Family members, friends, and other contacts may provide useful information. 


Clues for chemical dependency include unexpected behavioral changes, acute intoxication, 
frequent job changes, unexplained financial problems, family history of substance abuse, 
frequent problems with law enforcement agencies, having a partner with substance abuse, and 
medical sequelae of drug abuse (for example, endocarditis, nasal perforation, hepatitis, needle 
tracks). Patients addicted to prescription drugs may request increased doses and refills more 
often than anticipated, repeatedly “lose” prescriptions, and get prescriptions from multiple 
physicians (often revealed by calls to or from pharmacies). Urine testing is widely used to 
confirm recent drug use. 


Drug abusers often deny their addiction and express ambivalence about discontinuing their drug 
use. In the office, the internist may use brief counseling techniques similar to those used for 
smoking and alcohol abuse to motivate patients to take action to change their behavior. Often 
this means the patient following through with a referral to a substance abuse treatment program. 
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Sexual Behavior 


A sexual history should be obtained with respect and a nonjudgmental attitude. Because rates of 
many sexually transmitted diseases (STDs) are highest among adolescents and men who have 
sex with men, a sexual history is particularly important for those groups. Table 7 provides one 
recommended approach to obtaining a sexual history. Risk factors for acquiring an STD include 
history of an STD, multiple sex partners, contact with sex workers, new sex partner, meeting 
partners on the Internet, illegal drug use, imprisonment or admission to a juvenile detention 
center, younger age, unmarried status, and living in an urban area. Table 8 outlines CDC 
recommendations for STD screening and prevention. 


Table 7. “Five P’s” of a Sexual History 


1. Partners 


“Do you have sex with men, women, or both?” 
“In the past 2 months, how many partners have you had sex with?” 
“In the past 12 months, how many partners have you had sex with?” 
2. Prevention of Pregnancy 
“Are you or your partner trying to get pregnant?” If no, “What are you doing to prevent 
pregnancy?” 
3. Protection from STDs 
“What do you do to protect yourself from STDs and HIV?” 
4. Practices 
“To understand your risks for STDs, I need to understand the kind of sex you have had recently.” 
“Have you had vaginal sex, meaning ‘penis in vagina sex’”’? 
If yes, “Do you use condoms: never, sometimes, or always?” 
“Have you had anal sex, meaning ‘penis in rectum/anus sex’’”? 
If yes, “Do you use condoms: never, sometimes, or always?” 
“Have you had oral sex, meaning ‘mouth on penis/vagina’”’? 
For condom answers: 
If “never”: “Why don’t you use condoms?” 
If “sometimes”: “In what situations, or with whom, do you not use condoms?” 
5. Past History of STDs 

“Have you ever had an STD?” 
“Have any of your partners had an STD?” 

Additional Questions to Identify HIV and Hepatitis Risk: 
“Have you or any of your partners ever injected drugs?” 
“Have any of your partners exchanged money or drugs for sex?” 
“Is there anything else about your sexual practices that I need to know about?” 


STD = sexually transmitted disease. 


Information from Centers for Disease Control and Prevention, Workowski KA, Berman SM. 
Sexually transmitted diseases treatment guidelines, 2006. MMWR Recomm Rep. 2006;55(RR- 
11):1-94. [PMID: 16888612] 


Table 8. Recommendations for Screening and Prevention of 
Sexually Transmitted Diseases 


Effective prevention strategies include reducing the number of sex partners, being in a mutually 
monogamous relationship with a person free of sexually transmitted diseases (STDs), screening 
for STDs before initiating sexual contact with a new partner, and abstinence. 


Condom use by men reduces transmission of HIV, Chlamydia, gonorrhea, Trichomonas, herpes 
virus, and human papillomavirus. The female condom, if used correctly, may provide similar 


benefits. 
HIV testing and prevention counseling should be offered when evaluating for STDs. 


Asymptomatic women with risk factors for STDs should be screened for gonorrhea and 
chlamydial infection during their annual pelvic examinations. Immunization for hepatitis A and 
B viruses and human papillomavirus should be offered as appropriate. 


Herpes simplex virus-2 sexual transmission can be reduced by the use of suppressive antiviral 
agents by the infected person, by using condoms, or by both. Partners of infected persons should 
be advised that sexual transmission can occur during asymptomatic periods. 


Men who have sex with men should have annual testing for HIV infections, gonorrhea, 
chlamydial infection, and syphilis. 


Pregnant women should be screened for syphilis, chlamydial infection, HIV infection, and 
hepatitis B. 
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Domestic Violence 


Domestic violence is defined as intentional controlling or violent behavior by a person who is or 
was in an intimate relationship with the victim. The behavior may take the form of physical 
abuse, sexual assault, emotional abuse, economic control, or social isolation of the victim. 
Domestic violence frequently remains undiagnosed because patients conceal that they are in 
abusive relationships, and the signs and symptoms of abuse may be subtle or absent. As many as 
31% of women report abuse at some time in their lifetime. Elder abuse occurs in 4% to 6% of the 
elderly and can result in loss of independence, home, life savings, health, and dignity. 


There is controversy regarding routine screening for domestic violence. While such screening is 
acceptable to patients and increases the identification of domestic violence, the USPSTF has 
concluded that there is insufficient evidence that the subsequent interventions lead to improved 
outcomes. Other groups, however, advocate routine screening, particularly at initial visits. 


When screening for domestic violence, it is important to provide a safe environment, including 
assurances regarding confidentiality, a private examination room, and availability of posters, 
pamphlets, and referral cards. Screening questions should be integrated into history taking. 
Consider introducing the subject in a general way; for example: “Because violence is so common 
in many people’s lives, I’ve started to ask about it routinely.” Finally, the choice of screening 
question or questions used is important. A screen consisting of the following single question has 
been shown to increase detection: “At any time, has a partner (or family member or caretaker) 
hit, kicked, or otherwise hurt or threatened you?” However, the single question “Do you feel safe 
at home?” has been found to be insensitive for detection of domestic violence and should not be 
used alone. The four-item SAFE screening questionnaire also can be used: 


e S Stress/safety: “Do you feel safe in your relationship?” 

e A Afraid/abused: “Have you ever been in a relationship where you were threatened, 
hurt, or afraid?” 

e F Friends/family: “Are your friends or family aware that you have been hurt? Could you 
tell them and would they be able to give you support?” 

e E Emergency plan: “Do you have a safe place to go and the resources you need in an 
emergency?” 


Clues to an abusive relationship that could trigger an inquiry are shown in Table 9. When an 
abusive situation is identified, a patient may not be ready to leave his or her abuser because of 
fear of retaliation, financial dependence on the abuser, having no place to go, a belief that the 
abuse will stop, or a belief that the abuse is the patient’s fault. Important interventions for 
patients who are in abusive situations include: 


e Validate the patient’s perceptions that he or she is being abused, confirm the patient’ s 
worth, and assure the patient that you will support him or her. 

e Assess for safety: Inquire about escalating verbal or physical abuse and recent weapons 
purchases. Discuss safety planning in detail, including whether the patient wants to leave 
home, return home, or have the abuser removed from the household. 

e Ask if the patient wants to file a police report or obtain a restraining order. 

e Provide information about community resources, including local domestic violence hot 
lines, the National Domestic Violence Hotline (800-799-SAFE 
begin_of_the_skype_highlighting 800-799- 

SAFE — end_of_the_skype_highlighting; www.ndvh.org), shelters, legal advocacy 
groups, and social services. In some instances, calling from the office and going directly 
to a shelter may be appropriate. 

e Refer to mental health services if appropriate. 

e Carefully document the encounter in case the patient decides to seek legal redress. 
Documentation may include photographs or detailed sketches of injuries. 

e For domestic violence involving a child or an incompetent adult, reporting to the local 
department of social services is mandatory. A minority of states require reporting injuries 
from domestic violence against competent adults. 


- Table 9. Potential Clues to an Abusive Relationship 


Inconsistent explanation of injuries or a delay in seeking treatment 

Somatic complaints (abdominal and pelvic pain, headaches, fatigue) 
Depression, anxiety, or sleep disturbances 

Exacerbations or poor control of chronic medical conditions 

Sexually transmitted diseases and unplanned pregnancies 

Frequent, unexplained appointment changes 

Overly solicitous partner or one who refuses to leave the examination room 
Suicide attempts 

Substance abuse 
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Patient Safety 


Data on Adverse Events 


Principles of Patient Safety 
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National Patient Safety Goals 


Key Points 


Diagnostic error is typically multifactorial, with an average of 5.9 system-related or 
cognitive factors contributing to a single diagnostic error. 

Strategies for building redundancy into a health care system’s safety processes include 
checklist systems, time-out policies, and force functions, such as automatic checks and 
reminders. 

The Plan-Do-Study-Act (PDSA) cycle is an effective means for performance 
improvement teams to implement changes to address specific patient safety problems. 
A key strategy for reducing diagnostic error is to compile a complete differential 
diagnosis to avoid “premature closure.” 

The best practice for patient hand-off includes person-to-person communication and 
information that is accurate and concise. 
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Data on Adverse Events 


The Institute of Medicine (IOM) reported in 2000 that nearly 100,000 patients die as a result of 
medical errors each year. A Brigham and Women’s Hospital self-audit from 2005 found 233 
serious errors and 54 preventable adverse events during 1490 patient-days. The most common 
serious errors were medication-related (61%); 53% of performance-level failures were slips and 
lapses (rather than rule-based or knowledge-based errors). Two-thirds of adverse events do not 
cause direct harm to the patient, and many are “near-misses.” The IOM estimates that 
preventable errors cost approximately $20 billion in hospitals alone. 
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Principles of Patient Safety 


A root-cause analysis is a group exercise used to determine the contributors to an adverse event. 
Often, a fishbone pattern is used to illustrate causation, beginning with a problem or error at the 
fish’s head. Working back down the spine, the team is asked repetitively, “And what contributed 
to this?” This continues until an investigatory team has reached as many prime factors as 
possible. Factors that should be addressed in such a root-cause analysis are outlined in Table 10. 


Graber and colleagues studied factors that contributed to diagnostic error in 100 cases and found 
an average of 5.9 system-related or cognitive factors contributing to the diagnostic error in each 
case. This finding confirms the “Swiss cheese” model of error in a medical environment—that 
there must be a breakdown of several layers in a system to actually cause an injury (Figure 1). 
Therefore, a health system must build redundancy into its safety processes with the factors listed 
in Table 10 addressed in order to build in multiple layers of protection between a patient and any 
potential harm. For example, an airline pilots’ checklist model has been used in intensive care 
units to ensure that important initiatives, such as sedation holidays, ventilator weaning, and 
infection prophylaxis, are addressed daily on morning rounds. Likewise, a “time-out” policy to 
ensure proper matching of patient with procedure has quickly become a national norm. As an 
example, a surgical nurse may be the point person empowered to call “time out” before an 
operation commences. Then, the patient and the team, including the anesthesiologist, the 
surgeons, and any technicians, confirm the correct patient name, the kind of planned surgery, and 
the correct surgical site. 


Technology initiatives, such as electronic medical record (EMR) systems, can be used to design 
“force functions” to decrease human error. For example, an EMR’s physician order entry screen 
can ensure medication safety with automatic checks and offer reminders for important quality 
indicators (“Please consider an ACE inhibitor in this patient with heart failure”). Safe health 
care systems set up a culture of safety, in which the health care team openly discusses errors, 
teams are encouraged to analyze problems, and collaboration occurs across disciplines to find 
solutions in a systems-based approach. 


Figure 1. “Swiss Cheese” model of error. 


Adapted with permission from Reason J. Human error: models and management. BMJ. 
2000;320(7237):768-770. [PMID: 10720363] Copyright 2000, BMJ Publishing Group Ltd. 


Table 10. Questions to Consider in a Root-Cause Analysis of 
an Adverse Event 


Were issues related to patient assessment a factor in this situation? 

Were issues related to staff training or staff competency a factor in this event? 

Was equipment involved in this event in any way? 

Was the work environment a factor in this event? 

Was the lack of information (or misinterpretation of information) a factor in this event? 
Was communication a factor in this event? 

Were appropriate rules/policies/procedures—or the lack thereof—a factor in this event? 


Was the failure of a barrier—designed to protect the patient, staff, equipment, or environment—a 
factor in this event? 


Were personnel or personal issues a factor in this event? 
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Quality Improvement Models 


Most major health care organizations now have quality departments that are being converted 
from reporting groups (for reporting quality data measures) into proactive departments that 
facilitate performance improvement (PI) teams that are chartered to address particular problems. 
Rather than labeling people in the health care team as the source of errors, these teams focus on 
the processes involved in care delivery. A common methodology used by such teams is the 
PDSA, or Plan-Do-Study-Act, cycle (Figure 2). For example, to improve the timing of 
administering antibiotics to patients with pneumonia, a PI team might plan a test of a simplified 
system (consisting of fewer steps) for giving antibiotics after an order is given, do the test by 
trying the new protocol on a limited number of patients, study the results and summarize what 
was learned, and act by refining the protocol based on what was learned and planning the next 
test. 


Another quality management model used in health care is total quality management (TQM), 
typified by the Baldrige National Quality Program, which publishes evidence-based criteria by 
which an organization can judge its management (www.quality.nist.gov). The goal of TQM is to 
build quality processes into every level of the health care organization. 


Figure 2. Plan-Do-Study-Act (PDSA) cycle. 


The Plan-Do-Study-Act cycle is a widely used method for rapidly testing a change. 


PreviousNext 


Diagnostic Errors 


A burgeoning science has evolved to teach physicians how to avoid errors in diagnosis. Analyses 
of clinicians’ heuristics seek to understand common shortcuts in reasoning and how these 
shortcuts can lead to diagnostic errors. Availability heuristic errors arise when a clinician has 
encountered a similar presentation and jumps to the conclusion that the current diagnosis must be 
the same as in the previous case. Anchoring heuristic errors occur when a clinician holds to an 
initial impression, such as might occur when a referring physician has provided a diagnosis that 
is then accepted at face value. Blind obedience to an authority (such as of a resident to an 
attending physician) as well as premature closure of the thought process can prevent the 
important expansion of a differential diagnosis. 


Strategies to reduce diagnostic errors include: (1) orienting physicians to common diagnostic 
pitfalls using simulations; (2) compiling a complete differential diagnosis to avoid premature 
closure (the most common cognitive factor leading to error); and (3) using “prospective 
hindsight” by assuming that a working diagnosis is incorrect and asking, “What alternatives 
should be considered?” 


PreviousNext 


National Patient Safety Goals 


Beyond individual organizations and clinicians, external organizations have required major 
quality initiatives for accreditation, payment, insurance contracts, and national recognition. The 
Joint Commission’s 2009 National Patient Safety Goals (Table 11) encourage wholesale 
organizational commitment to standards to improve health care safety on a national level 
(www.jointcommission.org/PatientSafety/NationalPatientSafetyGoals). Organizations without 
safety initiatives in these areas may be judged to be out of compliance and receive sanctions. A 
survey of the goals reveals a focus on making safe the day-to-day activities of the hospital 
environment, including communication, medication administration, and risk reduction (infection, 
surgery, falls). 


The Joint Commission’s goal to implement a standardized approach to hand-off communications 
is particularly crucial for physicians. With the advent of resident work-hour restrictions and the 
increased use of hospitalist teams, there has been a corresponding increase in the number of 
patient hand-offs between physicians. This increases the potential for error, given the likely 
omission of important information (such as allergies, important past history, pending tests). The 
best practice for hand-off includes person-to-person communication, providing an opportunity to 
ask and respond to questions, and providing information that is accurate and concise (including 
name, location, history, diagnoses, medication and problem lists, status, recent procedures, a “‘to 
do” list that has “‘if/then” statements, severity of illness, and contingency plans). 


Table 11. The Joint Commission’s 2009 National Patient 
Safety Goals for Hospitals 


Improve the accuracy of patient identification 


Improve the effectiveness of communication among caregivers 

Improve the safety of using medications 

Reduce the risk of health care—associated infections 

Accurately and completely reconcile medications across the continuum of care 
Reduce the risk of patient harm resulting from falls 

Encourage patients’ active involvement in their own care as a patient safety strategy 
Identify safety risks inherent in the organization’s patient population 

Improve recognition and response to changes in a patient’s condition 


Universal Protocol: Conducting a pre-procedure verification process, marking the procedure site, 
performing a time-out 


Adapted from The Joint Commission. 2009 National Patient Safety Goals. www.joint- 
commission.org/PatientSafety/NationalPatientSafetyGoals. Accessed July 13, 2009. 
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Professionalism and Ethics 


Professionalism 

Decision-Making and Informed Consent 
Withholding or Withdrawing Treatment 
Physician-Assisted Suicide and Euthanasia 
Confidentiality 

Conflicts of Interest 


Medical Error Reporting 
Sexual Contact between Physician and Patient 


The Impaired Physician and Colleague Responsibility 


Key Points 


e The three fundamental principles of medical professionalism are the primacy of patient 
welfare, patient autonomy, and social justice. 

e Advance directives include instructions about what kind of care should be provided 
(living wills) and who should make the decisions if the patient cannot do so (proxy 
designations). 

e The three elements required for informed consent include disclosure of relevant 
information, comprehension by the patient, and lack of coercion. 

e Decision-making competency assessment can range from less to more stringent, 
depending on the consequences of the decision, and may include the patient’s ability to 
express a choice, general decision-making capacity, comprehension of specific 
information, rational reasons, and reasonable outcomes. 

e Life support measures need not be started or continued if they are thought to be medically 
futile; however, legal opinion may vary and if doubt exists, the wishes of the patient or 
surrogate are usually favored. 

e A request for physician-assisted suicide is often a signal that a patient has unmet needs, 
including fear, hopelessness, difficult social circumstances, and severe pain and suffering. 

e Despite mixed public opinion, physician-assisted suicide is illegal in most of the United 
States, and active euthanasia is illegal in all states. 

e Discussions of patient information should not take place in public places. 

e The physician should not release any private, identifiable patient information without the 
patient’s consent. 

e Conflicts of interest include potential for overuse in a fee-for-service setting, for underuse 
in a managed care setting, acceptance of gifts from pharmaceutical companies or medical 
device manufacturers, and certain business arrangements regarding referrals. 

e Conflicts of interest should be avoided, if possible; if avoidance is not possible, they 
should be disclosed. 

e Sexual relationships between a physician and a patient are considered unethical because 
of the inequality of power, potentially placing the patient in a vulnerable and dependent 
role. 

e Signs of impairment in a physician colleague may include frequent absences from work, 
missed appointments, secretive or inappropriate behavior, mood swings, conflict with 
colleagues, and poor personal hygiene. 

e Every physician is responsible for protecting patients from an impaired physician and 
should report any concerns to the hospital impaired physician program or other 
appropriate authority. 
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Professionalism 


The Charter on Medical Professionalism was a product of several years of collaborative work by 
leading organizations of internal medicine. The charter contains three fundamental principles and 
ten professional commitments (Table 12). The first principle, that of the primacy of patient 


welfare, dates from ancient times. There is concern, however, that in today’s health care 
environment, the physician’s commitment to the patient is being challenged by the conditions of 
medical practice and external forces. The second principle, that of patient autonomy, has a more 
recent history. Only in the latter part of the twentieth century did the public begin to view the 
physician as an advisor, often one of many, to an autonomous patient. Finally, the principle of 
social justice calls upon the profession to promote a fair distribution of health care resources. 


The American College of Physicians (ACP) has highlighted four areas for professional 
commitment on the part of physicians and their professional organizations as part of an initiative 
to revitalize internal medicine: (1) advocacy for patients and for the patient-physician 
relationship; (2) enhanced communications with patients and colleagues in order to foster health 
care partnerships and improve coordination of the health care team; (3) a renewed commitment 
to “mastery,” both in expanding and applying the internal medicine knowledge base and in 
developing and implementing improvements in the processes and coordination of care; and (4) 
development and implementation of performance measures linked to quality improvement and 
accountability in a manner that respects the patient-physician relationship. To achieve these 
goals, it was acknowledged that society—comprising health plans, purchasers, government, 
clinicians, and patients—must promote the appropriate context for health care delivery by 
providing consistent support for sustained patient-physician relationships within which 
physicians can fulfill their ethical obligations to patients. Finally, the ACP affirms that all parties 
to health care delivery should foster an ethical health care environment, including universal 
access and a reimbursement mechanism that encourages physicians to take the time required to 
provide and coordinate appropriate care for adult patients throughout the aging process. 


Table 12. Principles and Commitments of Professionalism 


Principle or Comment 
Commitment 
Fundamental 
Principle 
Primacy of Altruism is a central trust factor in the physician-patient relationship. Market 


patient welfare forces, societal pressures, and administrative exigencies must not compromise 
this principle. 

Patient autonomy Patients’ decisions about their care must be paramount, as long as those 
decisions are in keeping with ethical practice and do not lead to demands for 
inappropriate care. 


Social justice Physicians should work actively to eliminate discrimination in health care, 
whether based on race, gender, socioeconomic status, ethnicity, religion, or 
any other social category. 

Professional 
Commitment 

Competence Physicians must be committed to lifelong learning and to maintaining the 
medical knowledge and clinical and team skills necessary for the provision of 
quality care. 


Honesty with 
patients 


Patient 
confidentiality 
Appropriate 
patient relations 


Improve quality 
of care 


Improve access 
to care 


Just distribution 
of resources 


Scientific 
knowledge 
Manage conflicts 
of interest 


Professional 
responsibilities 


Obtain informed consent for treatment or research. Report and analyze 
medical errors in order to maintain trust, improve care, and provide 
appropriate compensation to injured parties. 


Privacy of information is essential to patient trust and even more pressing with 
electronic medical records. 


Given the inherent vulnerability and dependency of patients, physicians 
should never exploit patients for any sexual advantage, personal financial 
gain, or other private purpose. 


Work collaboratively with other professionals to reduce medical errors, 
increase patient safety, minimize overuse of health care resources, and 
optimize the outcomes of care. 


Work to eliminate barriers to access based on education, laws, finances, 
geography, and social discrimination. Equity requires the promotion of public 
health and preventive medicine, as well as public advocacy, without concern 
for the self-interest of the physician or the profession. 


Work with other physicians, hospitals, and payers to develop guidelines for 
cost-effective care. Providing unnecessary services not only exposes one’s 
patients to avoidable harm and expense but also diminishes the resources 
available for others. 


Uphold scientific standards, promote research, create new knowledge, and 
ensure its appropriate use. 


Medical professionals and their organizations have many opportunities to 
compromise their professional responsibilities by pursuing private gain or 
personal advantage. Such compromises are especially threatening with for- 
profit industries, including medical equipment manufacturers, insurance 
companies, and pharmaceutical firms. Physicians have an obligation to 
recognize, disclose to the general public, and deal with conflicts of interest 
that arise. 


Undergo self-assessment and external scrutiny of all aspects of one’s 
performance. Participate in the processes of self-regulation, including 
remediation and discipline of members who have failed to meet professional 
standards. 


Adapted with permission from ABIM Foundation. American Board of Internal Medicine; ACP- 
ASIM Foundation. American College of Physicians-American Society of Internal Medicine; 
European Federation of Internal Medicine. Medical professionalism in the new millennium: a 
physician charter. Ann Intern Med. 2002;136(3):243-246. [PMID: 11827500] Copyright 2002, 
American College of Physicians. 
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Decision-Making and Informed Consent 


e Assessing Decision-Making Capacity 
e Advance Directives and Surrogate Decision-Making 


e Informed Consent 
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Assessing Decision-Making Capacity 


The legal concept of competency covers a wide range of decision-making abilities, including 
both medical (competency to make treatment decisions, competency to consent to research) as 
well as nonmedical (competency to manage one’s financial affairs, competency to stand trial). 
Whereas competency is a legal concept, its application in a clinical setting requires the 
assessment of a patient’s ability to exercise his or her autonomy. To avoid confusion, many 
clinicians and researchers use competency as the legal ability and capacity as the medical or 
psychological ability to make certain decisions. 


There is no single or absolute standard for determining a patient’s medical decision-making 
capacity. Instead, there are various criteria levels ranging from low to high stringency (Table 
13). More stringent criteria typically come into play as the consequences of what the clinician 
deems an uninformed or incompetent decision become more serious, especially in terms of risk- 
benefit ratio. For example, one might demand more stringent evidence of decision-making 
capacity in a young person who is septic and confused who refuses antibiotic therapy compared 
with an elderly person with advanced dementia and metastatic cancer with a gram-negative 
bacteremia who refuses treatment. 


Table 13. Criteria Clinicians May Consider in Assessing 
Medical Decision-Making Capacity 


Criterion Stringency Test Who Might 
Fail? 
Evidencing a choice Low Answer yes or no Comatose 
Capacity: Ability to understand in general Medium Mental status testing Dementia 
sense (advanced) 


Comprehension: Actual understanding of Medium Can you repeat whatI Anxiety 
specific information provided have just told you? 
Low education 


Language 
barriers 


Cultural 


barriers 
Rational reasons for choice High Why are you choosing Psychosis; 
this? delirium 
Reasonable outcome expected High Does the decision make Depression 


sense in terms of: 
e Disease prognosis 
e Patient's values 
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Advance Directives and Surrogate Decision-Making 


Advance directives include instructions about what kind of care should be provided (living wills) 
and who should make the decisions if the patient cannot do so (proxy designations). Though 
helpful as a means of expressing general views regarding end-of-life care, living wills often use 
vague terms such as “heroic measures,” “terminally ill,” or “facing imminent death.” Some 
living wills provide concrete instructions for care in a variety of clinical situations, such as the 
use of feeding tubes or ventilators in the event of permanent unconsciousness. Even detailed 
directives, however, cannot describe all of the situations and special circumstances in which 
patients may find themselves. Thus, it is also desirable, either instead of or in addition to a living 
will, to specify a surrogate decision-maker rather than focusing solely on all of the possible 
decisions that may be necessary. Naming a family member or friend to serve as a health care 
proxy through a durable power of attorney for health care identifies someone physicians can talk 
to if and when clinical circumstances occur wherein the patient is not able to speak for him- or 
herself. A surrogate decision-maker should be that person most familiar with the patient’s 
previous beliefs and aims, and having no conflicts of interest. Sometimes, but not always, a 
surrogate decision-maker is formally identified by means of a durable power of attorney. If the 
patient’s preference has not been designated in advance, the surrogate is typically a family 
member; for adults, this may be the spouse, an adult child, parents, and siblings, in order of 
priority. However, other factors may determine who is the surrogate in the absence of the 
patient’s expressed preferences, including the presence of a domestic partner, estrangement of a 
spouse or other family members, disagreement among family members, and differences among 
state laws. 
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Informed Consent 


Three elements of informed consent are required when discussing a medical treatment or course 
of action: (1) disclosure of all relevant information, including the benefits, risks, and alternatives 


with respect to the treatment or research study; (2) adequate understanding of the information by 
the patient or subject; and (3) voluntary decision-making by the patient or subject. These can be 
thought of as the “three C’s” of informed consent—communication, comprehension, and no 
coercion. 


What information should be disclosed? At the beginning of the twentieth century, disclosure was 
guided by the professional practice standard (whatever the physician felt should be disclosed). 
Case law and contemporary bioethics have gradually transitioned informed consent to the 
prudent person standard, whereby the physician must disclose what a reasonable person would 
want to know before making a decision, particularly potential risks. A reasonable guideline is to 
describe the complications or side effects that either have a high likelihood of occurring even if 
they are minor (nausea or transient fever) or have a low likelihood of occurring but are so serious 
that a prudent person would want to know when making decisions (for example, 5% chance of 
dying). After disclosing what a reasonable person would want to know, it is important to ask the 
patient or subject whether he or she needs any other information to make a decision. This allows 
the person to ask questions that may be unique to their own values and concerns and thus sets an 
even higher standard, a subjective or individual patient standard. 
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Withholding or Withdrawing Treatment 


Withholding or withdrawing therapy that is deemed futile or according to patient preference is 
justifiable from both an ethical and a legal perspective. The best strategy to avoid subjecting a 
patient to a life support measure that was unwanted is to discuss end-of-life care with the patient 
as early as possible. Patient preferences for do-not-resuscitate orders as well as issues of artificial 
feeding, hydration, and other life prolonging measures, should be clearly documented in the 
medical record. While patients have a right to refuse unwanted life-sustaining treatments, it is 
less clear whether these treatments must be provided (if requested by a patient or family 
member) once it is clear the prognosis is dismal. Qualitative futility means that the treatment will 
not improve the patient’s already poor quality of life. Quantitative futility uses a numeric 
probability to decide when treatment should not be offered, as the patient is unlikely to survive 
even with the intervention. Physiologic futility means that it is impossible for the intervention to 
significantly improve the patient’s condition. In discussing decisions to withhold or withdraw 
treatments, the physician should carefully address any family concerns regarding the decision, 
such as the belief that discontinuing a feeding tube will result in the patient suffering from 
hunger or thirst, despite evidence to the contrary. 


Cardiopulmonary resuscitation is not appropriate for patients with terminal, irreversible disease 
or imminent death. However, do-not-resuscitate orders do not preclude provision of other life- 
prolonging measures or palliative care. Occasionally, treatments are withheld based on the fear 
that once started, they cannot be withdrawn. A limited trial of a therapy can be used to assess a 
patient’s response, after which the treatment plan can be reviewed and revised. The decision to 
institute or withdraw life-prolonging measures needs to be discussed with the patient (if 
competent) and family. If the patient is unable to make these decisions, an advance directive 


allows health care providers to follow the patient’s wishes or have a surrogate make decisions. 
When there is no advance directive, the physicians and surrogate should make decisions based 
on substituted judgment—what do they think the patient would have wanted—or, if this is not 
possible, based on what they believe is in the patient’s best interests. Laws and processes for 
these decisions vary from state to state. 


In making quality-of-life determinations, priority tends to be given to patient or surrogate 
assessment of whether the treatment is worthwhile; however, when there is a significant conflict, 
the physician should not be forced to administer a treatment that violates his or her values or is 
medically futile. In these instances, a discussion with the family and an ethics committee is 
warranted, and if no consensus can be reached, consideration should be given to transferring the 
patient to another physician or health care facility. Rarely, a legal decision may be necessary. 
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Physician-Assisted Suicide and Euthanasia 


Physician-assisted suicide involves knowingly prescribing a potentially lethal amount of 
medication to a patient for self-administration. Whether or not it is ever ethical for a physician to 
do this has been debated for years. The Hippocratic Oath does not support physician-assisted 
suicide, and both the ACP and American Medical Association have issued statements opposing 
the practice. However, some physicians feel that it is not immoral to honor patient autonomy and 
assist in the rational suicide of a terminally ill patient. In the United States, physician-assisted 
suicide is currently illegal in all states except Oregon and Washington, where legal safeguards 
have been established to protect the autonomy of the patient. Active euthanasia, whereby a 
physician, with the patient’s consent, directly and intentionally administers a substance to cause 
death, is illegal in all states. 


A request for physician-assisted suicide should be construed as a signal that the patient has 
unmet needs and should trigger further assessment to determine the fears, social circumstances, 
and level of pain and suffering that may have brought about this decision. The physician’s 
obligations are to provide appropriate palliative care, including relief of pain; control of 
symptoms related to the illness; evaluation and treatment of depression; and counseling and 
support. Inadequate pain management remains a problem, often owing to physician inexperience 
or fear of prescribing high-dose narcotics. 
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Confidentiality 


Confidentiality is fundamental to medical care, and the physician should respect patient privacy 
and encourage candid discussion of any problems the patient may have. The physician should 
not release any private, identifiable patient information (“privileged communication”) without 


the patient’s consent. If a patient is incapacitated, the physician can disclose protected health 
information to a caregiver (for example, a spouse or relative) if, in the physician’s professional 
judgment, the disclosure is in the best interests of the patient. Discussions about patients in a 
public place (office waiting room, hospital elevator, hallway, cafeteria) violate confidentiality 
and must be avoided. The Health Insurance Portability and Accountability Act (HIPAA) 
established federal standards for privacy protection of medical records, and physicians, clinical 
practices, and institutions must have policies and procedures related to disclosure of medical 
information to ensure confidentiality of these records. However, the advent of electronic medical 
records, prescriptions, and computerized databases has raised concerns regarding the security of 
confidential information. This information should still be protected under the physician-patient 
relationship, and legislation provides guidelines and penalties with respect to standards for 
handling and disclosure of patient information contained in these electronic media. Strategies to 
maintain protection of electronic medical records include not sharing passwords or allowing 
unauthorized persons access to the system and logging off before leaving a computer station. 


A delicate situation may arise when a patient requests that certain information not be recorded in 
the medical record (substance abuse, sexual preference, test results). Although the physician has 
an ethical obligation to maintain a complete and accurate record, release of this sensitive 
information may be detrimental to the patient, and the physician cannot guarantee 
confidentiality. Confidentiality, however, is not absolute and may need to be overridden in 
certain cases. Some of these possible exceptions to confidentiality include exceptions to protect 
the patient (for example, disclosure of domestic violence) and exceptions to protect third parties 
(reporting infectious diseases or impaired drivers to public health officials, partner notification 
by public health officials, injuries caused by weapons or crimes, warnings by physicians to 
persons at risk, and violence by psychiatric patients). In such cases, the physician should attempt 
to discuss these issues with the patient whenever possible prior to breaching confidentiality, and 
the disclosure should be done in a manner to minimize harm to the patient and to comply with 
the law. 


A physician may receive information from sources other than the patient and be asked to 
withhold that information or its source from the patient. Although the physician is not legally 
obligated to keep such information from the patient, he or she should first encourage discussion 
between the informant and the patient and then decide, based on the best interests of the patient, 
whether or not to reveal the information. 
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Conflicts of Interest 


A conflict of interest exists when a physician’s professional duty to the patient conflicts (or gives 
the appearance that it conflicts) with another interest, such as personal financial gain, insurance 
or contractual obligation, or other arrangements or commitments. The physician’s main 
responsibility is to the patient—to make recommendations based on medical merit and to 
practice effective and efficient health care using available resources wisely. 


Financial conflicts of interest arise when physician reimbursement potentially drives decision 
making and actions that are not necessarily in the patient’s best interest. Examples include 
financial incentives for overuse in a fee-for-service setting or underuse in a managed care setting. 
Physicians must be cognizant of the system conditions under which they practice and should 
always act to benefit the patient. Participating in certain business arrangements involving 
referrals within a group or to an outside group or facility in which the physician or a family 
member has a financial interest is potentially illegal under the so-called Stark laws, which govern 
physician self-referral. 


Gifts, trips, and subsidies offered by pharmaceutical and medical device industries may create 
conflicts of interest wherein the physician’s interest coincides more with the business than with 
the patient. These influences may subtly change the physician’s attitude and behavior in a 
manner favoring the company involved, resulting in higher medical costs to the patient. Even 
more subtle may be the influence of industry on continuing medical education (CME) and 
clinical practice guidelines. As a result, new policies and standards have been developed that 
demand explicit disclosure of financial conflicts of interest by guideline committee members and 
CME providers. 


The two primary methods for dealing with conflicts of interest are disclosure and avoidance. 
Disclosure alone does little to protect patients, however, and avoidance is preferable. Physicians 
should try to avoid all significant conflicts of interest; if a potential conflict is unavoidable or less 
serious, it should be acknowledged and disclosed to the patient. 
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Medical Error Reporting 


The Institute of Medicine defines a medical error as the failure of a planned action to be 
completed as intended (error of execution) or the use of a wrong plan to achieve an aim (error of 
planning). Knowledge of previous medical errors is important to efforts to reduce the incidence 
of future errors; however, the frequent failure to report medical errors hampers these efforts. 
Although failure to report a medical error is considered unethical, fear of damage to reputation 
and potential legal ramifications often hinder physicians and hospitals from disclosing these 
errors. 


The Patient Safety and Quality Improvement Act established a federal system for voluntary 
reporting of medical errors (www.pso.ahrq.gov/index.html) and provides protection for health 
care providers who submit information intended to improve patient safety. (See Patient Safety 
section for strategies to reduce medical errors.) 
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Sexual Contact between Physician and Patient 


The American Medical Association and the ACP both state that it is unethical for a physician to 
become sexually involved with a current patient even if the patient initiates or consents to the 
relationship. The rationale for these recommendations is that there is inequality between the 
parties (one-way intimacy with the patient in a vulnerable and dependent position), and the 
physician may betray the patient’s trust (using confidential information) or not act in the 
patient’s best interest. There are legal and regulatory sanctions against these relationships, 
ranging from criminal charges to sanctions by state licensing boards. Sexual contact or a 
romantic relationship between a physician and a former patient may also be unethical 
irrespective of the length of time elapsed since ending the professional relationship. It has also 
been suggested that physicians refrain from such relationships with a family member or 
surrogate of a patient if there may be an appearance that the professional relationship has been 
exploited. Increased patient autonomy has attenuated the imbalance of power, however, 
theoretically reducing patient vulnerability. In any case, a physician should consult with a 
colleague or other professional prior to becoming sexually involved with a former patient. 


Despite these prohibitions, it has been reported that 5% to 10% of psychiatrists have had sexual 
contact with a patient; it is unknown what percentage of practitioners in other specialties have 
had similar relationships. Physicians aware of instances of sexual misconduct have an obligation 
to report them. 


A request by a patient or physician for a chaperone to be present during the physical examination 
should be accommodated, but the physician should respect the patient’s right to confidentiality 
and not discuss patient issues while the chaperone is in the room. 
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The Impaired Physician and Colleague Responsibility 


The impaired physician is one who is no longer able to safely carry out his or her professional 
duties because of physical, psychological, or substance abuse problems. Approximately 15% of 
physicians will be impaired at some point in their career. Risks for abuse include male sex and 
underlying mood or personality disorders. The highest rates of substance abuse are among 
emergency department physicians (most commonly using marijuana and cocaine), psychiatrists 
(most commonly using benzodiazepines), and solo practitioners. An increasing number of 
impaired physicians are older physicians, impaired by age-related conditions, who delay 
retirement. 


The first signs of impairment may occur at home and include marital strife. Signs at work may 
include frequent absences, missed appointments, secretive or inappropriate behavior, mood 
swings, conflict with colleagues, and heavy drinking at hospital functions. Impaired physicians 
may exhibit poor personal hygiene, bloodshot eyes, stumbling, or changes in speech patterns. 
Substance abuse should be considered in residents who experience academic or interpersonal 
difficulties. Changes in professional performance indicate advanced impairment. 


Many physicians are reluctant to report suspected physician impairment because of the desire to 
protect colleagues, fear of mislabeling them as impaired, and fear of reprisals. The American 
Medical Association states that physicians have an ethical obligation to report impaired 
colleagues, but only 20% of states in the United States require the reporting of suspected 
substance abuse. Physicians should report concerns about colleagues to the hospital impaired 
physician program or other appropriate authority. 


Treatment for substance abuse is more effective among physicians than in the general 
population. Approximately 75% to 85% of physicians return to work after treatment. Treatment 
should always be confidential and may include referral to an employee assistance program or an 
addiction specialist. All states now have treatment programs sponsored by state medical 
societies, and these programs are independent of state licensing boards. The best success is seen 
in treatment programs that include 2 to 4 weeks of intensive inpatient treatment. 
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Palliative Care 


e Palliative Care Assessment and Communication 
e Symptom Management 


e Caregiver Stressors and Bereavement 


Key Points 


e Mild pain can usually be adequately treated with aspirin, acetaminophen, and NSAIDs. 

e In the treatment of moderate pain, low-dose opioid drugs are added to aspirin, 
acetaminophen, or NSAIDS. 

e A strategy incorporating long-acting narcotics with a plan for breakthrough pain control 
should be started in patients requiring multiple doses of daily narcotics. 

e Patients requiring daily narcotics should receive scheduled doses of a stool softener and 
laxative to prevent narcotic-related constipation. 

e Tricyclic antidepressants, venlafaxine, duloxetine, gabapentin, and pregabalin may be 
useful as adjunct therapy for neuropathic pain. 

e Oxygen is not helpful in treating cancer-related dyspnea in the absence of hypoxemia. 

e Morphine is effective in treating cancer-related dyspnea as well as dyspnea related to 
end-stage cardiopulmonary disorders. 

e Depression is common in terminally ill patients, and physicians should have a low 
threshold for initiating therapy. 

e Delirium is common in terminally ill patients and can be treated with small doses of 
haloperidol while reversible causes are investigated. 
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Palliative Care Assessment and Communication 


Many terminally ill patients are reluctant to initiate end-of-life discussions with their families, 
and the physician can play an important role as facilitator. The dialogue may be emotionally 
charged, and a series of visits may be needed to cover all appropriate areas. It is important to 
stress to patients that a discussion of end-of-life care is not a discussion of withdrawal of 
treatment or patient abandonment. A comprehensive palliative care discussion should include 
information about the diagnosis causing the terminal condition, with expected clinical symptoms 
and strategies to relieve them. Patients should be asked what symptoms they fear most, and they 
should be presented with a plan for symptom assessment and treatment titration. The discussion 
should also include patient preferences for surrogate decision making, an assessment of the 
patient’s emotional and spiritual health, and an understanding of family support systems and 
community resources that are available. The patient should be asked to give his or her opinion on 
advance directives for cardiopulmonary resuscitation, other invasive procedures, and artificial 
nutrition and hydration. 


Patients with medical hardware such as pacemakers and intracardiac defibrillators or who 
undergo chronic life-sustaining treatments such as dialysis require special consideration, as such 
technologies may unduly prolong life unless decisions are made regarding explicitly 
discontinuing them. Patients may also wish to discontinue other treatment not directly related to 
their comfort, especially medications when swallowing becomes difficult. Physicians must be 
clear about the possible consequences of treatment withdrawal with patients and their surrogate 
decision makers and not infer consent to discontinue these treatments under the broader context 
of an advance directive. Discussions on withdrawal of active treatments should take place when 
patients’ functional status and quality of life start to decline but before they lose their ability to 
vocalize their preferences. Some physicians may feel uncomfortable honoring a patient’s request 


to discontinue treatment for a disorder not related to the underlying cause of death. The input of a 
clinical ethics committee may be helpful in such situations. 


Determining prognosis in terminally ill patients, especially those with nonmalignant disorders, 
can be challenging for physicians and frustrating for patients. The Palliative Performance Scale 
is a useful validated tool to provide general estimates of prognosis (Table 14). 


Table 14. Palliative Performance Scale 


Score”” Ambulation Activity Level/Evidence 


100 


90 


80 


70 


60 


50 


40 


30 


Full 


Full 


Full 


Reduced 


Reduced 


Reduced 


Mainly sit or 
lie 


Bed-bound 
Bed-bound 
Bed-bound 


Death 


Self-Care 
of Disease 


Normal activity and work Full 
(no evidence of disease) 
Normal activity and work Full 
(some evidence of 

disease) 

Normal activity and work Full 
with effort (some disease) 
Unable to do normal job Faull 


or work (significant 

disease) 

Unable to do hobbies or Occasional 
housework (significant assistance 
disease) 

Unable to do any work Considerable 
(extensive disease) assistance 
Unable to do most Mainly 
activities (extensive assistance 


disease) 

Unable to do any activity Total care 
(extensive disease) 

Unable to do any activity Total care 
(extensive disease) 

Unable to do any activity Total care 
(extensive disease) 


Intake Level of 
Consciousness 
Normal Full 
Normal Full 


Normal or Full 
reduced 


Normal or Full 
reduced 


Normal or Full or confusion 
reduced 


Normal or Full or confusion 
reduced 


Normal or Full or drowsy +/- 
reduced confusion 


Normal or Full or drowsy +/- 


reduced confusion 
Minimal to Full or drowsy +/- 
sips confusion 

Mouth Drowsy or coma 
care only +/-confusion 


“In a mixed cohort of cancer and noncancer patients, 100% of patients with a score of <60 died 
within 1 year, more than 96% of patients with a score of <30 died within 2 months, and more 
than 95% of those with a score of <20 died within 2 weeks. 


Begin at the left column and read downwards until the appropriate ambulation level is reached, 
then read across to the next column and downwards again until the activity/evidence of disease is 


located. These steps are repeated until all five columns are covered before assigning the actual 
palliative performance scale score for that patient. 


Adapted with permission from Lau F, Downing GM, Lesperance M, Shaw J, Kuziemsky C. Use 
of Palliative Performance Scale in End-of-Life Prognostication. J Palliat Med. 2006;9(5):1066- 
1075. [PMID: 17040144] Copyright 2006, Mary Ann Leibert, Inc. publishers. 
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Symptom Management 


In palliative care, physicians focus on short-term outcomes designed to improve patient comfort 
and quality of life. The most common patient symptoms encountered are pain, dyspnea, anorexia 
and weight loss, depression, and delirium. 
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Pain 


The World Health Organization pain relief ladder represents a useful framework for 
pharmacologic treatment of pain (Figure 3). Non-narcotic treatments, such as aspirin, 
acetaminophen, or NSAIDs, are used for mild pain (a score of 1-3 on the 0-10 pain intensity 
scale). Moderate pain (pain score of 4-6) is treated with a combination of opioids and non- 
narcotic pain relievers. If these agents are combined in a single pill (such as oxycodone and 
acetaminophen) to reduce polypharmacy, care must be taken to avoid inadvertent overdosing of 
the non-narcotic component when need for the opioid ingredient increases. The daily cumulative 
acetaminophen dose (<4 g) limits the dosing of the opioid in combination medications. Severe 
pain (pain score 7-10) is mainly treated by opioids. Adjunct therapies can be used at all levels of 
the ladder. Starting doses of opioid pain medications, given in morphine equivalents, are detailed 
in Table 15. Oral administration is the preferred route for opioid analgesics because of its 
convenience, low cost, and ability to produce stable opioid blood levels. Intramuscular injections 
are not recommended because of the associated pain, unreliable absorption, and relatively long 
interval to peak drug concentrations. If a parenteral route is needed, intravenous or subcutaneous 
administration is preferred. Intravenous administration is associated with the most rapid onset of 
analgesia but also the shortest duration of action. A transdermal opioid patch is available for the 
treatment of chronic pain. Codeine, tramadol, and morphine can accumulate in patients with 
renal failure and should be used with caution in this setting. 


When a patient begins having pain constantly and uses opioid analgesics the entire day, a shift of 
treatment strategy is required. Typically, a longer-acting opioid is started to ensure basal pain 
relief for the entire day. The three most common long-acting narcotic agents are extended-release 


morphine, oxycodone, and transdermal fentanyl. Fentanyl is also available as a solid sweetened 
lozenge and mucosal patch. A shorter-acting opioid with or without a non-opioid analgesic is 
used for breakthrough pain relief. To avoid overmedication, a typical starting dose of long-acting 
basal pain medication is 30% to 50% (based on morphine equivalents) of the patient’s average 
24-hour narcotic dosage. The long-acting narcotic can be titrated upward every 3 to 4 days to 
avoid frequent administration of the breakthrough medication. A typical starting dose for 
breakthrough therapy is 10% of the patient’s total daily narcotic need. 


As these medications may take | to 3 days to take full effect, the patient must be followed 
carefully for over- or undersedation. Ideally, to allow ease in dose titration, the same agents 
should be used for breakthrough and basal pain relief. Bone metastases represent a special 
situation in which other adjunct measures, such as radiation therapy and bisphosphonates, may 
provide additional pain relief. 


Several narcotics should be avoided when treating chronic pain. Meperidine is rarely appropriate 
for oral use owing to variable oral bioavailability and the accumulation of active metabolites 
with prolonged use at high doses or in renal failure. Such accumulation lowers the seizure 
threshold and causes central nervous system symptoms, such as tremors, twitching, and 
nervousness. Partial opioid receptor agonists and agonist/antagonist agents, such as 
buprenorphine, dezocine, nalbuphine, pentazocine, and butorphanol, may also cause delirium 
and provide less incremental analgesia when used alone. Methadone is difficult to titrate as its 
onset of action is far shorter than its half life. For this reason, it should only be administered by 
providers experienced in its use. 


Opioids have a number of side effects, including nausea, constipation, pruritus, and sedation. 
Mild sedation usually dissipates as the patient builds tolerance to the medication, and more 
significant sedation is usually reversible with dose reduction. Constipation is one of the most 
common side effects of opioids. Stool softeners and laxatives should be prescribed for patients 
who use opioids daily. A combination of docusate as a stool softener and senna or bisacody]l as a 
mild laxative is a popular initial prophylactic therapy. Osmotic laxatives, such as magnesium 
citrate, lactulose, and polyethylene glycol, are used if the prophylactic regimen does not produce 
daily bowel movements. Opioid-related itching and urticaria are due to the release of histamine. 
For these patients, an antihistamine is useful. Oxymorphone and fentanyl are two opioids that do 
not release histamine, and switching to these opioids can be considered. Opioid-induced nausea 
can be treated with metoclopramide, meclizine, or another phenothiazine medication. 
Corticosteroids and benzodiazepines may be useful in refractory cases. Some patients will 
experience less nausea if the opioid blood level remains constant throughout the day rather than 
experiencing periodic peaks. Changing the dosing interval of an immediate-release preparation 
from every 4 hours to a smaller dose every 3 hours may even out the blood level and reduce 
nausea and vomiting. Changing to a sustained-release opioid or the transdermal route also 
produces more constant opioid blood levels and may be helpful. 


Pain arising from internal organs (visceral pain) is usually dull, colicky, and poorly localized. 
Visceral pain is typically caused by distention, torsion, or inflammation, and it most frequently 
occurs in the settings of pancreatic, liver, renal, and gastrointestinal malignancies. The 
discomfort may be associated with autonomic symptoms, such as nausea or diaphoresis. At 


times, the pain can be referred. For example, liver, small bowel, and gallbladder pain may 
present as right shoulder discomfort. Visceral pain can also be caused by severe constipation due 
to opioid analgesics used to treat other forms of pain. Palliative surgery can be useful to relieve 
visceral pain caused by bowel obstruction. Blockade of the celiac plexus, sympathetic plexus, or 
splanchnic nerve may also be useful in patients refractory to pain control using opioid analgesics. 


Neuropathic pain is usually caused by direct pathologic changes to the central or peripheral 
nervous system. In terminally ill patients, this is most often related to a malignancy causing 
nerve root compression or encroachment on a plexus of nerve fibers. In patients without cancer, 
structural problems, such as diabetic peripheral neuropathy or nerve root impingement, are 
common sources of patient discomfort. Neuropathic pain may be constant or episodic and is 
usually characterized as burning, tingling, lancinating, or shooting in nature. Symptoms caused 
by central nervous system involvement more frequently cause headache or focal neurologic 
changes than neuropathic pain syndromes. Several therapies are effective for neuropathic pain. 
Tricyclic antidepressants, venlafaxine, and duloxetine may be especially useful in patients with 
both neuropathic pain and depression. Tramadol, gabapentin, and pregabalin are also effective 
for neuropathic pain. However, the efficacy of all these drugs is better established for 
nonmalignant pain disorders (such as diabetic peripheral neuropathy and postherpetic neuralgia) 
and less extensively tested for cancer-related neuropathic pain. Corticosteroids can reduce edema 
and lyse certain tumors, thereby enhancing the analgesic effect of non-opioid and opioid drugs. 
They are effective in the management of malignant infiltration of the brachial and lumbar plexus 
and spinal cord compression, as well as headache pain due to brain tumors. 


Severe Pain (7-10/10) 


Strong Opioids 


* Morphine (immediate 
or sustained release) 


= Oxycodone (immediate 
or sustained release) 


= Hydromorphone 
* Fentanyl transdermal 


Moderate Pain (4-6/10) 


nar poes Weak Opioids 


Nonopioids * Codeine 
+/- * Hydrocodone 
Adjuvants bitartrate 


Mild Pain (1-3/10) 


Nonopioids Nonopioids 
+/- * NSAIDs 


Adjuvants = Salicylates 
= Acetaminophen 


Adjuvant Therapy 
= Anticonvulsants s Dermal analgesics 
= Antidepressants a Muscle relaxants 
* Corticosteroids * Stimulants 


Figure 3. World Health Organization three-step analgesic 
ladder. 


Table 15. Common Noninjected Narcotics Used in Palliative 
Care for Chronic Pain 


Agent  Drug:Morphine Form Starting Onset Duration Comments 
Potency Ratio” Dose 


Morphine 


Oxycodone 


Fentanyl 


2:1 


4:1° 


Immediate release 


Controlled/sustained 15-30 


release? 
Immediate release 


Extended release? 


Immediate release 


Extended release 


10mgq 30 4h 
3-4h min 


2-4h 12h 
mg q 12 

h 

2.5-5 mg 10-15 3-6h 
q6h min 
10mgq 1h 12h 
12h 


200-ug 5-15 4-8h 
lozenge: min 

may 

repeat 

once in 

15 min, 

then q 6 

h 


100-ug 
buccal 
tablet: 
may 
repeat 
once in 
30 min, 
then q 4 
h 


25-ug 12-24 72h 
patchq h 
72h 


Tablet, 
solution, and 
rectal 
suppository 


Tablets, ranging 
from 15-200 
mg 

Tablet and 
solution form 


Tablets 60 mg 
or higher for 
use only in 
opioid-tolerant 
patients. 

Not 
recommended 
for opioid-naive 
patients. 


Transmucosal 
lozenge or 
buccal tablet 
should be used 
only in patients 
who are already 
receiving 
narcotics and 
are opioid 
tolerant. 


Limit to 4 or 
fewer daily— 
additional doses 
mark need for 
adjustment of 
basal pain 
medication. 


Not 
recommended 
for opioid-naive 
patients. 


Patients should 
be on at least 60 


Codeine 1:3-8 (variable) Immediate release 30-60 30-60 4-6h 


mg q 4-6 min 

h 
Hydro- 4:1 Immediate release 2-4mgq 15-30 4-5h 
morphone 3-6h min 
Hydrocodone 1:1 Immediate release 5-15 mg 30-60 4-8 h 

q3-8h min 


mg oral 
morphine 
equivalents/d 
before starting. 


Dose should not 
be adjusted 
upward based 
on 
supplemental 
opiate need for 
3 days after 
initial 
placement or 6 
days after 
subsequent 
dose changes. 


17 hours are 
required for 
50% decrease 
in fentanyl 
levels after 
removal. 


Tablet and 
liquid, usually 
taken with 
adjunct 
analgesics due 
to weak 
strength. 


Variable 
efficacy due to 
differences in 
metabolism to 
morphine with 
CYP2D6 
enzyme. 

Oral, liquid, 
rectal 
suppository 
Available as 
combination 
product with 


adjunct 
analgesics 


q = every. 


“A ratio of 2:1 indicates that the medication is twice as powerful as an equivalent mg strength of 
morphine. No fixed conversion ratio is likely to be satisfactory in all patients, especially patients 
receiving large opioid doses. 


"Divide cumulative daily dose of short-acting narcotic into two divided doses of the longer- 
acting narcotic. 


“The fentanyl comparison is a ug-to-mg conversion. 
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Dyspnea 


Dyspnea is one of the most common symptoms encountered in palliative care. It is most often 
the result of direct cardiothoracic pathology, such as pleural effusions, heart failure, chronic 
obstructive pulmonary disease, pulmonary embolism, pneumonia, or lung metastases. Dyspnea 
can also be caused by systemic conditions, such as anemia, muscle weakness, or conditions 
causing abdominal distention. The patient’s self-report of discomfort should be the driving factor 
for treatment. The patient’s self-report often has little correlation with respiratory rate, arterial 
blood gases, oxygen saturation, or use of accessory musculature. 


Patients with underlying lung disease on bronchodilator therapy should have this therapy 
continued to maintain comfort. Opioids are effective in reducing dyspnea in patients with 
underlying cardiopulmonary disease and malignancy. In patients already receiving opioids, using 
the breakthrough pain dose for dyspnea as well and increasing this dose by 25% if not fully 
effective may be helpful. A 5-mg dose of oral morphine given four times daily has been shown 
to help relieve dyspnea in patients with end-stage heart failure. Low-dose (20 mg) extended- 
release morphine given daily has been used to relieve dyspnea in patients with advanced chronic 
obstructive pulmonary disease. 


In contrast to opioids, benzodiazepines have not demonstrated consistent benefit in treating 
dyspnea, but may have a special use in patients with dyspnea caused by anxiety. Oxygen may be 
useful in relieving dyspnea in terminally ill patients with hypoxemia, but a meta-analysis 
suggests that it has limited use in symptom relief in patients without hypoxemia. If severe 
anemia is uncovered as a cause of dyspnea, a blood transfusion may help relieve symptoms. 
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Nutrition 


Reduced appetite and weight loss is a common symptom in patients dying of malignancy or 
chronic disease. As eating and enjoying food is an essential component of social interaction, a 
lack of interest in food and poor nutrition are viewed with distress by many families. Distress 
may be caused by caregiver concern that food preparation is not appropriate for the patient, 
patient guilt about snubbing caregiver efforts to demonstrate help, and family distress over the 
knowledge that anorexia, poor nutrition, and weight loss are ominous indicators of poor 
prognosis. Pressure may be placed on the patient to eat larger portions even if it is 
uncomfortable. Caregivers may accuse patients of “giving up” to their disease by not forcing 
themselves to eat. Patient and caregiver education on how the disease process may cause 
anorexia and cachexia is often helpful in relieving guilt and promoting acceptance of a dying 
patient’s altered eating habits. A realistic discussion regarding nutrition and hydration advance 
directives is also useful. Caregivers should make every effort to allow the patient to participate in 
the social aspects of meals, realizing that the patient may just enjoy a bite or two of a favorite 
food. 


If prognosis is uncertain and death is not imminent, appetite stimulants may be considered. In 
cancer-related anorexia, the most commonly studied medications are progestins, such as 
megestrol (in doses of 400-800 mg/d) or medroxyprogesterone (typically 500 mg twice daily). In 
a systematic review, these medications improved anorexia and promoted weight gain but had an 
uncertain impact on quality of life. Side effects include an increased incidence of 
thromboembolic disease, hyperglycemia, adrenal suppression, and vaginal bleeding. Prokinetic 
agents such as metoclopramide significantly reduce nausea but have no impact on weight gain 
and anorexia. Short-term corticosteroids improved nausea and anorexia in advanced cancer 
patients in several trials, but little data have been published on corticosteroid use in palliative 
care populations. Insufficient data exist to recommend dronabinol, fish oil supplements, ghrelin, 
melatonin, nandrolone, and NSAIDs. The use of enteral and parenteral feeding in terminally ill 
patients is controversial. The benefits of these modalities are most pronounced in patients with 
good functional status and with gastrointestinal disease affecting nutritional intake. There is 
scant evidence for improved quality of life in patients with anorexia and weight loss due to 
terminal disease in a palliative care setting. In addition, there are important risks associated with 
therapy, such as line infection or dislodgement, hyperglycemia, electrolyte imbalances, and fluid 
overload. Discussing patient nutrition preferences before extreme weight loss and anorexia occur 
is important to avoid emotional distress for the patient and family. 
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Depression 


The diagnosis of depression in terminally ill patients can often be problematic. First, it is difficult 
to separate symptoms such as anorexia and weight loss traditionally associated with depression 
from the patient’s underlying disease. Both patients and providers may have the misconception 
that depression is a normal or untreatable symptom of terminal disease. Patients may be 


concerned about the stigma of taking an antidepressant. Finally, physicians may be concerned 
about drug interactions with pain medications. 


Techniques to screen for depression may require modification in the palliative care setting. Many 
models have been proposed with varying rates of sensitivity and specificity for different 
populations of patients requiring end-of-life care. One key feature of many adapted models is the 
elimination of somatic symptoms from the depression screen. A meta-analysis of depression 
screening tools in the palliative care setting also found that two questions (low mood and low 
interest) were effective across five studies incorporating 900 patients. The pooled data from the 
meta-analysis found a sensitivity of 91% and a specificity of 86% for the two-question approach. 
Given the low risk of short-term complications of therapy and potential benefit of improving the 
patient’s remaining quality of life, physicians should have a low threshold for initiating therapy 
in this setting. 


Tricyclic antidepressants, selective serotonin reuptake inhibitors, and psychotherapy are all 
effective in improving symptoms of depression in the terminally ill. There is less literature on the 
use of psychostimulants such as dextroamphetamine. In patients with a prognosis of less than 1 
month, some experts recommend psychostimulants owing to their short onset of action compared 
with antidepressants. 
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Altered Mental Status 


Delirium is common in the palliative care setting, and most patients in the last days of life 
experience some form of altered mental status. It is caused by a variety of conditions, many of 
which are reversible. Titration of opioid pain medication can result in altered mental status. 
Physicians and caregivers should be vigilant for altered mental status each time an opioid pain 
medication dose is increased. This is especially common with titration of longer-acting extended- 
release medications. In some conditions, such as progressive renal failure, the mechanism of 
elimination is altered, and the dose of narcotic requires downward titration. Psychoactive 
medications, such as benzodiazepines used for anxiety or antidepressants, also may be 
responsible. Finally, progression of the underlying disease, which may cause hypoxia, brain 
metastases, or metabolic problems (for example, hypercalcemia, volume depletion) should be 
considered. 


Prior to initiating an extensive evaluation for altered mental status, physicians should carefully 
consider the patient’s prognosis and functional status, prior written advance directives, and the 
opinion of the surrogate decision maker. For delirium associated with agitation, antipsychotic 
medications may be useful for sedation and symptom relief. Haloperidol, in doses starting at 0.5 
mg with escalating repeat doses every hour titrated against symptoms, is usually effective. When 
antipsychotic medications fail, further sedation may be required with benzodiazepines or 
propofol. Sedation may cause respiratory depression and hypotension, and careful discussion 
with the patient’s surrogate decision maker is indicated prior to initiation. In most cases, family 
members are willing to take judicious risks to support patient comfort. 
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Caregiver Stressors and Bereavement 


Prolonged and intense caregiver duties have an adverse impact on their health and mortality. 
Even when adjusted for comorbidities, spousal caregivers reporting strain are 63% more likely to 
die within 4 years than non-caregiving spouses. Physicians must be vigilant to health concerns 
vocalized by caregivers and encourage them to seek respite from their duties and maintain their 
own health needs. Physicians should also provide family members and caregivers with 
information about the normal grieving process. Physicians should schedule a follow-up 
appointment after the funeral and several months later for family members under their care to 
screen for complicated grief and depression. 


After a loved one dies, caregivers and family members may experience symptoms of anger or 
bitterness over the death; a sense of disbelief in accepting the death; recurrent feelings of intense 
longing for the deceased; preoccupation with thoughts of the loved one, including intrusive 
thoughts related to the death; and a feeling that life is empty and the future has no meaning 
without the deceased. When these symptoms persist for 6 or more months after the death, they 
are defined as complicated grief. Complicated grief causes barriers in forming other 
relationships, engaging in other rewarding activities, and moving beyond a state of mourning. 
About 20% to 30% of caregivers experience complicated grief or depression within a year of the 
death. Family members and caregivers at risk for complicated grief include those with 
preexisting mental health disorders, high levels of caregiver burden, and competing 
responsibilities, such as work or caring for others. Depression persisting for 2 or more weeks 
longer than 2 months after the death should be considered for treatment. Treatment improves 
some symptoms of depression but does not reduce the intensity of grief. Complicated grief and 
depression resulting from bereavement are treated with specialized grief programs or 
psychotherapy alone or in combination with medications. 
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Common Symptoms 


Overview 

Chronic Pain 

Acute and Chronic Cough 

Chronic Fatigue and Chronic Fatigue Syndrome 
Dizziness 

Insomnia 


Syncope 
Chest Pain 


Key Points 


One third to one half of physical symptoms are medically unexplained. 

Predictors of comorbid depression and anxiety include the number of physical symptoms, 
presence of three or more unexplained symptoms, and two or more pain symptoms. 
Approximately 75% of symptomatic patients report improvement within 1 month. 

Initial therapies for somatic pain include acetaminophen, NSAIDs, and topical remedies. 
In elderly patients, because of the risk of adverse effects, NSAIDs should be reserved for 
those with contraindications to or lack of efficacy with acetaminophen. 

Central sensitization pain (for example, fibromyalgia) is more likely to respond to 
tricyclic antidepressants, serotonin-norepinephrine reuptake inhibitors, and pregabalin. 
Gabapentin, pregabalin, and duloxetine are effective for neuropathic pain. 

Upper airway cough syndrome, asthma, and gastroesophageal reflux are responsible for 
approximately 99% of cases of chronic cough if the patient is a nonsmoker, has a normal 
chest radiograph, and is not taking an angiotensin-converting enzyme inhibitor. 

Cough caused by an angiotensin-converting enzyme (ACE) inhibitor may develop at any 
time during treatment; stopping the ACE inhibitor may be both diagnostic and 
therapeutic. 

The treatment of choice for cough due to either the common cold or upper airway cough 
syndrome is a first-generation antihistamine combined with a decongestant. 

Cough presumed due to gastroesophageal reflux disease is treated empirically with a 
proton pump inhibitor prior to invasive testing. 


e Hypothyroidism, sleep disorders, depression, anxiety disorders, cancer, and chronic 
infection should be considered in the initial evaluation of chronic fatigue, but if the 
history and physical examination are unremarkable, an extensive workup is not 
necessary. 

e A graded exercise program with clear instructions and close follow up can improve 
chronic fatigue syndrome. 

e Cognitive-behavioral therapy is an effective treatment for chronic fatigue syndrome. 

e Benign paroxysmal positional vertigo is associated with increased dizziness with lying 
down or rolling over while supine. 

e The Dix-Hallpike maneuver may be helpful in differentiating peripheral vestibular from 
central nervous system causes of vertigo. 

e The Epley maneuver is effective at relieving short-term symptoms of benign paroxysmal 
positional vertigo and has minimal adverse effects. 

e Corticosteroids may reduce the length and severity of symptoms in patients with acute 
vestibular neuronitis. 

e Anxiety disorders are common in patients with chronic unexplained dizziness. 

e Insomnia may be a symptom or consequence of mental health problems. 

e Antidepressants should not be used solely to treat insomnia. 

e Instruction on sleep hygiene is a key element in the treatment of insomnia. 

e Over-the-counter sleep medications have potential for adverse effects and limited 
efficacy. 

e In the treatment of insomnia, the use of sedative hypnotics should be limited to 1 month. 

e History, physical examination, and a screening electrocardiogram are usually sufficient to 
diagnose most causes of syncope. 

e Seizure may be suggested by tongue biting, incontinence, loss of memory or confusion 
after the event, head turning during the event, and a prodrome of déjà vu. 

e The increased vagal tone seen in neurocardiogenic syncope typically causes a prodrome 
of nausea, diaphoresis, and pallor. 

e Carotid sinus hypersensitivity causes neurocardiogenic syncope when mechanical 
pressure on the carotid sinus alters sympathetic and parasympathetic tone. 

e Patients with syncope associated with dyspnea, an abnormal electrocardiogram, a systolic 
blood pressure below 90 mm Hg, a hematocrit below 30%, or a history of congestive 
heart failure or structural heart disease have an increased short-term risk of an adverse 
event, and hospitalization should be considered. 

e The most powerful clinical features that increase the probability of myocardial infarction 
include chest pain that simultaneously radiates to both arms, an S3, and hypotension. 

e Aortic dissection should be considered in any patient who presents with sudden severe 
thoracic pain, particularly when the pain is maximal at onset. 

e D-dimer testing is most helpful in ruling out pulmonary embolism when it is normal in a 
low-risk patient. 

e Panic attack may be clinically indistinguishable from angina and is a diagnosis of 
exclusion. 
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Overview 


Symptoms account for more than half of all outpatient encounters or, in the United States alone, 
nearly 400 million office visits annually. Approximately half of these visits are for pain 
(headache, back pain, joint pain, chest pain, abdominal pain); a quarter are for upper respiratory 
tract symptoms (cough, sore throat, ear, nasal); and the remainder are for nonpain, non—upper 
respiratory tract symptoms, such as fatigue, dizziness, or palpitations. Approximately 75% of 
outpatients presenting with physical symptoms experience improvement within 2 weeks, 
whereas 20% to 25% have chronic or recurrent symptoms. Studies in the general population, as 
well as in primary care and specialty clinics, have shown that at least one third to one half of 
symptoms are medically unexplained (that is, no physical cause is found after clinical 
evaluation). 


The most common comorbid psychiatric conditions in patients presenting with physical 
complaints are depressive, anxiety, and somatoform disorders. Predictors of psychiatric 
comorbidity include recent stress, total physical symptom count, three or more unexplained 
symptoms, pain in at least two different regions of the body, high symptom severity, poor self- 
rated health, high health care use, and the clinician’s perception of a difficult encounter. 


Although symptoms are ubiquitous (80% of persons in the general population report at least one 
symptom in the past month), only a minority of symptomatic persons seek health care. Although 
seeking health care can be prompted by symptom severity or persistence, many patients visit 
their physicians because of symptom-related concerns and expectations. One of the most 
common concerns is worry about serious illness, either disease-specific (“Could this headache be 
a brain tumor?”) or generic (“I don’t know what this might be, but is it something to worry 
about?’’) Prognosis is another frequent concern (“How long is this likely to last? Will it interfere 
with my work or recreational activities?”). Common expectations for provider actions include 
medication prescriptions, diagnostic tests, or subspecialty referrals. Patients may be reluctant to 
share their concerns because of embarrassment, fear of wasting the physician’s time, or the 
mistaken assumption that if it is important, the physician will ask. Addressing the patient’s 
concerns and expectations can improve patient and physician satisfaction, adherence with the 
physician’s recommendations, and possibly symptom outcome. Two useful questions to ask at 
the end of the initial visit are: “Is there anything else you were worried about?” and “Is there 
anything else you wanted or thought might be helpful?” 
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Chronic Pain 


e Characterizing and Assessing Pain 
e Managing Pain 
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Characterizing and Assessing Pain 


Pain has received significantly more attention in recent years; the Joint Commission has 
mandated that every patient be queried about the presence and intensity of pain. Pain adversely 
impacts prognosis in conditions such as depression, reinforcing the need to identify and treat 
pain. Because individual tolerance for pain varies widely and there are no physical correlates for 
objectively quantifying pain, it is important to use the patient’s subjective report of pain to guide 
management. Asking patients about their pain helps physicians to better characterize the pain. 


Chronic pain is one of the most common and challenging problems confronting primary care 
physicians. Hippocrates noted that whereas it is the patient’s responsibility to accurately 
characterize the pain, it is the physician’s responsibility to listen carefully. Chronic pain often 
seems to take on a life of its own, becoming all-encompassing and adversely influencing many 
aspects of daily life. There may or may not be a clear precipitating cause associated with the 
onset of pain. 


A working definition for chronic pain is pain, with or without a clear precipitant, which has 
persisted for at least 3 months. Pain may be categorized in various ways, and there is a 
considerable body of literature addressing certain subtypes of pain, such as postoperative pain 
and cancer-related pain. One broad approach comprises three categories: somatic pain 
(attributable to injury to the skin or musculoskeletal system, such as osteoarthritis or spinal 
stenosis), central sensitization pain (such as fibromyalgia), and neuropathic pain (such as diabetic 
peripheral neuropathy). There may be some overlap between these categories; however, they are 
helpful in selecting therapies that are likely to be effective. 


Somatic (also called nociceptive) pain, which frequently has an inflammatory component, often 
responds well to NSAIDs, such as ibuprofen or naproxen. Patients who do not respond to one 
NSAID may benefit by switching to another NSAID. For those in whom trials of two or more 
NSAIDs are not helpful or who either have a contraindication to or do not tolerate NSAIDs (such 
as the elderly or those with renal impairment), an analgesic such as acetaminophen, or topical 
remedies such as an aspirin-based cream or capsaicin cream, may be considered. For patients 
concerned about the adverse gastrointestinal effects of NSAIDs, a nonacetylated salicylate, such 
as choline magnesium trisalicylate, may be a suitable alternative with less platelet inhibition. 


Central sensitization pain tends to be diffuse and difficult to localize, is often based upon 
symptoms with little or no objective findings, and is more likely to be labeled as functional. In 
this type of pain, the central nervous system’s processing of sensation is altered, leading to 
amplification of signals. Manifestations include a sensation of pain with stimuli that are usually 
not painful (allodynia) and more severe pain with stimuli that are typically associated with less 
severe pain (hyperalgesia). In addition, the relationship between the degree of pain and 
functional status is often less clear than for other types of pain; therefore, relief of pain with 
NSAIDs or opioids does not necessarily lead to improvement in functional status. Medications 
that modulate neurotransmitter levels, such as tricyclic antidepressants and serotonin- 
norepinephrine reuptake inhibitors (SNRIs), seem to have greater efficacy for central 
sensitization pain. A meta-analysis documented that patients with fibromyalgia who were treated 
with antidepressants had significant improvements in pain, depression, fatigue, sleep, and health- 


related quality of life; the most robust data are available for the SNRI duloxetine and the tricyclic 
antidepressant amitriptyline, although it appears likely that their efficacy can be generalized to 
their respective medication classes. Cognitive-behavioral therapy may have a particularly 
durable benefit. 


If the specific etiology of pain is unclear, evaluation should begin with a careful medical history 
and physical examination. Because depression and anxiety disorders are common in persons with 
chronic pain, screening questions to identify these conditions should be a part of the history. The 
history and physical examination should guide the ordering of additional laboratory, imaging, 
and other diagnostic studies. An erythrocyte sedimentation rate may be helpful in older patients 
to rule out an active inflammatory process or help in the identification of polymyalgia 
rheumatica. Localized radiography can be useful in confirming osteoarthritis, as well as in ruling 
out less common causes of skeletal pain, although the physical examination is usually sufficient 
for diagnosing osteoarthritis. 


Systemic symptoms such as weight loss and anorexia should lead to additional diagnostic tests, 
such as chest radiography to assess for lung cancer or abdominal ultrasound or CT to screen for 
pancreatic cancer, either of which may have pain as a primary feature. Otherwise, in the absence 
of specific abnormalities, there is little evidence to support going beyond age-appropriate 
screening for breast, prostate, and colon cancer. 
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Managing Pain 


Treatment of patients with chronic pain is difficult and often inadequate. Initially, non-opioid 
pain medications, such as acetaminophen or NSAIDs, should be used either alone or in 
combination with adjuvant measures such as antidepressants, antiepileptics, and dermal 
analgesics as appropriate. Non-opioid pain medications often have significant adverse effects, 
whereas opioids carry concerns about addiction and abuse as well as suppression of breathing or 
consciousness. Such concerns are well-founded, and available evidence more strongly supports 
the benefit of opioids in short-term pain relief than in the chronic use that is common in practice; 
thus, alternatives should be fully explored first, reserving opioids for the treatment of chronic 
pain that is not relieved by a combination of nonpharmacologic and non-opioid pharmacologic 
measures. The World Health Organization analgesic ladder (see Palliative Care) was developed 
to guide the management of cancer pain; however, it also serves as a valid construct for the 
management of non-cancer chronic pain. Epidural and intrathecal injections and regional blocks 
can improve pain relief with less central nervous system depression, particularly for somatic pain 
syndromes such as spinal stenosis and sciatica. 


Because elderly patients are at greater risk for adverse effects with many pain medications (such 
as falls with sedating medications and gastric bleeding with NSAIDs), the American Geriatric 
Society (AGS) recently published a guideline to assist clinicians that features a similar stepped 
approach. The AGS recommends acetaminophen as the initial therapy for most older patients 
with persistent pain, especially if it is musculoskeletal. NSAIDs, owing to the greater risk for 


gastrointestinal and renal complications in the elderly, are only a secondary alternative for those 
with contraindications (such as cirrhosis) or lack of efficacy with acetaminophen. In addition, 
gastrointestinal protection with a medication such as a proton pump inhibitor is strongly advised. 
The AGS also recommends a trial of topical lidocaine, particularly for localized neuropathic 
pain. 


Prior to starting an opioid for chronic pain, patients should undergo an appropriate history and 
physical examination—including an assessment of the potential for abuse, misuse, and 
addiction—as well as an explanation of the relative benefits and risks of opioids. The goals of 
treatment and an appropriate follow-up schedule should be agreed upon. For example, the 
patient’s preferences should be elicited regarding balancing the completeness of pain relief 
against drowsiness or suppression of consciousness. Opioids should then be initiated in a 
graduated, stepwise manner to minimize the side effects and risks of addiction while still 
providing effective pain relief, utilizing effective adjunctive therapy as well (see Palliative Care). 
Opioids with higher abuse or addiction potential tend to have a rapid onset of action, either 
because of their route of administration or because they are more lipophilic, and possess a 
relatively short duration of action. 


Patients on chronic opioid therapy require periodic reassessment of their pain, the efficacy of the 
regimen, side effects, and comorbidities that might impact the efficacy of, or otherwise interact 
with, pain medications. For patients deemed at higher risk for misuse or abuse of pain 
medications, urine drug screens should be incorporated in the monitoring. Those with repeated 
misuse or abuse should have their medications tapered. Common side effects of chronic opiates, 
such as nausea and constipation, should be monitored for and managed with appropriate lifestyle 
modifications or medications. 


Tramadol is a unique drug that may be helpful with all three categories of pain, although U.S. 
Food and Drug Administration (FDA) approval is for moderate to moderately severe pain, and it 
has not received specific approval for treatment of osteoarthritis or neuropathic pain. Tramadol is 
available in both immediate-release and extended-release oral formulations. It can be used in 
conjunction with, or in place of, anti-inflammatory agents for relief of somatic pain or to avoid or 
limit the dose of more sedating and addictive opioids. Tramadol is a synthetic analogue of 
codeine that has a dual mechanism of action, acting as both a u-opioid receptor agonist and a 
weak inhibitor of serotonin and norepinephrine reuptake. Although tramadol’s lesser affinity for 
opioid receptors gives it less potential for respiratory suppression or abuse or addiction, 
physicians should keep in mind that it still can be associated with these complications. 


Gabapentin, pregabalin, and duloxetine are approved by the FDA for treatment of neuropathic 
pain, including diabetic neuropathy and postherpetic neuralgia. Pregabalin, duloxetine, and 
milnacipran are approved for treatment of fibromyalgia. Due to their lower cost, tricyclic 
antidepressants or gabapentin may be tried first for neuropathic or central sensitization pain. If 
these agents are ineffective or not tolerated, the newer agents may be warranted. 


Nonpharmacologic methods of pain control, either alone or in combination, can be important 
adjuncts to pain management. Whereas ice can be helpful in acute pain, topical heat is more 
useful with chronic pain. A graduated exercise regimen can benefit patients with either somatic 


or central sensitization pain. Music, as well as immersion in a virtual environment (for example, 
a virtual representation of the sights, sounds, and smells of the beach or a meadow on a sunny 
day), appears to have some utility in reducing anxiety and providing adjunctive pain relief that 
enables a reduction in pain medication dosage, although studies of larger size and longer 
duration are needed to better delineate their niche in pain treatment. Acupuncture may provide 
adjunctive pain relief for some patients, although in blinded studies, meaningful differences 
between acupuncture and sham acupuncture treatment arms have been small or nonexistent. A 
meta-analysis of studies on electrical nerve stimulation found evidence of efficacy in the 
treatment of chronic pain. Multidisciplinary pain treatment programs that bring together diverse 
specialties, such as anesthesiology and psychiatry, have been highly successful in combining 
pharmacologic and nonpharmacologic measures. 
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Acute Cough 


An acute cough is a cough that has been present for less than 3 weeks. Viral upper respiratory 
tract infection is the most common cause of acute cough. Other causes include pneumonia (viral 
or bacterial); acute tracheobronchitis; rhinitis due to allergens or environmental irritants; 
influenza; exacerbations of chronic pulmonary disease or left ventricular failure; malignancy; 
aspiration or foreign body; medication reactions (angiotensin-converting enzyme [ACE] 
inhibitors); and, less commonly, pulmonary embolism. 


Because pneumonia is the third most common cause of acute cough illness, and the most serious, 
the primary diagnostic objective when evaluating acute cough is to exclude the presence of 
pneumonia. The absence of abnormal vital signs (heart rate >100/min, respiration rate >24/min, 
or oral temperature >38 °C [100.4 °F]) and chest examination findings (crackles, egophony, and 
fremitus) sufficiently reduces the likelihood of pneumonia to the point where further diagnostic 
testing is unnecessary. 


The common cold is characterized by rhinorrhea, sneezing, nasal congestion, and postnasal 
drainage with or without fever, headache, tearing, and throat discomfort. The chest examination 
in these patients is normal. The cough from the common cold should improve within 1 week, 


although 25% of patients may still have a cough at 2 weeks; worsening or persistence of the 
cough suggests another underlying reason. 


Acute bronchitis is also a self-limiting condition that should be considered when coughing, with 
or without sputum production, persists for more than 5 days after the onset of an upper 
respiratory tract infection. It is associated with a normal chest examination. The cause of acute 
bronchitis is usually viral; common pathogens include rhinovirus, adenovirus, and influenza A 
and B viruses. Atypical bacteria that can cause the syndrome include Bordetella pertussis, 
Chlamydia pneumoniae, and Mycoplasma pneumoniae. Because Gram stain and culture of 
sputum do not reliably detect B. pertussis, C. pneumoniae, or M. pneumoniae, these tests and 
other diagnostic tests are not recommended. 


Improvement in cough due to the common cold may occur with a first-generation 
antihistamine/decongestant combination (for example, brompheniramine and pseudoephedrine) 
but is associated with dizziness and dry mouth. Zinc lozenges and over-the-counter cough 
medications have not been shown to be helpful in alleviating cough. Nasal anticholinergic 
medications may help alleviate some symptoms, but their effect on cough is unclear. Peripherally 
and centrally acting cough suppressants have limited efficacy for upper respiratory tract 
infections and are not recommended. For patients with acute bronchitis and wheezing, an inhaled 
B-agonist may be helpful. 


As the likely etiology of the common cold and most cases of acute bronchitis is viral, antibiotics 
are not indicated and should not be given routinely. The one exception to this is acute infection 
with B. pertussis. Pertussis should be suspected in adolescents or young adults without fever in 
the setting of an epidemic, when there has been contact with a person with pertussis or persistent 
cough (more than 2 weeks), or if there is whooping or post-tussive vomiting. The diagnostic gold 
standard is recovery of bacteria in culture or by polymerase chain reaction. Antimicrobial 
therapy (a macrolide or trimethoprim/sulfamethoxazole) for suspected pertussis in adults is 
recommended primarily to decrease shedding of the pathogen and spread of disease because 
antibiotic treatment does not appear to improve resolution of symptoms if it is initiated beyond 7 
to 10 days after the onset of illness. 


Influenza is characterized by the sudden onset of fever and malaise, followed by cough, 
headache, myalgia, and nasal and pulmonary symptoms. Clinical criteria for influenza include 
temperature 37.8 °C or higher (=100.0 °F) and at least one of the following: cough, sore throat, 
or rhinorrhea. A diagnosis of influenza can be established by analysis of viral cultures or 
secretions or results of several rapid diagnostic tests (immunofluorescence, polymerase chain 
reaction, and enzyme immunoassays). The neuroaminidase inhibitors zanamivir and oseltamivir 
are active against both influenza A and B. Anti-influenza drugs decrease illness by about 1 day 
and allow return to normal activities one-half day sooner. For these antiviral agents to be 
effective, influenza must be diagnosed and treatment initiated within 48 hours of symptom onset. 
Because of emergence of resistance, the U.S. Centers for Disease Control and Prevention no 
longer recommend amantadine or rimantadine for prophylaxis or treatment of influenza. 


Asthma is a consideration in patients presenting with an acute cough illness. However, in the 
setting of acute cough, the diagnosis of asthma is difficult to establish unless there is a reliable 


history of asthma and episodes of wheezing and shortness of breath in addition to the cough. 
This is because transient bronchial hyperresponsiveness (and abnormal results on spirometry) is 
common to all causes of uncomplicated acute bronchitis. Postinfectious airflow obstruction on 
pulmonary function tests or methacholine challenge testing may be present up to 8 weeks after 
an acute bronchitis episode, making the distinction from asthma difficult. 


Acute exacerbations of chronic bronchitis and bronchiectasis present with an abrupt increase in 
cough, sputum production, sputum purulence, and shortness of breath over baseline (see below). 
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Chronic Cough 


Subacute cough lasts 3 to 8 weeks, chronic cough last 8 weeks or longer, and the two categories 
of cough are evaluated similarly. Upper airway cough syndrome (UACS), asthma, and 
gastroesophageal reflux are responsible for approximately 90% of cases of chronic cough but are 
responsible for 99% of cases of chronic cough if the patient is a nonsmoker, has a normal chest 
radiograph, and is not taking an ACE inhibitor. Neither the patient’s description of the cough, its 
timing (for example, when supine), nor the presence or absence of sputum production has 
predictive value in the evaluation of chronic cough. Chronic cough is often multifactorial. 


UACS (formerly called postnasal drip) refers to a recurrent cough triggered when mucus 
draining from the sinuses through the oropharynx triggers cough receptors. The diagnosis is 
confirmed when drug therapy eliminates the discharge and cough. Most patients with UACS 
have symptoms or evidence of one or more of the following: postnasal drainage, frequent throat 
clearing, nasal discharge, cobblestone appearance of the oropharyngeal mucosa, or mucus 
dripping down the oropharynx. First-generation antihistamines, in combination with a 
decongestant, are the most consistently effective form of therapy for patients with UACS not due 
to sinusitis. Additionally, the avoidance of allergens and daily use of intranasal corticosteroids or 
cromolyn sodium are recommended for patients with allergic rhinitis. Patients who do not 
respond to empiric therapy should undergo sinus imaging to diagnose “silent” chronic sinusitis. 


Cough-variant asthma (cough is the predominant symptom) occurs in up to 57% of patients with 
asthma. Cough-variant asthma is suggested by the presence of airway hyperresponsiveness and 
confirmed when cough resolves with asthma medications. If the diagnosis is uncertain, 
inhalational challenge testing with methacholine should be considered. A normal test result 
essentially rules out asthma, but a positive test result is less helpful because it is not specific for 
asthma; other conditions, such as chronic obstructive pulmonary disease or postinfectious airway 
hyperresponsiveness, can be associated with a positive test. The treatment of cough-variant 
asthma is the same as asthma in general, but the maximum symptomatic benefit may not occur 
for 6 to 8 weeks in cough-variant asthma. 


Although gastroesophageal reflux disease (GERD) can cause cough by aspiration, the most 
common mechanism is a vagally mediated distal esophageal-tracheobronchial reflex. There is 
nothing about the character or timing of chronic cough due to GERD that distinguishes it from 


other causes of cough. Up to 75% of patients with GERD-induced cough may have no other 
GERD symptoms. The most sensitive (96%) and specific (98%) test for GERD is 24-hour 
esophageal pH monitoring; however, a therapeutic trial with a proton pump inhibitor is 
recommended before invasive testing. The data supporting the effectiveness of proton pump 
inhibitors are not robust, however, and symptom relief may not occur until 3 months after 
treatment is begun. 


In patients with chronic cough who have normal chest radiograph findings, normal spirometry, 
and a negative methacholine challenge test, the diagnosis of nonasthmatic eosinophilic bronchitis 
(NAEB) should be considered. NAEB is confirmed as a cause of chronic cough by the presence 
of airway eosinophilia (obtained by sputum induction or bronchial wash during bronchoscopy) 
and improvement with treatment. Patients with NAEB should be evaluated for possible 
occupational exposure to a sensitizer. First-line treatment for NAEB is inhaled corticosteroids 
and avoidance of responsible allergens. 


Chronic cough with sputum is the hallmark symptom of chronic bronchitis. Treatment is targeted 
at reducing sputum production and airway inflammation by removing environmental irritants, 
particularly cigarettes. Ipratropium bromide can decrease sputum production, and systemic 
corticosteroids and antibiotics may be helpful in decreasing cough during severe exacerbations. 
Bronchiectasis, a type of chronic bronchitis, causes a chronic or recurrent cough characterized by 
voluminous (>30 mL/d) sputum production with purulent exacerbations. Chest radiograph and 
high-resolution CT may be diagnostic, showing thickened bronchial walls in a “tram-line” 
pattern. Bronchiectasis should be treated with antibiotics selected on the basis of sputum cultures 
and with chest physiotherapy. 


Although most smokers have a chronic cough, they are not the group of patients who commonly 
seek medical attention for cough. After smoking cessation, cough has been shown to resolve or 
markedly decrease in 94% to 100% of patients. In 54% of these patients, cough resolution 
occurred within 4 weeks. 


Cough due to ACE inhibitors is a class effect, not dose related, and may occur a few hours to 
weeks or months after a patient takes the first dose of an ACE inhibitor. The diagnosis of ACE 
inhibitor—induced cough can only be established when cough disappears with elimination of the 
drug. The median time to resolution is 26 days. Substituting an angiotensin-receptor blocker for 
the ACE inhibitor can also eliminate an ACE inhibitor—induced cough. Other drugs may induce 
cough as well (Table 16). 


Clinical evaluation of chronic cough includes a careful history and physical examination 
focusing on the common causes of chronic cough (Figure 4). All patients should undergo chest 
radiography. Smoking cessation and discontinuation of ACE inhibitors should be recommended 
for 4 weeks before additional workup. Causes of cough may be determined by observing which 
therapy eliminates the symptoms associated with cough. Because cough may be caused by more 
than one condition, a second or third intervention should be added in the event of partial initial 
response. If chronic cough does not abate with empiric therapeutic trials, objective assessment 
should be undertaken and can include spirometry, methacholine challenge testing (if spirometry 
is normal), 24-hour esophageal pH monitoring, and chest CT. 


Chronic Cough 


History, examination, 
chest radiograph 


A cause of cough 
is suggested 


Inadequate response 
to optimal therapy 


Upper airway cough syndrome (UACS) 
Empiric treatment 
Asthma 
Ideally evaluate (spirometry, bronchodilator 
reversibility, bronchial provocation challenge) 
or empiric treatment 
Non-asthmatic eosinophilic bronchitis (NAEB) 
Ideally evaluate for sputum eosinophilia 
or empiric treatment 

| reflux disease (GERD) 
Empiric treatment 


For initial treatments see box below 


Inadequate response 
to optimal therapy 


Further investigations to consider: 
* 24-h esophageal pH monitoring 


* Endoscopic or videofluoroscopic 
swallow evaluation 


* Barium esophagram 

* Sinus imaging 

* High-resolution CT 

* Bronchoscopy 

* Echocardiogram 

* Environmental assessment 
* Consider other rare causes 


General considerations: Initial treatments: 


* Optimize therapy for each diagnosis UACS: antihistamine/decongestant 
= Check compliance Asthma: inhaled corticosteroid, bronchodilator, LTRA 


* Due to possibility of multiple causes, NAEB: inhaled corticosteroid 
maintain all partially effective treatments GERD: proton-pump inhibitor, diet/lifestyle 


Figure 4. Evaluation of chronic cough. 
ACEI = angiotensin-converting enzyme inhibitor; LTRA = leukotriene receptor antagonist. 


Reproduced with permission from: Irwin RS, Baumann MH, Bolser DC, et al; American College 
of Chest Physicians (ACCP). Diagnosis and management of cough executive summary: ACCP 
evidence-based clinical practice guidelines. Chest. 2006;129(1 Suppl):4S. [PMID: 16428686] 
Copyright 2006 American College of Chest Physicians. 


Table 16. Potential Causes of Drug-Induced Cough 


Angiotensin-converting enzyme inhibitors 

Inhaled medications 

Mycophenolate mofetil 

Nitrofurantoin 

Propofol 

Aspirin 

NSAIDs 

B-Blockers 

Antibiotics (amphotericin B, erythromycin, sulfonamides, aminoglycosides) 
Chemotherapeutic agents 


Information from Prakash UB. Uncommon causes of cough: ACCP evidence-based clinical 
practice guidelines. Chest. 2006;129(1 Suppl):206S-219S. [PMID: 16428713] 
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Cough in the Immunocompromised Patient 


Management of acute, subacute, and chronic cough in immunocompromised patients should be 
similar to management in the general population, but with the patient’s specific immune 
deficiency and geographic location addressed as important factors in the history. 
Immunocompromised patients are more susceptible to a wide variety of pathogens that may be 
specific to where they live or have traveled. HIV-positive patients with cough and a CD4 cell 
count below 200/uL (or above 200/uL and with warning signs such as fever, weight loss, night 
sweats, or thrush) should be evaluated for opportunistic infections, tuberculosis, and 
pneumocystis pneumonia. 
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Hemoptysis 


Hemoptysis is defined as coughing up blood from the lower respiratory tract. It can sometimes 
be difficult to differentiate from hematemesis (vomiting blood) or pseudohemoptysis (spitting of 
blood from sources other than the lungs or bronchial system). The sputum from hemoptysis is 
often frothy, bright red or pink, liquid, or clotted. 


Treatment of hemoptysis is directed at the underlying cause. The most commonly encountered 
causes of hemoptysis in ambulatory patients are infection (bronchitis or pneumonia) and 
malignancy. Elevated pulmonary pressure from left-sided heart failure or pulmonary embolism 
may cause hemoptysis, although hemoptysis alone is not sufficiently sensitive or specific to 
diagnose pulmonary embolism. In up to 30% of patients, the cause is not identified (cryptogenic 
hemoptysis). A diagnosis of cryptogenic hemoptysis should not be made until the patient has 
undergone thorough evaluation. 


All patients with hemoptysis should have a chest radiograph. Risk factors that increase the risk of 
malignancy include male sex, age older than 40 years, a smoking history of more than 40 pack- 
years, and symptoms lasting for more than | week. These patients should be referred for chest 
CT and fiberoptic bronchoscopy even if the chest radiograph is normal. 


Massive hemoptysis (>200 mL/d of blood) represents a medical emergency. Such high rates of 
bleeding may indicate bleeding from the bronchial arterial system rather than the pulmonary 
venous system. These patients should be managed in an intensive care unit with hemodynamic 
and airway stabilization and prompt consultation with a pulmonologist and cardiothoracic 
surgeon for diagnostic and therapeutic intervention. 
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Chronic Fatigue and Chronic Fatigue Syndrome 


Chronic fatigue is fatigue that has been present for at least 6 months and is associated with 
functional impairment. Chronic fatigue is common, identified in nearly 20% of respondents to a 
large community survey. For approximately two thirds of these cases, however, the fatigue was 
attributable to a known medical or psychiatric condition, leaving about 6% to 7% of respondents 
with idiopathic chronic fatigue. The chronic fatigue syndrome was defined for research purposes 
by the U.S. Centers for Disease Control and Prevention, but the definition does have some 
prognostic utility, as those who meet full criteria have worse outcomes than those who do not. 
Chronic fatigue syndrome is defined by 6 months or more of medically unexplained, debilitating 
fatigue, with four or more of the following features: subjective memory impairment, sore throat, 
tender lymph nodes, muscle pain, joint pain, headache, unrefreshing sleep, and postexertional 
malaise that lasts at least 24 hours. Chronic fatigue syndrome has a highly variable prevalence in 
community surveys, from 0.2% to 2.6%. 


PreviousNext 


Evaluation of Chronic Fatigue 


There is no test that is diagnostic for chronic fatigue syndrome. An appropriate medical history 
and physical examination in a patient presenting with chronic fatigue should include an 
assessment for common causes of fatigue. This should include a sleep history, and those with a 
history of loud snoring, apneic spells, or frequent limb movements during sleep should be 
considered for a sleep study to evaluate for sleep apnea or restless legs syndrome. All patients 
with fatigue should be assessed for depression and anxiety disorders. Because patients with 
hypothyroidism may present with fatigue in the absence of other clear findings, it is reasonable 
to order a thyroid-stimulating hormone level. If significant weight loss, lymphadenopathy, or 
fever is detected on physical examination, assessment for malignancy and chronic infections 
such as tuberculosis should ensue. A complete blood count should be obtained to rule out anemia 
as well as to look for evidence of lymphoma or leukemia. A metabolic profile is reasonable to 
rule out diabetes mellitus, kidney disease, and liver disease. An erythrocyte sedimentation rate 
can help assess for polymyalgia rheumatica or an active inflammatory process in older patients. 
No additional studies are routinely indicated, but such studies may be warranted in selected 
patients based on the history and physical examination findings. Although Epstein-Barr virus and 
a host of other infectious agents have been considered in the pathogenesis of chronic fatigue 
syndrome, none have been borne out by careful study, and testing for such agents is not routinely 
indicated. 
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Treatment of Chronic Fatigue 


There is no evidence that management of chronic fatigue syndrome should differ from that for 
chronic fatigue that does not meet full criteria for the syndrome. Treatment of chronic fatigue 
syndrome has proved difficult, but a few interventions have shown some benefit, although study 
results have been mixed. A graded exercise program can help reduce fatigue and improve 
functional status. It is important to start slowly and very gradually increase the duration and 
intensity of the exercise regimen. Physicians or ancillary staff may need to be quite specific in 
their instructions and follow up closely to ensure that patients avoid progressing too quickly, 
resulting in relapse. One sensible approach favors exercise in the form of walking, jogging, 
biking, or swimming at a comfortable intensity level every other day, with an initial duration of 
10 minutes or less for the first 2 weeks. Patients record their rating of perceived exertion with 
each session (for example, using the Borg Rating of Perceived Exertion Scale, which runs from 
“very, very light” at 6-7 points, to “very, very hard” at 19-20 points). This should be followed by 
a medical appointment to review the 2-week experience and to establish a plan for the ensuing 2 
weeks, with an increase in duration of 2 to 5 minutes if the exertion ratings were at an acceptable 
level (for example, “somewhat hard,” or 14 or lower, on the Borg scale), while holding the 
intensity level constant. Ensuing 2-week cycles should be maintained until the duration of 
exercise reaches 30 minutes, with progression in the intensity of the exercise to be initiated only 
at that point (for example, by increasing to a “hard” exertion level for the first 1-2 minutes of the 
exercise session). 


There is also evidence to support the use of cognitive-behavioral therapy for chronic fatigue 
syndrome. Cognitive-behavioral therapy in this setting is targeted in part at breaking the cycle of 
effort avoidance, decline in physical conditioning, and increase in fatigue, and can work well in 
combination with graduated exercise in this regard. Cognitive-behavioral therapy reduces fatigue 
and improves functional status. Interestingly, one study found that cognitive-behavioral therapy 
reduced self-reported cognitive impairment despite failure to improve neuropsychological test 
performance. This suggests that the patient’s perception of impairment may be more significant 
than the actual level of function. 


Finally, for the large percentage of patients with chronic fatigue syndrome with significant 
symptoms of depression, there is some evidence that treatment with an antidepressant such as the 
selective serotonin reuptake inhibitor fluoxetine may improve the depressive symptoms, 
although not necessarily the nondepressive symptoms. Pharmacotherapy should not, therefore, 
be initiated as the sole intervention. A variety of other medications have been tried, including 
corticosteroids, mineralocorticoids, growth hormone, melatonin, and acyclovir, but with no clear 
evidence of benefit. 


PreviousNext 


Dizziness 


The clinical syndrome of dizziness may be divided into vertigo, presyncope, disequilibrium, and 
nonspecific dizziness. Vertigo is the illusion of motion, often spinning, and is commonly 
associated with vestibular and central nervous system causes. Presyncope is the sensation of 
nearly losing consciousness. Disequilibrium is a general feeling of being unsteady when moving. 
Nonspecific dizziness is dizziness that does not fit neatly into the other categories. 
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Evaluation of Dizziness 


Patients with dizziness often have difficulty precisely articulating the quality of their symptoms. 
One study showed that patients had poor internal validity when asked to classify their symptoms 
as light-headedness, vertigo, or unsteadiness and were asked the same questions 6 minutes later. 
In contrast, patients were able to consistently identify the length and periodicity, as well as the 
triggers, for their dizzy spells. These features may be just as useful in the differential diagnosis 
and more reliable than the quality of the dizziness. New medications are a common cause of 
dizziness, and a complete medication history is especially important. 


As the history is often nonspecific, a thorough physical examination and selected testing are 
important to help make a diagnosis (Table 17). Orthostatic vital signs and a complete cardiac 
examination are important in patients with a history of presyncope or an unclear history. An 
electrocardiogram has a low yield in the evaluation of dizziness but may be indicated in the 


elderly, patients with cardiovascular disease, or patients with syncope. A neurologic and otologic 
examination is useful for detecting vestibular and central nervous system causes of dizziness. 
Nystagmus elicited by a Dix-Hallpike maneuver may be helpful in differentiating peripheral 
vestibular from central nervous system causes of vertigo. While seated on the examination table, 
the patient is asked to lie down quickly, first with one ear turned toward the table, and then with 
the other ear turned toward the table. The finding of 10 to 20 seconds of nystagmus (and possibly 
vertigo) is abnormal. With peripheral causes of vertigo, the nystagmus is horizontal or rotatory, 
lasts seconds in duration, may be delayed in onset, and fatigues with repetition. Symptoms of 
vertigo are typically more pronounced with peripheral causes. Central causes of vertigo typically 
elicit nystagmus that is vertical or changes direction with different head positions, is longer in 
duration, has no latent period, and is nonfatiguing. Although head-hanging maneuvers may be 
suggestive of a diagnosis, they can be difficult to perform and have insufficient sensitivity and 
specificity to conclusively pinpoint the source of vertigo. 


Table 17. Differential Diagnosis of Dizziness Syndromes 


Type of Dizziness Suggestive History and Examination Features Diagnostic Testing 
Results 


Benign paroxysmal Recurrent, brief episodes of vertigo precipitated Peripheral nystagmus and 
positional vertigo by head motion with otherwise normal neurologic reproduction of 
examination symptoms on Dix- 
Hallpike maneuver 
Vestibular neuritis Sudden onset of severe and persistent vertigo Peripheral nystagmus on 
with nausea and vomiting but no other neurologic examination 
symptoms. Antecedent infection may be present. 
Lasts days to weeks. 


Migraine headache Headache, duration of vertigo minutes to hours, Central or peripheral 


may have associated triggers nystagmus 
Meniere disease Vertigo, tinnitus, fullness in ear, and hearing loss. Peripheral nystagmus, 
Recurrent episodes lasting hours. unilateral low-frequency 
hearing loss on 
audiometry 
Disequilibrium Nonspecific sense of unsteadiness, typically Risk factors revealed by 


while moving. Typically a geriatric patient with history and physical 
multifactorial causes, such as impaired eyesight, examination 
peripheral neuropathy, deconditioning, and 


polypharmacy. 
Stroke or transient Older patient with cardiovascular risk factors. Central nystagmus, 
ischemic attack Typically single episode (stroke) or one or more abnormal neurologic 
transient episodes lasting at least minutes. examination, abnormal 


Associated neurologic symptoms, such as motor MRI or angiography 
paresis, dysarthria, and other cranial nerve 
abnormalities, are common. 


Acoustic neuroma Mild to moderate unsteadiness when walking; Central nystagmus, 


unilateral tinnitus; hearing loss abnormal MRI 
Hyperventilation Triggered by stressful situations; builds up slowly Reproduction of 


and persists for 20 minutes or longer symptoms during 2- 
minute hyperventilation 
test 

Psychiatric History of psychiatric illness, especially anxiety Diagnosis of exclusion 
disorders after other causes ruled 
out 
Presyncope Sensation of almost passing out Depends on cause 
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Vestibular and Peripheral Nerve Causes of Dizziness 


Vestibular causes of dizziness are often—but not always—associated with vertigo. Vestibular 
dizziness is typically of short duration and is recurrent or episodic. Unlike orthostatic 
hypotension, vestibular dizziness may occur in the supine position. It is most commonly 
exacerbated by head movement. A recent upper respiratory tract infection, hearing loss, tinnitus, 
or head trauma may suggest vestibular causes of dizziness. 


Benign paroxysmal positional vertigo (BPPV) is the most common cause of vestibular dizziness. 
BPPV is thought to be caused by otolith debris within the semicircular canal. Patients typically 
describe vertigo lasting minutes in duration, with multiple episodes occurring over weeks to 
months. Tinnitus, ear pain, and hearing loss are absent, and nausea that is sufficiently severe or 
prolonged to cause vomiting is rare. Further diagnostic testing of BPPV is not needed in the 
absence of other central nervous system symptoms. The natural history of BPPV is to 
spontaneously remit over a period of several weeks. Recurrences are common, with up to a 30% 
relapse rate over 3 years. 


Otolith repositioning, commonly known as the Epley maneuver, has been shown helpful in 
resolving symptoms of BPPV (Figure 5). In this maneuver, the head is sequentially moved in 
four different positions after waiting for 30 seconds on each turn. The maneuver has no 
significant adverse effects, and variants of the maneuver can be taught to patients if the 
symptoms of BPPV return. If these maneuvers fail, medications may be considered in patients 
with frequently recurring episodes. Anticholinergic medications (scopolamine), antihistamines 
(meclizine or diphenhydramine), benzodiazepines, or phenothiazine may be useful until 
symptoms subside. 


Vestibular neuronitis is another common cause of peripheral vertigo and dizziness. The 
suspected cause is postviral inflammation of the vestibular portion of the eighth cranial nerve, 
but a history of antecedent infection is found in fewer than 50% of patients. Symptoms of 
vertigo, nausea, vomiting, and gait instability are often disabling. Patients do not usually have 
other neurologic findings, and hearing is usually preserved. When hearing is impaired, the 
disorder is termed acute viral labyrinthitis. 


Vestibular neuronitis differs from BPPV in that the symptoms are usually persistent and tend to 
be more severe. Patients with vestibular neuronitis do not have recurrent bouts of disease and 
over several days have a progressive return of equilibrium and cessation of vertigo. A 21-day 
taper of methylprednisolone may result in faster symptom resolution. Herpes zoster oticus 
(Ramsay Hunt syndrome) is a specific type of vestibular neuronitis associated with vertigo, 
hearing loss, ipsilateral facial paralysis, ear pain, and vesicles in the auditory canal and auricle 
(see Ear, Nose, Mouth, and Throat Disorders). It is treated with standard therapy for herpes 
zoster (corticosteroids, appropriate antiviral agents). 


Meniere disease is a cause of episodic vertigo accompanied by sensorineural hearing loss, 
fullness, and tinnitus in the affected ear. The vertigo tends to last from 20 minutes up to several 
hours at a time, in contrast to shorter episodes with BPPV. Fixed hearing loss involving tones of 
all pitches develops over time. Autoimmune vasculitis, trauma, aminoglycoside toxicity, and 
acoustic neuroma are less common causes of vertigo. Audiometry may be useful in determining 
the etiology of dizziness symptoms associated with cochlear symptoms. 


Figure 5. Epley maneuver for relieving benign paroxysmal 
positional vertigo. 


The patient sits on the examination table, with eyes open and head turned 45 degrees to the right 
(A). The physician supports the patient’s head as the patient lies back quickly from a sitting to 
supine position, ending with the head hanging 20 degrees off the end of the examination table 
(B). The physician turns the patient’s head 90 degrees to the left side. The patient remains in this 
position for 30 seconds (C). The physician turns the patient’s head an additional 90 degrees to 
the left while the patient rotates his or her body 90 degrees in the same direction. The patient 
remains in this position for 30 seconds (D). The patient sits up on the left side of the examination 
table (E). The procedure may be repeated on either side until the patient experiences relief of 
symptoms. 


© Maria Hartsock, CMI. Reprinted from Swartz R, Longwell P. Treatment of Vertigo. Am Fam 
Physician. 2005; 71(6):1115-1122, 1129-1130. [PMID: 15791890] 
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Central Nervous System Causes of Dizziness 


Tumors are found in fewer than 1% of dizzy patients. The most common tumor associated with 
dizziness is acoustic neuroma, for which cochlear symptoms (tinnitus and hearing loss) often 
predominate. Unilateral cochlear symptoms raise the suspicion of acoustic neuroma, whereas 
bilateral symptoms more likely represent presbycusis rather than a tumor. 


Posterior circulation cerebrovascular disease can also cause vertigo but is usually associated with 
other neurologic symptoms and findings, such as ipsilateral limb ataxia, temperature and pain 
sensation loss on the contralateral body and ipsilateral face, ipsilateral Horner syndrome, 
dysarthria, and dysphagia. A high index of suspicion should be observed in older patients with 
vascular risk factors, such as smoking, hypertension, diabetes, and hyperlipidemia. Duration of 
symptoms for longer than a few seconds is useful in differentiating either a vertebrobasilar 
transient ischemic attack or stroke from BPPV. Unlike Meniere disease, simultaneous vestibular 
and cochlear symptoms are uncommon in patients with cerebrovascular disease. However, it can 
be difficult to differentiate posterior cerebrovascular ischemic syndromes from vestibular 
neuronitis. 


Migraine headaches may be associated with dizziness described as vertigo. Clues may include 
antecedent aura and a recurrent nature of symptoms that last from minutes to hours. As 
headaches and vertigo may occur with more serious disorders such as cerebellar hemorrhage, the 
initial diagnosis of migrainous vertigo is one of exclusion. 


MRI is indicated when clinical symptoms, audiometric testing, and the neurologic examination 
suggest an infarct, a tumor, or a demyelinating disorder such as multiple sclerosis. The addition 
of MRI angiography may be useful in ruling out posterior circulation vascular disease in a 
patient with intermittent neurologic symptoms. 
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Disequilibrium 


Disequilibrium is a sensation of unsteadiness while walking. It often has multiple causes, with 
deconditioning, peripheral neuropathy, poor hearing, poor eyesight, and polypharmacy the most 
common contributing factors. Medications that contribute to disequilibrium include 
anticholinergic agents, narcotics, benzodiazepines, and antihypertensive agents. In a study of 


1087 community-living persons older than 72 years, 24% had dizziness. More than half of those 
with dizziness had multiple symptom descriptions, and nearly 75% of those with dizziness 
reported more than one triggering activity. Risk factors for dizziness were impaired hearing, 
anxiety, depressive symptoms, polypharmacy, postural hypotension, prior myocardial infarction, 
and impaired balance. Treatment of disequilibrium involves reducing polypharmacy, installing 
safety features in patient’s homes, providing assistive devices such as walkers and canes, 
correcting eyesight and hearing if possible, and instituting physical therapy to improve muscle 
strength. 
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Nonspecific Dizziness 


Often, after an exhaustive evaluation, no specific neurologic or cardiovascular cause of dizziness 
is revealed. Other systemic problems that may cause a feeling of dizziness include 
hypoglycemia, medications, thyroid disease, and anemia. Dizziness associated with 
hyperventilation is typically triggered by stressful situations. Reproduction of the dizziness in an 
office setting is useful but does not rule out other underlying causes, and hyperventilation is a 
common secondary component of multifactorial dizziness. 


Diagnosis of psychiatric illness may be related to nonspecific dizziness. In a study of 345 
patients with dizziness present most days for more than 3 months, 60% met criteria for diagnosis 
of an anxiety disorder; in 30% of these patients with anxiety, no other potential causes of 
dizziness were found. Other common causes of chronic dizziness in the study included traumatic 
brain injury and migraine headache. 
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Insomnia 


Insomnia is difficulty falling asleep or maintaining sleep, waking up too early, or sleep that is 
chronically nonrestorative despite the opportunity and circumstances for sleep; and is associated 
with daytime impairment or distress. Acute insomnia lasts less than 1 week, short-term insomnia 
lasts 1 to 3 weeks, and chronic insomnia occurs at least three times weekly for more than 1 
month. One in three Americans have insomnia at some point in their lives, and one in ten have 
chronic insomnia. Insomnia can occur at any age but is more common as people age, with 
prevalence rates of 12% to 30% in patients older than 65 years. Older adults take longer to 
initiate sleep, the amount of time in lighter levels of sleep increases, overall sleep time decreases, 
and the amount of rapid eye movement (REM) sleep also decreases. Regardless of age, adults 
need approximately 7 to 8 hours of sleep nightly. 


Insomnia has significant personal and societal costs. Insomnia can lead to daytime somnolence, 
irritability, increased health care utilization, decreased quality of life, higher accident rates (2.5- 


4.5 times more likely than controls), and impaired job performance (including higher rates of 
absenteeism). Insomnia may be a harbinger to or a consequence of depression, anxiety, and 
mood disorders. Insomnia may lead to substance abuse such as alcohol and other medications 
(prescription and nonprescription). The total direct costs related to insomnia in the United States 
in 1995 were $13.9 billion. 


At least 80% of insomnia cases are secondary to an underlying condition such as pain, mental 
health disorders, dementia, cardiopulmonary disease, situational worry, a primary sleep disorder, 
or medications (Table 18). Primary insomnia is that which is not due to an underlying condition 
and lasts for a period of more than 1 month. It can be triggered by long-lasting emotional 
distress, travel (jet lag), or work-related changes (shift work). Some of the habits that develop to 
deal with the insomnia, such as napping, going to bed early, or worrying about sleep, can 
perpetuate the problem. 


The medical history should focus on underlying medical conditions (heart failure, chronic 
obstructive pulmonary disease), psychiatric conditions (depression, anxiety, posttraumatic stress 
disorder), and environmental conditions (light, circadian rhythm disturbances, noise, sleep 
partner problems) that may cause or contribute to the insomnia. A sleep history is essential for 
characterizing the patient’s concerns and identifying any possible underlying sleep disorder 
(Table 19). Self-administered questionnaires such as the Pittsburgh Sleep Quality Index may be 
helpful to establish the cause of insomnia and to plan effective treatment. A patient-recorded 
sleep diary for 1 to 2 weeks documenting bedtime, wake time, hours of sleep, and number of 
awakenings may help obtain a more accurate record of sleep habits than general questioning. 


The physical examination should be tailored to confirming problems identified in the history. 
Any diagnostic testing should be guided by judgment about associated medical conditions (for 
example, iron deficiency and renal disease with restless legs syndrome). Referral for 
polysomnography is indicated when a primary sleep disorder is suspected (obstructive sleep 
apnea, restless legs syndrome, periodic limb movement disorder). A sleep study may also include 
multiple sleep latency testing, in which a patient takes four or five 20-minute naps, and sleep 
latency (the time from deciding to sleep to actually falling asleep) is measured. Sleep latency of 
less than 8 minutes is associated with hypersomnia, which occurs with sleep disorders such as 
narcolepsy, insufficient sleep syndrome, medication adverse effects, sleep apnea syndromes, and 
periodic limb movements in sleep. Treatment of insomnia involves addressing and correcting 
precipitating factors. Any intervention—pharmacologic or nonpharmacologic—begins by 
focusing on ensuring adequate sleep hygiene, as poor sleep hygiene can contribute to sleep 
fragmentation, circadian rhythm disturbance, discomfort, and overstimulation. Sleep hygiene 
should be tailored to an individual patient’s needs (Table 20). 


The technique of sleep restriction should be considered in patients with insomnia with no 
underlying medical or psychological disorder in whom sleep hygiene measures have been 
unsuccessful. Sleep restriction involves limiting the time spent in bed and gradually moving 
bedtime later in an effort to consolidate sleep. A patient undergoing sleep restriction should 
maintain a sleep log for 1 to 2 weeks documenting bedtime, sleep time, nocturnal waking, and 
rising time. The patient should then limit the time spent in bed to the average time reported 
sleeping in the sleep log, but no less than 5 hours. A strict rising time each day should be 


maintained. If sleep efficiency (total time asleep/total time in bed) is greater than 90%, bedtime 
can be moved earlier in 15-minute increments, being careful to maintain 90% sleep efficiency. 
Successful sleep restriction technique results in improved total sleep time. Patients should be 
warned that sleep restriction has the potential to significantly increase daytime sleepiness and to 
be cautious driving or engaging in other daytime activities that require attention. 


In cognitive-behavioral therapy for insomnia, patients are provided with correct information 
about sleep (such as the need for 7-8 hours/night and normal changes in sleep associated with 
aging), and negative concerns and beliefs that have arisen about sleep are addressed. In certain 
populations, behavioral techniques such as cognitive-behavioral therapy have been shown to 
decrease awake time more effectively than drugs in randomized trials. Biofeedback and 
progressive muscle relaxation techniques may also be helpful. 


Pharmacologic therapy for insomnia involves both nonprescription and prescription medications. 
Nonprescription antihistamines (diphenhydramine or doxylamine) are widely available, but 
evidence of their efficacy is limited and they are associated with significant adverse effects 
(daytime somnolence, impairment of complex tasks such as driving, anticholinergic side effects). 
Melatonin may be effective for circadian rhythm disturbances (for example, jet lag) but its role, 
as well as that of alternative therapies such as St. John’s wort, valerian, and kava, is unproven, 
and these agents are generally discouraged for chronic insomnia. 


Prescription medications are commonly used for treating insomnia but caution must be 
exercised. Consensus opinion and the FDA recommend limiting the use of sedative hypnotics to 
1 month. The FDA has issued warnings regarding severe allergic reactions and anaphylaxis as 
well as complex sleep-related behaviors (such as sleep-driving or sleep-eating; often associated 
with amnesia of the events) for many commonly used agents. It is important to avoid hypnotics 
in patients with underlying disorders in which their use can be counterproductive. For example, a 
patient with obstructive sleep apnea syndrome would not be aided and would potentially be 
harmed by sleeping pills. In addition, patients should be cautioned to avoid using alcohol while 
taking any sedative-hypnotic sleep medication. Finally, several studies suggest that nondrug 
therapies may be more effective if not used in conjunction with drugs. In general, 
nonbenzodiazepine hypnotics, such as zolpidem, zaleplon, and eszopiclone, have more favorable 
effects on sleep and fewer side effects than benzodiazepines. Benzodiazepines have the potential 
for dependency and may lose effectiveness after 30 days; tapering the dose at discontinuation 
may mitigate withdrawal or rebound insomnia. The minimally effective dose for the shortest 
duration should be used. Antidepressants should be used to treat underlying depression and 
should not be used solely to treat insomnia. Dopaminergic agents can be helpful in treating 
symptoms of restless legs syndrome (when other reversible causes such as iron deficiency, 
thyroid disease, and caffeine use have been eliminated); if these agents are unhelpful or 
contraindicated, clonazepam or gabapentin may help restless legs syndrome. 


Table 18. Common Causes of Insomnia 


Cause Characteristics 
Psychophysiologic Disturbed sleep resulting from conditioned arousal usually to the 


insomnia 


Restless legs syndrome 


Periodic limb 
movement disorder 
Sleep state 
misperception 
Central sleep apnea 
syndrome 


Obstructive sleep 
apnea syndrome 


Inadequate sleep 
hygiene 


Environmental sleep 
disorder 
Hypnotic-dependent 
sleep disorder 


Alcohol-dependent 
sleep disorder 


Shift-work sleep 
disorder 

Time zone change 
syndrome (jet lag) 


Anxiety and depressive 


disorders 


Dementia 


bedroom. Look for a history of sleep improvement when away from the 
bedroom. Patients may have an inordinate concern over sleep. 


An uncomfortable or restless feeling in legs most prominent at night and 
at rest associated with an urge to move and alleviated by movement. 
Approximately 80% of patients with RLS have PLMD on 
polysomnography. 

Repetitive stereotypic leg movement during sleep. Polysomnography is 
necessary for diagnosis. 


Objectively normal sleep in the face of the patient’s report of 
insufficient sleep. 


Repetitive pauses in breathing during sleep without upper airway 
occlusion. Look for associated history of CHF or CNS disease. 
Polysomnography is necessary for diagnosis. 


Upper airway obstruction during inspiration in sleep. Look for a history 
of snoring, witnessed pauses in respiration, and daytime sleepiness. 
Polysomnography is necessary for diagnosis. 


Disturbed sleep associated with caffeine, tobacco, alcohol use, or 
irregular sleep habits (e.g., college students). Comprehensive sleep 
history will facilitate the diagnosis. 


Disturbed sleep associated with environmental elements. 
Comprehensive sleep history will facilitate the diagnosis. 


Disturbed sleep associated with tolerance to or withdrawal from 
hypnotic drugs. Positive history of sustained hypnotic drug use with 
development of tolerance leading to increased dose. 


Alcohol used to initiate sleep; sleep that follows is fragmented. Ask for 
patient’s history of alcohol use to facilitate sleep for at least the last 30 
days. 

Symptoms of insomnia as a consequence of shift-work. Shift work 
includes those patients working a permanent night shift. 


Time zone changes secondary to travel, leading to poor sleep, daytime 
sleepiness, or both. 


May trigger sleep initiation or sleep maintenance problem. Most patients 
with anxiety and insomnia will present with anxiety first or concomitant 
with insomnia. In contrast, depression tends to follow insomnia. 
Insomnia associated with dementia and manifested by wandering, 
aggressive behavior, verbalization, and delirium in the early evening 
hours. 


CHE = congestive heart failure; CNS = central nervous system; PLMD = periodic limb 
movement disorder; RLS = restless legs syndrome. 


Table 19. Elements of a Comprehensive Sleep History 


Problems of sleep initiation, sleep maintenance, early morning waking, or nonrestorative sleep 
Duration of symptoms 

Stability or progression of symptoms (stable, worsening, or improving) 

Precipitating causes of insomnia 

Bedtime, waking time, length of sleep time 


Bedtime routine, including activities 1-2 hours before sleep and activities while in bed (such as 
watching television) that may delay sleep 


Caffeine use (within 8 hours of bedtime) 

Alcohol use (in general or as sleep aid) 

Any current or previous behavioral therapies used to treat insomnia 
Previous over-the-counter or prescription sleep remedies 

Shift work or irregular sleep schedule 

Potential acute stressors, such as: 

Medical or psychiatric illness 

Medication use, both prescribed and illicit 

Acute stress at home or work 

Circadian rhythm stressors (jet lag) 


Table 20. Sleep Hygiene and Stimulus Control Behaviors 


Maintain stable bedtimes and rising times, even if there is trouble initiating or maintaining sleep 
on a given night 

Spend no more than 8 hours in bed 

Experience regular daytime light exposure 

Maintain a quiet, dark bedroom 


Associate the bedroom with rest and sleep: avoid activities such as watching television or 
reading in bed 


Maintain adequate nutrition 

Avoid sleep-fragmenting substances, such as caffeine, nicotine, and alcohol 
Caffeine within 8 hours of bedtime can fragment sleep 

Avoid using alcohol to initiate sleep 

Alcohol may promote drowsiness but impairs deeper levels of sleep 

Avoid clock-watching 


If unable to initiate sleep within 20 minutes of attempting sleep, advise patients to leave the 
bedroom, undertake nonstimulating activities (such as reading) elsewhere, and return to bed 
when sleepy 


Maintain regular exercise 
Avoid heavy exercise within 2 hours of bedtime 
Avoid bright light before bedtime 


Maintain a 30-minute relaxation period before bedtime 
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Syncope 


Syncope is a sudden and transient loss of consciousness and posture, typically caused by a lack 
of blood flow to the brain. Presyncope is a sensation of nearly losing consciousness and has the 
same general causes as syncope. Common findings on the history and physical examination 
associated with various types of syncope are described in Table 21. 


Table 21. Differential Diagnosis of Syncope 


Possible Associated Findings 
Diagnosis 
Seizures Tongue biting, incontinence, preceding emotional stress, loss of memory or 
confusion after the event, a prodrome of déja vu or jamais vu 
Vasovagal Prodrome of nausea, diaphoresis, and pallor before syncope. Triggers such as 
syncope fear, pain, prolonged standing, phlebotomy, coughing, urinating, defecating, 


and drinking cold liquids. 
Carotid sinus Head turning or other pressure on carotid sinus 


syncope 

Orthostatic Syncope on standing from sitting or supine position, history of drugs associated 

hypotension with orthostatic hypotension, diseases associated with autonomic failure (such 
as Parkinson disease) 

Stroke Associated focal neurologic symptoms, headache 


Structural heart Abnormal murmur on cardiac examination, exertional syncope, abnormal ECG, 
disease history of heart disease 


Arrhythmia History of coronary artery disease or heart failure, exertional syncope, 
palpitations, absence of a prodrome, family history of sudden death, drugs 
prolonging QT interval, abnormal baseline ECG 


Systemic causes History of labile diabetes, anemia, volume depletion, adrenal insufficiency 


Psychiatric Frequent episodes, odd associated symptoms, no heart disease 
syncope 


ECG = electrocardiogram. 
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Neurologic Causes of Syncope 


Seizures are a common cause of loss of consciousness and should be considered when there are 
no witnesses to the event or a suggestive history is elicited. There are several clues on history 
that may help differentiate syncope from seizures. Loss of consciousness associated with tongue 
biting, incontinence, preceding emotional stress, loss of memory or confusion after the event, 
head turning during the event, and a prodrome of déja vu or jamais vu (a false sensation of 
unfamiliarity with a situation) are all suggestive of seizure. A history of prior lightheaded spells, 
diaphoresis preceding spells, and spells after prolonged sitting or standing are more suggestive of 
causes of syncope that are not seizure related. 


Cerebrovascular disease is an uncommon cause of syncope. Syncope can be associated with 
stroke, subarachnoid hemorrhage, vertebrobasilar insufficiency, and subclavian steal syndrome 
but rarely occurs without other findings on neurologic examination. In some disorders, such as 
large subdural hematomas, it is difficult to determine whether the finding is a result of a fall 
caused by syncope or a contributing factor to the syncope itself. 
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Neurocardiogenic Syncope 


Neurocardiogenic or vasovagal syncope is one of the most common causes of syncope. In 
neurocardiogenic syncope, triggers lead to increased parasympathetic tone, causing a drop in 
heart rate and blood pressure (cardioinhibitory response); decreased sympathetic tone, causing 
vasodilation and hypotension (vasodepressor response); or a combination of the two. The 
increased vagal tone seen in neurocardiogenic syncope typically causes a prodrome of nausea, 
diaphoresis, and pallor. Common triggers include fear, pain, prolonged standing, phlebotomy, 
coughing, urinating, defecating, and drinking cold liquids. Neurocardiogenic syncope is 
frequently diagnosed when other causes of syncope are excluded or with a suggestive history in a 
low-risk patient. It may also be diagnosed by characteristic bradycardia and hypotension during 
an upright tilt-table test. 


Carotid sinus hypersensitivity causes neurocardiogenic syncope when mechanical pressure on 
the carotid sinus stimulates the glossopharyngeal nerve, altering sympathetic and 
parasympathetic tone. Recent studies suggest that carotid sinus hypersensitivity is common in the 
elderly, occurring in up to 35% of asymptomatic patients. It is a diagnosis of exclusion when 
other causes of syncope have been eliminated. 


Treatment of neurocardiogenic syncope is based on trigger avoidance and assumption of a supine 
position with legs elevated when symptoms arise. Other nonpharmacologic treatments include 
compression stockings, tilt training, and volume expansion. In patients with frequent episodes, 
pharmacologic therapy with B-blockers may be considered. A dual-chamber pacemaker can be 


considered in selected patients with inappropriate bradycardia when medical therapy is 
ineffective, episodes are particularly severe and frequent, and a predominant cardioinhibitory 
response is found on tilt-table testing. 
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Orthostatic Hypotension 


Orthostatic hypotension is a frequent cause of syncope and presyncope. It is defined as a systolic 
blood pressure decrease of at least 20 mm Hg or a diastolic blood pressure decrease of at least 10 
mm Hg within 3 minutes of standing. Orthostatic hypotension may be classified into medication- 
induced, neurogenic, and nonneurogenic categories. 


Common medications associated with orthostatic hypotension include a-adrenergic blockers, 
nitrates, diuretics and other antihypertensive agents, phosphodiesterase inhibitors, and 
antidepressants. Initiation of a new medicine is often temporally related to symptoms. Examples 
of diseases causing neurogenic orthostatic hypotension are diabetic or alcoholic polyneuropathy, 
multiple sclerosis, and multiple systems atrophy. Nonneurogenic orthostatic hypotension may be 
caused by disorders such as adrenal insufficiency, venous pooling, or volume depletion from an 
acute medical illness. 


Patients with orthostatic hypotension should be educated to avoid rising to standing positions 
quickly, to wear elastic support hose, and to avoid volume depletion and large meals. In patients 
in whom these measures fail and no offending medications are being given, a trial of 
fludrocortisone or a sympathomimetic agent may be useful. 
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Cardiac Disease 


Three major groups of disorders cause syncope of cardiac origin. These disorders are cardiac 
outflow obstruction, arrhythmias, and cardiac ischemia. Causes of obstructed cardiac output 
leading to syncope include severe aortic stenosis, hypertrophic obstructive cardiomyopathy, and 
pulmonary embolism. Coronary artery disease is an uncommon cause of syncope and typically 
occurs with symptoms of cardiac ischemia, abnormal cardiac enzyme levels, or an abnormal 
electrocardiogram. 


Ventricular tachycardia, atrial arrhythmias, and bradyarrhythmias can cause syncope. Atrial 
tachyarrhythmias are more likely to cause palpitations and lightheadedness than syncope. 
Ventricular tachycardia (VT) is perhaps the most feared cause of syncope because of its tendency 
to recur and cause sudden cardiac death. VT is most commonly seen in patients with advanced 
systolic heart failure and underlying ischemic heart disease (see MKSAP 15 Cardiovascular 
Medicine). Less common causes include long QT syndrome, catecholaminergic polymorphic 


VT, and Brugada syndrome. Patients at risk for recurrent VT should receive electrophysiologic 
testing and consideration of an implantable cardioverter-defibrillator. Syncope may also be 
associated with long (>3 seconds) sinus pauses and advanced heart block. These conditions are 
readily treated by pacemaker insertion. 


PreviousNext 


Risk Stratification and Hospitalization 


The decision to hospitalize a patient with syncope should be based on concern for a short-term 
risk for arrhythmia or sudden death that will be detected during the observation period. Several 
recent studies have tried and failed to define prediction rules with sufficient sensitivity to detect 
life-threatening causes. While no rule has been validated for widespread use, the literature has 
identified several factors associated with a significantly increased risk of adverse events (Table 
22). Patients with these characteristics should be considered for admission or observation. Age 
and other comorbidities are also important factors in deciding whether to admit a patient. The 
American College of Emergency Physicians considers age a risk factor for adverse longer-term 
outcomes in patients with syncope but felt there were insufficient data to recommend a specific 
age cutoff for which they would recommend admission. 


Table 22. Risk Factors for Short-Term Adverse Outcomes 
from Syncope (American College of Emergency Physicians) 


Abnormal ECG 

Acute ischemia 

New changes on ECG 

Any rhythm other than sinus 

Significant conduction abnormalities 

Hematocrit <30% 

History of heart failure, coronary artery disease, or structural heart disease 
Older age 


ECG = electrocardiogram. 
Information from Huff JS, Decker WW, Quinn JV, et al. Clinical policy: critical issues in the 


evaluation and management of adult patients presenting to the emergency department with 
syncope. Ann Emerg Med. 2007;49(4):43 1-444. [PMID: 17371707] 
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Diagnostic Evaluation of Syncope 


A general approach to the evaluation of syncope is outlined in Figure 6. All patients should 
undergo a thorough history, physical examination, 12-lead electrocardiogram, and orthostatic 
vital sign evaluation. Serum electrolytes and a hematocrit are often useful to screen for common 
systemic disorders. In patients deemed low risk with a suggestive history for neurocardiogenic 
syncope, no further evaluation may be needed. In patients with normal orthostatic vital signs but 
with a history strongly suggestive of neurocardiogenic syncope, tilt-table testing may be 
indicated. Carotid sinus massage can be attempted with monitoring in patients without bruits or 
cerebrovascular disease when other causes of syncope have been excluded. The massage 
attempts to reproduce index symptoms with a characteristic heart rate and blood pressure 
response. 


If the cause of syncope is unexplained from the initial evaluation, continuous telemetry may be 
useful to screen for paroxysmal arrhythmias. If symptoms are frequent, 24-hour ambulatory 
monitoring may be useful to exclude arrhythmia as a cause of symptoms. If symptoms are 
infrequent, an event monitor or loop recorder should be used. If structural heart disease is 
suspected, an echocardiogram is indicated. In patients with coronary artery disease or heart 
failure, electrophysiologic testing is often performed because these patients have a high 
incidence of malignant ventricular arrhythmias. If syncope occurs during exercise, a graded 
exercise test may reveal useful information. 


Neuroimaging, such as CT scanning, is of limited use in evaluating syncope. It has the highest 
yield in patients who are older than 65 years and have neurologic symptoms such as headache, 
neurologic examination abnormalities, head trauma, or are on anticoagulants. Bilateral carotid 
stenosis is a rare cause of syncope, and routine carotid duplex ultrasonography is not 
recommended. An electroencephalogram may be useful in patients with historical features more 
consistent with seizures than syncope. 


History, physical examination, electrocardiogram 


Diagnostic for orthostatic Unexplained syncope 
hypotension or 
Echocardiogram, exercise test, 
and ischemia evaluation 


neurocardiogenic syncope 
If found, treat for structural heart disease and ischemia. 
For arrhythmia evaluation, consider electrophysiologic 
testing if there is a history of myocardial infarction. 
Consider implantable defibrillator if the left ventricular 
ejection fraction is 20.30, with or without a history of 
myocardial infarction. 


Single, benign episode Frequent episodes Infrequent episodes 
Evaluation complete Correlate symptoms with Implantable 
rhythm with ambulatory loop recorder 


or event monitor, or 


implantable loop 
recorder, as appropriate. 


Sinus rhythm Arrhythmia 
with symptoms with symptoms 


Cardiac evaluation [teat | 
complete 


Figure 6. Evaluation of syncope. 


Reproduced with permission from Strickberger SA, Benson DW, Biaggioni I, et al; American 
Heart Association Councils on Clinical Cardiology, Cardiovascular Nursing, Cardiovascular 
Disease in the Young, and Stroke; Quality of Care and Outcomes Research Interdisciplinary 
Working Group; American College of Cardiology Foundation; Heart Rhythm Society; American 


Autonomic Society. AHA/ACCF Scientific Statement on the Evaluation of Syncope. Circulation. 
2006; 113(2):317. [PMID: 16418451] Copyright 2006, American Heart Association, Inc. 
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Chest Pain 


In outpatients, the most common cause of chest pain is musculoskeletal; in emergency settings, 
approximately 50% of patients have an acute coronary syndrome. The differential diagnosis of 
chest pain can be approached as cardiac, pulmonary, gastrointestinal, musculoskeletal, and 
psychiatric causes (Table 23). 


Ischemic chest pain classically presents as substernal pressure, tightness, or heaviness with 
radiation to the jaw, shoulders, back, or arms. The most powerful clinical features that increase 
the probability of myocardial infarction include chest pain that simultaneously radiates to both 
arms (positive likelihood ratio = 7.1), an S3 (positive likelihood ratio = 3.2), and hypotension 
(positive likelihood ratio = 3.1). In contrast, a normal electrocardiogram result (negative 
likelihood ratio = 0.1-0.3), chest pain that is positional (negative likelihood ratio = 0.3) or 
reproduced by palpation (negative likelihood ratio = 0.2-0.4), or pain that is sharp or stabbing 
(negative likelihood ratio = 0.3), makes an ischemic etiology less likely. Patients suspected of 
having acute coronary syndrome are hospitalized and evaluated with serial electrocardiograms 
and measurement of cardiac biomarkers, chest radiography, and, often, echocardiography. Low- 
risk patients without evidence of myocardial infarction are evaluated with an exercise or 
pharmacologic stress test. 


Acute pericarditis (viral or bacterial) is characterized by sudden onset of substernal chest pain 
with radiation along the trapezius ridge; the pain is often worse with inspiration and lying flat 
and is frequently alleviated with sitting and leaning forward. Pericarditis may be preceded or 
accompanied by symptoms of an upper respiratory tract infection and fever. A pericardial 
friction rub is present in 85% to 100% of patients at some time during its course. A confirmatory 
electrocardiogram will show diffuse ST-segment elevation and PR-segment depression, findings 
that are specific but not sensitive. 


Patients with dissection of the thoracic aorta typically present with abrupt onset of back pain or 
severe, sharp, or “tearing” chest pain that may radiate to the abdomen. A pulse differential 
(diminished pulse compared with the contralateral side) is one of the most useful findings 
(positive likelihood ratio = 5.7). Focal neurologic deficits are present in a minority of patients, 
but in the proper clinical context, such findings are highly suggestive. A wide mediastinum on a 
chest radiograph is a common initial finding, and the absence of this finding helps rule out 
dissection (negative likelihood ratio = 0.3). However, the “classic” manifestations of aortic 
dissection, including widened mediastinum, a pulse deficit, and radiation of the pain, are often 
absent; this diagnosis should, therefore, be considered in any patient who presents with sudden 
severe thoracic pain. CT of the chest, MRI, transesophageal echocardiography, and aortic root 
angiography all have a high sensitivity and specificity for detection of a dissection flap. 


Aortic stenosis is a cause of exertional chest pain. Physical examination reveals a systolic 
crescendo-decrescendo murmur best heard at the second right intercostal space with radiation to 
the carotids. A transthoracic echocardiogram is the diagnostic test of choice for suspected aortic 
stenosis. 


Pulmonary causes of chest pain include embolism, pneumonia, and pneumothorax. Pulmonary 
embolism may present with acute pleuritic chest pain, dyspnea, and, less often, cough and 
hemoptysis. The presence of risk factors for pulmonary embolism, such as recent surgery, 
immobilization, history of previous venous thromboembolism, and malignancy, may suggest the 
diagnosis. Physical examination findings are nonspecific. Pleuritic chest pain associated with 
pneumonia is often accompanied by fever, chills, cough, purulent sputum, and dyspnea. The 
physical examination may show wheezing or crackles and signs of consolidation such as dullness 
to percussion, egophony, and bronchophony. Pneumothorax should be considered in any patient 
with sudden onset of pleuritic chest pain and dyspnea. The physical examination may show 
decreased breath sounds on the affected side; if a tension pneumothorax is present, hypotension 
and tracheal deviation to the opposite side of the pneumothorax can be seen. 


Pulmonary causes of chest pain are initially evaluated with a chest radiograph. In patients with 
dyspnea, pulse oximetry or an arterial blood gas analysis is indicated. In the setting of moderate 
to high suspicion for pulmonary embolism, a helical CT scan of the chest or a 
ventilation/perfusion lung scan with or without duplex Doppler examination of the lower 
extremities is an appropriate initial approach. A negative D-dimer test helps exclude the 
diagnosis of pulmonary embolism and is most helpful when the clinical suspicion is low. 


Pain associated with gastroesophageal reflux can mimic ischemic chest pain. Important 
distinctions include gastroesophageal pain lasting minutes to hours and resolving either 
spontaneously or with antacids. However, response to antacids cannot be relied on to rule out a 
cardiac cause. Discomfort associated with reflux is often positional (worse when lying down), 
increases after meals, or awakens patients from sleep. In unclear cases, it is appropriate to 
exclude cardiac causes of chest pain before evaluating gastrointestinal etiologies. For patients 
with a high probability of gastroesophageal reflux disease, empiric treatment with a proton pump 
inhibitor for 4 to 6 weeks is an appropriate initial diagnostic and therapeutic approach. 


Musculoskeletal causes of chest pain are more common in women than men; common causes 
include costochondritis, arthritis, and fibromyalgia. Musculoskeletal chest pain has an insidious 
onset and may last for hours to weeks. It is most recognizable when sharp and localized to a 
specific area of the chest; however, it can also be poorly localized. The pain may be worsened by 
turning, deep breathing, or arm movement. Chest pain may or may not be reproducible by chest 
palpation (pain reproduced by palpation does not exclude ischemic heart disease), and the 
cardiovascular examination is often normal. For musculoskeletal chest pain, the history and 
physical examination are keys to the diagnosis; selected imaging and laboratory tests may be 
indicated depending upon the clinical circumstances. 


Chest pain can also be a manifestation of severe anxiety and panic attack. Patients may complain 
of sweating; trembling or shaking; sensations of choking, shortness of breath, or smothering; 
nausea or abdominal distress; and feeling dizzy, unsteady, or lightheaded. On physical 


examination, tachycardia and tachypnea may be present, but the remainder of the cardiovascular 
and pulmonary examinations is unremarkable. Psychosomatic chest pain is a clinical diagnosis; 
other causes of chest pain are usually excluded by careful history and physical examination. 


Table 23. Differential Diagnosis of Chest Pain 


Disease 
Acute coronary 
syndrome 


Aortic dissection 


Aortic stenosis 
Esophagitis 
Musculoskeletal 


pain 
Panic attack 


Pericarditis 


Pneumothorax 


Pulmonary 
embolism 


Notes 
Chest pain, nausea, or dyspnea. Associated with specific ECG and 
echocardiographic changes. Cardiac enzymes help establish diagnosis of 
myocardial infarction. 


Substernal chest pain with radiation to the back, midscapular region. Often 
described as “tearing” or “ripping” type pain. Chest radiograph may show a 
widened mediastinal silhouette, a pleural effusion, or both. 


Chest pain with exertion, heart failure, syncope. Typical systolic murmur at 
the base of the heart radiating to the neck. 


Burning-type chest discomfort, usually precipitated by meals, not related to 
exertion. Often worse lying down, improved with sitting. 


Typically more reproducible chest pain. Includes muscle strain, 
costochondritis, and fracture. Should be a diagnosis of exclusion. 


May be indistinguishable from angina. Often diagnosed after a negative 
evaluation for ischemic heart disease. Often associated with palpitations, 
sweating, and anxiety. 


Substernal chest discomfort that can be sharp, dull, or pressure-like, often 
relieved with sitting forward. Usually pleuritic. ECG changes may include 
ST-segment elevation (usually diffuse) or more specifically (but less 
commonly) PR-segment depression. 

Sudden onset of pleuritic chest pain and dyspnea. Chest radiograph or CT 
confirms the diagnosis. 

Commonly presents with dyspnea. Pleuritic chest pain is present in 
approximately 30% of patients. Look for risk factors (immobilization, recent 
surgery, stroke, cancer, previous VTE). 


CT = computed tomography; ECG = electrocardiography; VTE = venous thromboembolism. 
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Musculoskeletal Pain 


Acute Low Back Pain 
Neck Pain 

Shoulder Pain 

Elbow Pain 

Wrist and Hand Pain 
Hip Pain 

Knee Pain 

Ankle and Foot Pain 


Key Points 


Low back pain is usually self-limited, with a 90% full recovery rate at 6 weeks. 

Cauda equina syndrome most often presents with urinary retention. 

A positive straight-leg-raise test has a sensitivity of 91% in diagnosing disk herniation. 
In nonspecific low back pain, imaging results correlate poorly with symptoms. 
Diagnostic imaging with CT or MRI is typically reserved for patients with low back pain 
associated with severe or progressive neurologic deficits or “red flags” suggesting a 
serious condition. 

First-line medications for low back pain are acetaminophen and NSAIDs. 

NSAIDs and physical therapy are the mainstays of treatment for musculoskeletal neck 
pain. 

Surgery is not indicated in patients with neck pain without neurologic manifestations. 
In patients with rotator cuff tendinitis, range-of-motion exercises must be done daily 
during the resting phase to prevent adhesive capsulitis. 

Most acromioclavicular injuries (grade I-III) do not require a surgical approach. 
Severe clavicular displacements (grades IV-VT) should be referred for surgery 
immediately. 

Restricted range of motion of the elbow may indicate an inflammatory arthropathy. 

De Quervain tenosynovitis is diagnosed by the finding of pain on extreme extension of 
the extensor tendon of the thumb. 


e Carpal tunnel syndrome is a common cause of wrist and hand pain, typically caused by 
repetitive overuse of the wrist. 

e True hip pain usually presents as groin pain and is increased by weight bearing. 

e Bursal pain is typically situated laterally or posteriorly and is worsened by lying on the 
affected bursa. 

e The most common cause of knee pain in patients younger than 45 years, especially in 
women, is the patellofemoral syndrome. 

e Prepatellar bursitis is associated with anterior knee pain and swelling anterior to the 
patella and is often caused by trauma or repetitive kneeling. 

e Pes anserine bursitis causes pain located medially, about 6 cm below the joint line, which 
is worse with activity and at night. 

e Tliotibial band syndrome is a common cause of knifelike lateral knee pain that occurs 
with running. 

e Plain films are only needed in evaluating acute knee pain after a fall if at least one of the 
following is present: age older than 55 years, tenderness at the head of the fibula or 
patella, inability to flex knee to 90 degrees, or inability to bear weight for four steps. 

e Inan ankle sprain, ecchymoses around the joint suggest bleeding in the region of a torn 
ligament. 

e The Ottawa ankle and foot rules are highly sensitive for ruling out fracture. 

e Plantar fasciitis is the most common cause of heel pain, and reproduction of the pain with 
toe dorsiflexion confirms the diagnosis. 
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Acute Low Back Pain 


Acute low back pain is the fifth most common reason for ambulatory physician visits in the 
United States. It is defined as pain between the costal margin and the gluteal folds for less than 6 
weeks. Seventy percent of patients will have an occurrence over their lifetime, usually during 
middle age. It is usually self-limited, with full recovery in 6 weeks in 90% of individuals. Of 
patients presenting with acute low back pain, approximately 4% have compression fractures, 1% 
to 3% have prolapsed intervertebral disks, and 3% have spinal stenosis; neoplasia, ankylosing 
spondylitis, and spinal infections are even rarer. An age of onset of greater than 50 years denotes 
a higher risk for concerning diagnoses. 
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Diagnosis and Evaluation 


The goal of performing a diagnostic triage is to look for “red flags” that might denote a more 
serious injury (Table 24). The American College of Physicians and the American Pain Society 
recommend that the initial history and physical examination of a patient with low back pain be 
directed toward categorizing the patient as having nonspecific low back pain, back pain that may 


be associated with radiculopathy or spinal stenosis, or back pain that may be caused by some 
other specific spinal pathology. Psychosocial factors that predict risk for chronic disabling back 
pain should also be assessed; these include depression, somatoform disorders, job dissatisfaction, 
and higher levels of disability. Thoracic rather than lumbar pain may indicate more severe 
pathology, as may pain that is constant, progressive, nonmechanical in nature (no relief with bed 
rest), or lasting for more than 4 weeks. Patients initially presenting with back pain who are 
treated conservatively should be instructed to call the office immediately if they develop 
neurologic symptoms (distal muscle weakness, foot drop) or urinary retention, which is 90% 
sensitive for the presence of cauda equina syndrome. 


During the physical examination, the clinician should percuss the spinous processes (painful in 
compression fracture or pathologic fracture) and palpate in between the spinous processes 
looking for tenderness (seen in disk space abscesses). Next, palpating the paravertebral 
musculature helps to locate the level of the injury. Palpating over the sacroiliac joints may elicit 
tenderness in sacroiliitis. Asking the patient to point to the most tender location on the back with 
one finger helps establish the level. Checking range of motion is not beneficial in an examination 
for acute back pain, as range is usually decreased from any condition causing acute back pain. 


A careful, focused neurologic examination is essential. The deep tendon reflexes at the patellar 
and Achilles tendons should be assessed bilaterally. The strength in the quadriceps muscles may 
be assessed by asking the patient to stand up from a sitting position without using the arms. Calf 
strength is best demonstrated by the ability to stand on tiptoes, and distal strength can be 
demonstrated by dorsiflexion of the toes against resistance. The patient’s gait should be observed 
for the presence of foot drop. Sensation in the perineum, buttocks, legs, and feet should be 
assessed, and assessing rectal tone and signs of urinary retention may be considered, depending 
on the level of symptoms and signs. 


Symptoms and signs in the sciatic nerve distribution are fairly sensitive for lumbar disk 
herniation, of which 90% of cases occur in the L4-L5 distribution. The straight-leg-raise 
maneuver has a sensitivity of 91% in diagnosing disk herniation. If a nerve is tethered by a 
compressive problem, such as a herniated disk, stretching the leg by raising it off the table 30 to 
70 degrees while the patient is in a supine position will pull on the nerve, sending a shooting 
“electric shock” sensation from the hip down to the ankle. (A stretching pain in the tendons or 
tendon sheaths in the low back or posterior leg should not be confused with the nerve pain of a 
positive test.) 


In general, plain film findings correlate poorly with symptoms and should not be ordered in 
patients with nonspecific low back pain. Disk degeneration is found in 33% of asymptomatic 
patients younger than 30 years, in 60% of patients between 40 and 60 years, and in almost all 
patients older than 60 years. Spondylolisthesis (anterior slippage of the vertebral body due to 
bilateral separation of vertebral pars interarticularis) is found in 1% to 5% of normal persons, and 
spondylolysis (unilateral or bilateral separation in the vertebral pars interarticularis) is equally 
prevalent in normal and symptomatic persons. Other findings in asymptomatic patients include 
congenital anomalies, disk calcification, Schmorl nodes (disk material within a vertebral body), 
and mild to moderate scoliosis. The utility of lumbar plain films lies mainly in the workup of a 


potential compression fracture in patients at risk (for example, owing to corticosteroid use, 
trauma, or osteoporosis). 


Disk herniation and spinal stenosis cannot be detected with plain films. On advanced imaging 
studies, even in asymptomatic patients, a herniated disk may be found in 20% to 30% of patients. 
Spinal stenosis, a common cause of back and leg pain in elderly patients, has been found in more 
than 20% of asymptomatic persons older than 60 years. 


In general, diagnostic imaging and testing should be ordered when severe or progressive 
neurologic deficits are present or when a serious underlying condition is suspected on the basis 
of red flags. When radiculopathy is not resolving or spinal stenosis is a major consideration, and 
if the patient is a candidate for surgery or epidural corticosteroid injection (for radiculopathy), 
MRI or CT should be considered. 


Table 24. “Red Flags” in the Evaluation of Low Back Pain 


Possible Cause Key Features on History/Physical Imaging* Additional 
Examination Studies” 
Cancer History of cancer with new onset of low MRI ESR 
back pain 
Unexplained weight loss; failure to Lumbosacral ESR 
improve after 1 month; age >50 y plain radiography 
Multiple risk factors present Plain radiography ESR 
or MRI 
Vertebral infection Fever; injection drug use; recent MRI ESR and/or 
infection CRP 
Cauda equina Urinary retention; motor deficits at Emergent MRI None 
syndrome multiple levels; fecal incontinence; 
saddle anesthesia 
Vertebral History of osteoporosis; use of Lumbosacral None 
compression fracture corticosteroids; older age plain radiography 
Ankylosing Morning stiffness; improvement with Anterior- ESR and/or 
spondylitis exercise; alternating buttock pain; posterior pelvis CRP, HLA- 


awakening due to back pain during the plain radiography B27 
second part of the night; younger age 


Severe/progressive Progressive motor weakness MRI Consider 
neurologic deficits EMG/NCV 
Herniated disk Back pain with leg pain in an L4, L5, or None None 


S1 nerve root distribution; positive 
straight-leg-raise test or crossed straight- 
leg-raise test 


Symptoms present >1 month MRI Consider 
EMG/NCV 


Spinal stenosis Radiating leg pain; older age None None 
(pseudoclaudication a weak predictor) 


Symptoms present >1 month MRI Consider 
EMG/NCV 


CRP = C-reactive protein; EMG = electromyography; ESR = erythrocyte sedimentation rate; 
NCV = nerve conduction velocity. 


“Level of evidence for diagnostic evaluation is variable. 


Adapted with permission from Chou R, Qaseem A, Snow V, et al; Clinical Efficacy Assessment 
Subcommittee of the American College of Physicians; American College of Physicians; 
American Pain Society Low Back Pain Guidelines Panel. Diagnosis and treatment of low back 
pain: a joint clinical practice guideline from the American College of Physicians and the 
American Pain Society [erratum in Ann Intern Med. 2008;148(3):247-248]. Ann Intern Med. 
2007;147(7):481. [PMID: 17909209] Copyright 2007, American College of Physicians. 
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Treatment 


A patient-centered approach is important in the management of acute episodes of low back pain. 
Patients should be provided with evidence-based information regarding their expected course as 
well as effective self-care options. Patients should be advised to stay active and continue normal 
activities if possible; bed rest is not an effective treatment plan and may actually lengthen 
disability. 


First-line medications for low back pain are acetaminophen and NSAIDs. Opiates increase the 
risk of side effects (odds ratio = 2.5) compared with acetaminophen alone, and muscle relaxants 
have twice the number of central nervous system side effects. In addition, muscle relaxants have 
a risk of dependency after just 1 week of treatment. Most patients with a herniated disk without 
major neurologic concern experience resolution of their pain spontaneously over the course of a 
few weeks. For those who do not, diskectomy or epidural corticosteroid injections may be an 
option. 


Exercise during the acute phase has the potential to increase the time to recovery; however, 
exercise, spinal manipulation, and yoga have some evidence of efficacy in the management of 
subacute or chronic low back pain in selected patients. Spinal manipulation may be helpful in 
some patients with acute low back pain. Patients are most likely to benefit from spinal 
manipulation if they meet four of the following five criteria: symptom duration less than 16 days, 
no symptoms distal to knee, a score of less than 19 on the Fear-Avoidance Beliefs Questionnaire 


(FABQ), at least one hypomobile lumbar segment (as compared with the mobility in the segment 
above and below), and at least one hip with more than 35 degrees of internal rotation. 


For chronic back pain, tricyclic antidepressants are an option and may be of added benefit in 
treating depressive syndromes that often accompany chronic pain. Patients with psychosocial 
factors that place them at greater risk for chronic pain and disability may respond better to a 
multidisciplinary approach to rehabilitation. 
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Neck Pain 


e Diagnosis and Evaluation 
e Treatment 
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Diagnosis and Evaluation 


Population studies have shown a lifetime prevalence of neck pain of 66%. The evidence is less 
robust for the optimal workup and treatment of neck pain than for back pain but centers on 
similar diagnostic triage, dividing neck pain into three categories: soft tissue strain, neurologic 
pain, and systemic disease. 


Important elements in the history of a patient with neck pain include trauma, gradual versus 
sudden onset, radiation into the arms or frank muscle weakness (associated with disk herniation), 
fever and weight loss, and characteristics of the pain. There is evidence that neck pain is 
associated with work-related risk factors: neck flexion, arm force, arm posture, duration of 
sitting, twisting or bending of the trunk, hand-arm vibration, and workplace design. Gradual 
onset of pain is associated with repetitive motion. 


The physical examination should focus on palpation to elicit tender points (facets, disk spaces, 
musculature), evaluation of strength and reflexes in the upper extremities, lower extremity 
strength and gait, and a search for upper motor neuron signs (Table 25). Laboratory data 
(including complete blood count, erythrocyte sedimentation rate, alkaline phosphatase level) are 
mainly important when considering systemic disease. 


Radiography is necessary to rule out fracture if there is a history of trauma; it is not helpful in 
evaluating acute nontraumatic injury. Three-view plain radiography may be useful if pain has not 
resolved after 4 to 8 weeks. In patients with distal neurologic changes, cervical MRI or CT 
myelography should be obtained. Diseases involving the deeper neck structures (carotid arteritis, 
carotid artery dissection, thyroiditis, lymphadenitis) at times can cause neck pain and must be 
considered when no musculoskeletal cause can be found. 


Table 25. Evaluation of Neck Pain 


Category 


History 


Mechanical neck pain Pain (usually episodic, deep, dull, 


(muscle, ligament, 
facet, intervertebral 
disk) 


Neurologic neck pain 
(cervical nerve root 
and/or spinal cord) 


Neck pain associated 
with systemic disease 


and aching) and stiffness 


Symptom may be precipitated or 
aggravated by excessive or 
unaccustomed activity or sustaining 
an awkward posture without a 
specific injury 


Ligament, muscle, and facet pain 
are localized and asymmetric 


Pain from upper cervical segments 
is referred toward the head; pain 
from lower segments is referred to 
the upper limb girdle 

Significant root pain; sharp, intense, 
often described as a burning 
sensation; may radiate to the 


Physical Examination 


Decrease in active and passive range 
of motion 


Superficial tenderness indicates soft 
tissue pain; deep tenderness 
indicates muscle or bone pain 


Pain on extension or ipsilateral 
lateral flexion usually indicates facet 
pain; pain on flexion or contralateral 
lateral flexion usually indicates soft 
tissue pain 


Neurologic examination may show 
motor weakness, usually involving 
several cervical levels and often 


trapezial and periscapular regions or asymmetric, affecting one or both 


down the arm 


Numbness in a dermatomal 
distribution and motor weakness in 
a myotomal distribution 


Symptoms often more severe with 
certain movement 


Fever, malaise, or pain in areas in 
addition to the neck 


Pain is usually severe, relentless, 
and progressive 


Symptoms or signs may be 
progressive despite treatment 


arms 


Look for plantar extensor response, 
gait disorder, and spasticity in 
patients with spinal cord 
involvement 


Bilateral or multilevel involvement 
indicates more severe pathology 


Complete physical examination may 
show underlying systemic disease, 
such as inflammatory joint disease, 
organ infection, or neoplastic 
process 


Adapted with permission from Huang S, Tsang IK. Neck Pain. 


http://pier.acponline.org/physicians/diseases/d103/tables/d103-tables.html (login required). In 
PIER (online database). Philadelphia: American College of Physicians, 2009. Accessed July 7, 


2009. 
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Treatment 


For patients with neck pain caused by musculoskeletal strain, the mainstays of therapy are 
NSAIDs and physical therapy. The rationale for physical therapy is the belief that exercise helps 
to maintain posture and strengthen the neck muscles, thereby decreasing pain and preventing 
progression of symptoms. Although clinical studies may show some degree of effectiveness of 
various nondrug therapies for neck pain, the effectiveness of these therapies is dependent entirely 
on the skill of the therapist. Most industries have workplace analysis to reduce the risk of 
repetitive motion injuries to the neck. 


Mobilization, manipulation, and exercise may play a role in recovery. There is little evidence 
that transcutaneous electrical nerve stimulation (TENS) units or massage is helpful. Isometric 
resistance exercises of the neck and shoulder musculature for chronic or frequent neck disorders 
appear to be somewhat helpful in preventing recurrence of pain. 


In patients with radicular symptoms, epidural corticosteroid injections have improved patient 
recovery at 2 weeks and may be worth trying before consulting a surgeon. Surgery is not 
indicated in patients without neurologic symptoms and signs. 
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Shoulder Pain 


e Diagnosis and Evaluation 
e Rotator Cuff Tendinitis 


e Impingement Syndrome 
e Adhesive Capsulitis 


e Acromioclavicular Ligament Injuries 
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Diagnosis and Evaluation 


Causes of shoulder pain and associated findings on history and physical examination are listed in 
Table 26. Pain in the shoulder after a traumatic injury or fall may be caused by a partial or full 
rupture of a rotator cuff tendon. Pain that has gradually developed and is associated with 
repetitive motion may be more indicative of tendinitis. Bursa pain is often described as a burning 
sensation. Poorly localized pain may be referred pain caused by disease in other structures, such 


as cervical radiculopathy, cardiac ischemia, diaphragmatic irritation, or pulmonary diseases. 
These external causes of shoulder pain are not related to shoulder movement and do not impair 
range of motion. 


On inspection of the shoulder, asymmetry indicates a possible dislocation. The major anatomic 
landmarks should be palpated, including the subacromial space below the tip of the acromion 
process, the acromioclavicular joint, the biceps tendon groove, the cervical spine, and the 
scapula. Range of motion testing should be performed in several directions. The patient should 
be asked to fully extend the arms above the head; if the patient is unable to do so, the examiner 
should attempt with gentle pressure to assist (passive range of motion). The Apley scratch tests 
consist of several maneuvers to assess range of motion (Figure 7). Checking passive range of 
motion if the patient is unable to achieve the expected range helps define areas of pain or 
weakness. 


Particular tests of the rotator cuff tendons may be performed by standing across from the patient 
and assuming a posture of “shaking hands” with the patient and holding the patient’s elbow with 
the other hand (Figure 8). From this position, the examiner can direct the patient to apply 
pressure in various directions to check the strength and competence of the rotator cuff tendons. 
Frank weakness, sometimes without pain, occurs if there is a complete tear of the tendon. To test 
for impingement, the Hawkins test (Figure 9) is 92% sensitive. In order to determine the 
stability of a shoulder, the apprehension test is performed (Figure 10). If the patient has pain or 
apprehension of possible dislocation of the shoulder, the test is positive and indicative of a loose 
shoulder, as seen in weak musculature or in rotator cuff tears. 


Figure 7. Apley scratch test. 


This test assesses range of motion of the rotator cuff. The patient attempts to reach across the 
chest with the ipsilateral hand to scratch the contralateral shoulder (left), reach over the 
ipsilateral trapezius muscle to scratch the spinous processes of the thoracic spine (center), and 
reach behind the back by internal rotation of the shoulder to scratch the contralateral scapula 


(right). 


Figure 8. Rotator cuff tendon assessment maneuvers. 


To assess rotator cuff function, the examiner stands across from the patient and assumes a 
posture of shaking hands with the patient, holding the patient’s elbow with the other hand. Pain 
with resistance in these directions may indicate tendinitis: (1) resisted internal rotation 
(subscapularis); (2) resisted external rotation (infraspinatus); (3) resisted abduction 
(supraspinatus). 


Figure 9. Hawkins test for shoulder impingement. 


The patient holds the arm extended anteriorly at 90 degrees with the forearm bent to 90 degrees 
(at 12 o’clock), as if holding a shield. The scapula should be stabilized by the examiner. The arm 
is then internally rotated to cross in front of the body. A positive test elicits pain in the shoulder. 
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Figure 10. Apprehension test. 


The patient is placed supine on a table. With the arm abducted at 90 degrees and the forearm 
flexed, the examiner stands at the bedside facing the patient and places one hand under the 
affected shoulder. With the other hand, gentle pressure is placed on the forearm. Pain or 
apprehension constitutes a positive test. 


Table 26. Common Causes of Shoulder Pain 


Condition Characteristics 


Rotator cuff tendinitis Lateral shoulder pain aggravated by reaching, raising arm overhead, lying 
on side. Subacromial pain on palpation and with passive/resisted 
abduction. 


Rotator cuff tear Shoulder weakness, loss of function, tendinitis symptoms, nocturnal pain. 


Similar to tendinitis examination plus weakness with abduction and 
external rotation, positive drop-arm test. 


Bicipital Anterior shoulder pain with lifting, overhead reaching, flexion; reduced 
tendinitis/rupture pain after rupture. Bicipital groove tenderness, pain with resisted elbow 
flexion, “Popeye” lump in antecubital fossa following rupture. 


Adhesive capsulitis Progressive decrease in range of motion, more from stiffness than pain. 
Loss of external rotation, abduction: unable to scratch lower back or fully 
lift arm straight overhead. 


Acromioclavicular Anterior shoulder pain/deformity, usually from trauma or overuse. 


syndromes Localized joint tenderness and deformity (osteophytes, separation), pain 
with adduction. 


Glenohumeral An uncommon cause of shoulder pain. Gradual onset of anterior pain, 

arthritis stiffness. Anterior joint-line tenderness, decreased range of motion, 
crepitation. 

PreviousNext 


Rotator Cuff Tendinitis 


The most common cause of shoulder pain in primary care practices is rotator cuff tendinitis 
(29%). When the history and physical examination are consistent with rotator cuff tendinitis and 
there is no history of trauma, radiography will not likely add to the management. If the pain is 
relieved by a subacromial lidocaine injection in the affected shoulder and the strength is normal, 
the diagnosis is nearly confirmed. During the acute phase (2 weeks), patients may be treated with 
corticosteroid injection, NSAIDs, and rest; physical therapy can be added in the subacute phase. 
Subacromial corticosteroid injections are effective for rotator cuff tendinitis for up to 9 months. 
These injections have been found more effective in higher doses and are probably more effective 
than NSAIDs. Physical therapy alone, however, is insufficient. Patients should be instructed that 
during the resting (acute) phase, range of motion exercises must be done daily to help prevent 
adhesive capsulitis, or frozen shoulder. 
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Impingement Syndrome 


Impingement syndrome is a special category of supraspinatus tendinitis caused by irritation of 
the subacromial bursa or rotator cuff tendon from mechanical impingement between the humeral 
head and the coracoacromial arch, which includes the acromion, coracoacromial ligament, and 
the coracoid process (Figure 11). Chronic overhead activity may contribute to narrowing of this 
space, which can lead to recurrent microtrauma and chronic local inflammation of rotator cuff 
tendons. Pain on the Hawkins test that resolves with injection of lidocaine into the subacromial 
space helps establish the diagnosis. Initial treatment is similar to rotator cuff tendinitis; however, 


persistence of symptoms after 3 months, which occurs in 10% to 25% of patients, may warrant 
an orthopedic referral. 


Coracoacromial 


arch 
Coracoid 


Acromioclavicular process 
joint 


Site of 
impingement 


Greater 
tubercle 


Figure 11. Shoulder impingement syndrome. 


Reproduced with permission from Rencic J. Approach to knee and shoulder pain. In: Internal 
Medicine Essentials for Clerkship Students 2. Philadelphia, PA: American College of 
Physicians; 2009:310. Copyright 2009, American College of Physicians. 
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Adhesive Capsulitis 


Range that is limited on both active and passive motion may be a sign of adhesive capsulitis. 
Chronic adhesive capsulitis may be painless. Adhesive capsulitis typically occurs in patients with 
long-standing shoulder problems; occasionally, however, the patient does not recall an initial 
insult. Adhesive capsulitis usually occurs in middle or older age. When NSAIDs, joint 
corticosteroid injection, and physical therapy are ineffective after 3 months, a patient’s shoulder 
may need to be manipulated under general anesthesia, or alternatively undergo arthroscopy, to 
break the adhesions. 
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Acromioclavicular Ligament Injuries 


A fall onto the superior portion of the shoulder or onto an outstretched hand (FOOSH injury) is a 
common cause of acromioclavicular ligament strain or tear. These injuries are graded into six 
categories based on the severity of involvement of both the acromioclavicular (A-C) ligament 
and the coracoclavicular (C-C) ligament. Grade I is a partial tear of the A-C ligament, and is 
recognized by the physical examination maneuver of bringing the outstretched arm across the 
chest, which elicits sharp pain in the A-C joint. Grade II is a full tear of the A-C ligament and a 
partial tear of the C-C ligament, possibly accompanied by A-C joint widening (normal is <4 cm) 
on an anteroposterior radiograph comparing both shoulders. Grade HI and above are full tears of 
both the A-C and the C-C ligaments, and displacement of the clavicle upwards is usually obvious 
on examination. Grades IV through VI involve severe clavicular displacement or dislocation into 
fascial planes or through muscle and require surgical referral. 


The key initial management of injuries in grades I through III is rest and immobilization. 
Surgical correction of a grade III injury is becoming less common, as studies have shown 
equivalent outcomes between surgical and conservative approaches, with more complications 
from a surgical approach. When the patient’s pain is resolved, a physical therapy program may 
be designed to slowly increase strength and mobility in the shoulder. If pain persists or the 
rehabilitation is not optimal, the patient should be referred to an orthopedist to consider a 
surgical correction. 
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Elbow Pain 
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Diagnosis and Evaluation 


Elbow pain is usually related to periarticular structures. Because it is not a weight-bearing joint, 
the elbow is not normally affected by osteoarthritis. Examination of a painful elbow begins with 
noting any erythema or swelling. It is useful to use the contralateral elbow to compare the 
passive range of motion. The humeroulnar joint should extend to 0 degrees and flex to 
approximately 135 degrees. The radiohumeral joint should rotate 180 degrees; however, bony 
abnormalities (such as from previous fracture) may restrict this. Bursitis and epicondylitis do not 
restrict range of motion, but inflammatory intra-articular conditions, such as rheumatoid arthritis 
or a crystal-induced arthropathy, do. 


Tenderness at either the medial or lateral epicondyle should lead to palpation of the tendons that 
extend distally. The joint line of the radiohumeral joint may be tender if inflamed. In elbow 
injuries stemming from throwing motions (for example, in baseball pitchers), the medial and 
lateral collateral ligaments of the elbow may be tender on palpation or even lax when the 
examiner applies lateral stress. 
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Epicondylitis 


Epicondylitis is caused by microtearing of the tendons resulting from repetitive motions. Lateral 
epicondylitis, or tennis elbow, is the most common cause of elbow pain. Symptoms are 
tenderness of the lateral epicondyle and pain on resisted wrist extension and hand gripping. 
Medial epicondylitis, or golfer’s elbow, is less common. There is tenderness in the medial 
epicondyle and pain with wrist flexion. 


Treatment options for epicondylitis include NSAIDs, corticosteroid injection, and physiotherapy. 
Corticosteroid injection achieves a faster resolution of symptoms than NSAIDs. Although 
corticosteroid injection provides rapid improvement in pain, physiotherapy provides better long- 
term results. A systematic review found evidence of short-term relief of lateral epicondyle pain 
with acupuncture. In about 20% of patients with epicondylitis, surgery may be required to 
achieve resolution. In patients with lateral epicondylitis, employment in a manual job is 
associated with a poor prognosis. 
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Olecranon Bursitis 


Olecranon bursitis, or carpet-layers elbow, occurs when the olecranon bursa develops an 
effusion, either from trauma, an inflammatory process, or infection. On examination, an inflamed 
bursa does not cause restriction or pain withrange of motion of the elbow, providing evidence 
that the joint is not involved. However, the bursa can be extremely tender to palpation. An 


effusion should be aspirated for Gram stain, culture, and crystal analysis to rule out infection or 
gout. When the acute process has resolved, the bursa may thicken and remain swollen 
chronically and may not be painful. 
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Cubital Tunnel Syndrome 


Cubital tunnel syndrome, or ulnar nerve entrapment, is a common cause for pain and sensory and 
motor loss in the ulnar region and for paresthesias in the ulnar aspect of the arm and hand. 
Systemic diseases such as end-stage renal disease may be involved; extrinsic causes such as 
ganglion cysts or external pressure are common as well. The clinician should explore with the 
patient any activities in which the ulnar nerve may be compressed (such as resting the elbow on 
the car door while driving). Electromyography (EMG) is useful for differentiating the level of 
the ulnar nerve lesion (cubital tunnel, wrist, thoracic outlet, cervical disk), assessing the severity, 
and determining the need for surgery. Treatment is avoidance of any pressure to the area, 
NSAIDs, and surgical decompression when severe. 
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Wrist and Hand Pain 


e Fractures 
e Carpal Tunnel Syndrome 
e Other Causes of Wrist Pain 


PreviousNext 


Fractures 


The scaphoid bone is the pivotal bone for the wrist and is the carpal bone most vulnerable to 
fractures, particularly when the hand is used to break a fall. The lunate is the next most likely to 
fracture. If there is any history of a fall, plain film radiography is required. Clinicians often miss 
injury to the hook of the hamate, which is prone to fracture during the downstroke of a golf 
swing upon striking the ground. 
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Carpal Tunnel Syndrome 


The prevalence of carpal tunnel syndrome is 1% to 3% in the general population and up to 15% 
in workers in certain industries (manufacturing, use of tools that vibrate). It is still uncertain 
whether computer use contributes to carpal tunnel syndrome. Previous wrist fracture predisposes 
to carpal tunnel syndrome, as do pregnancy and certain systemic disorders, including rheumatoid 
and osteoarthritis, renal failure, diabetes mellitus, hypothyroidism, and obesity. Symptoms 
include aching wrist pain with sparing of the palm, numbness and tingling in the median nerve 
sensory distribution of the fingers, and weakness of the thenar muscles. 


On sensory examination, the median nerve territory should be assessed for hypalgesia. 
Abduction weakness in the thumb is tested by placing the patient’s hand open on a table, with the 
dorsal surface down. The patient is instructed to raise his or her thumb perpendicular to the palm 
as the examiner applies downward pressure on the distal phalanx. Notably, the Phalen (LR+ = 
1.3) and Tinel (LR+ = 1.4) signs have limited ability to discriminate carpal tunnel syndrome 
from other causes of hand dysesthesia. An EMG study is useful when the diagnosis is uncertain, 
when a patient is not responding to therapy, or when surgery is under consideration. EMG is 
85% sensitive and 95% specific in diagnosing carpal tunnel syndrome. 


Initial treatment of carpal tunnel syndrome should be conservative. Although most guidelines 
emphasize noninvasive therapies before invasive treatment for mild to moderate carpal tunnel 
syndrome, there is not sufficient evidence to show whether drug or nondrug modalities are more 
effective, which should be tried first, or whether a combination of therapeutic approaches would 
be more useful. Although NSAIDs are recommended and widely used as the initial drug therapy, 
there is no strong evidence that they are useful. Splinting, yoga, ultrasonic treatment, and carpal 
tunnel mobilization exercises are also beneficial. Oral corticosteroid therapy has shown short- 
term, but not long-term, benefits. Similarly, corticosteroid injections may provide short-term 
(first month) relief but do not improve the long-term outcome compared with NSAIDs and 
splinting. Patients with symptoms for more than 1 year are less likely to receive benefit from 
corticosteroid injection. Carpal tunnel release surgery is indicated for severe carpal tunnel 
syndrome (by clinical or EMG evidence) and has an excellent outcome in more than 90% of 
patients. 
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Other Causes of Wrist Pain 


Ulnar nerve compression at the wrist is also called Guyon tunnel syndrome, because the 
entrapment occurs where the ulnar nerve transverses the Guyon tunnel between the pisiform and 
hamate bones on the anterolateral side of the wrist, and cyclist’s palsy, because the compression 
of the ulnar nerve often occurs as the hand rests on the handlebars. However, the ulnar nerve can 
be compressed by muscles, tumors (lipomas), scar tissue, synovial cysts, or any other internal 
structure that passes close to the tunnel. The presentation is similar to that of carpal tunnel 
syndrome, but with symptoms and signs on the ulnar distribution of the hand. The workup and 
treatment are also similar to those of carpal tunnel syndrome. 


De Quervain tenosynovitis is an exercise-related injury associated with knitting, and sports 
involving extensive wrist action. Tenderness may be elicited in the anatomic snuffbox (the 
extensor pollicis brevis and abductor pollicis longus tendons). Pain elicited by flexing the thumb 
into the palm, closing the fingers over the thumb, and then bending the wrist in the ulnar 
direction (Finkelstein test) is confirmatory. Conservative treatment measures (splinting the 
thumb, ice, NSAIDs) or injection of corticosteroid into the snuffbox is usually effective. 


Ganglion cysts are synovia-filled cysts arising from joints or tendon sheaths that typically appear 
on the dorsal hand or ventral wrist. They can cause pain and compress other structures. They 
transilluminate because of the clear fluid. These may be aspirated, and corticosteroid injection 
into the collapsed cyst may prevent recurrence. Surgical correction is often required. 
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Hip Pain 


Hip pain may be indicative of hip joint pathology but may also be referred from the pelvis, intra- 
abdomen, or retroperitoneum. True hip pain usually presents as groin pain. Weight bearing 
increases pain originating from the hip joint. Bursal pain is typically situated laterally or 
posteriorly and is worse when lying on the affected bursa. Thigh pain, buttock pain, and pain 
radiating below the knee are more often attributable to disorders of the lumbar spine. Pain that 
has a paresthesia quality (burning, numbness, or an electric shock sensation) may indicate a 
nerve entrapment syndrome. A history of hip surgery, corticosteroid injections, collagen vascular 
disease, or malignancy may suggest important causes of hip pain. In patients with a history of 
prostate, breast, lung, thyroid, or kidney cancer, a diagnosis of metastatic disease should always 
be considered. Occupational and recreational activities are also important considerations in 
patients with hip pain, particularly with a history of trauma. 
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Diagnosis and Evaluation 


Patients should be asked to point with one finger to the place where the pain is the greatest. Poor 
localization may be a sign of referred pain. The FABER test assesses the ability to Flex, ABduct, 
and Externally Rotate the hip (Figure 12). If there is pain in the sacroiliac joint with the FABER 
test but no pain with passive range of motion of the hip, sacroiliac joint pathology is likely. 


Plain film radiography is used to rule out a fracture and may provide evidence of osteoarthritis in 
the hip joints, with osteophytes and joint space narrowing with weight bearing. An MRI is able 
to determine signs of osteonecrosis or an occult fracture. A bone scan may be useful if an MRI is 
contraindicated. 


Figure 12. FABER test. 


The FABER test assesses flexion, abduction, and external rotation of the hip. With the leg in a 
figure-four position, the normal leg should attain a parallel plane with the table. Gentle 
downward pressure on the knee in this position simultaneously places stress on the ipsilateral 
sacroiliac joint. 


Reproduced with permission from Davis MF, Davis PF, Ross DS. ACP Expert Guide to Sports 
Medicine. Philadelphia, PA: American College of Physicians, 2005:360. Copyright 2009, 
American College of Physicians. 
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Specific Causes of Hip Pain 


Meralgia paresthetica is a nerve entrapment syndrome of the lateral cutaneous nerve of the 
anterior thigh typified by pain and burning. The nerve runs under the inguinal ligament and may 
be compressed by obesity or tight clothing or belts. Diabetes mellitus may predispose to this 
condition. The diagnosis is clinical, with decreased sensation in the skin of the distal lateral 
thigh. The treatment is conservative: treatment of the diabetes (if present), weight loss, and 
looser clothing. 


Piriformis syndrome is a sciatic nerve compression neuropathy that causes chronic posterior 
pain. The piriformis muscle overlies the sciatic notch where the nerve exits the sacrum. It occurs 
in persons who are subject to prolonged sitting, such as truck drivers. An EMG can determine the 
level of the neuropathy (nerve root compression versus more distal sciatic nerve compression) 
and whether the piriformis muscle is contributory. Stretching exercises and NSAIDs are the 
initial treatment, but a surgical release may be needed. 


Osteonecrosis is most often found when already advanced. Risk factors (corticosteroid use, 
sickle cell anemia) may provide a clue for early identification. Diagnosis is made with MRI 
(early) or plain radiography (late). Other than pain control, the optimal treatment for 
osteonecrosis is unclear; specialty referral is almost always indicated. 


The trochanteric bursa lies directly over the greater trochanter, making it amenable to 
examination as well as injection. Trochanteric bursitis can be confirmed in patients in whom hip 
adduction intensifies the pain or in those in whom the examination reveals pain and tenderness 
over the bursa. Relief of pain with lidocaine injection into the bursa can be diagnostic. Heat and 
stretching exercises are commonly prescribed as initial therapy for acute trochanteric bursitis. 
Corticosteroid injection may provide prolonged relief when conservative measures fail. On rare 
occasions, the bursa must be removed surgically to provide relief. 


Rectus femoris strains, hamstring strains, and adductor tendinopathies are more likely to occur in 
athletes. In minor strains, the extremity may be relatively painless with passive range of motion 
but painful with resisted muscle contraction. In complete tears, there may be evidence of frank 
hemorrhage (purpura) around the tear and a painful, tender muscle throughout the length of the 
thigh. Treatment depends on the severity. A minor strain may need only rest (sometimes 
prolonged), NSAIDs, and rehabilitation. Tears require surgical management. 


Labral tears, which may be associated with running activities, are regarded as an early stage of 
hip osteoarthritis and can be identified on MRI. Surgical correction may be required if 
conservative therapy (rest, NSAIDs) is not effective. The management of osteoarthritis is 
addressed in MKSAP 15 Rheumatology. 
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Knee Pain 


Osteoarthritis is, by far, the most common cause of chronic knee pain in older persons. Acute 
knee pain may be due to trauma, overuse syndromes, inflammation (crystalline arthritis, 
rheumatoid arthritis), or infection (Table 27). The knee is the most commonly infected joint, and 
septic arthritis must be considered in all patients with unilateral knee pain. Underlying chronic 
diseases, such as osteoarthritis or a systemic rheumatologic disorder, can also be associated with 
an acute presentation of knee pain. Referred hip pain or L5-S1 root radiculopathy can cause knee 
pain; in these patients, the results of the knee examination will be normal. This section will focus 
on common mechanical causes of knee pain that are associated with trauma, soft tissue 
inflammation, and overuse syndromes. 


In chronic pain syndromes, such as osteoarthritis and rheumatoid arthritis, radiographs are 


unlikely to alter management. If an effusion is present (2.4% of patients with acute knee pain), 
arthrocentesis may be warranted to rule out crystalline or infectious causes. 


Table 27. Initial Approach for Work-up of Acute Knee Pain 


Question Action 


Ottawa Decision Rules: Has there been a recent injury Plain films 

and at least one of the following predictors of 

fracture? 

e Age >55y 

e Tenderness at the head of the fibula or isolated to 

the patella 

e Inability to bear weight for at least four steps of 

walking 

e Inability to flex knee to at least 90 degrees 

Is there an effusion? Arthrocentesis (especially to rule out 
infectious or crystalline arthritis) 


Does the physical examination suggest meniscal or Orthopedic referral (for examination and 
ligamentous injury or history of locking or give-way decision on need for MRI or arthroscopy) 
sensation? 


Adapted with permission from Jackson JL, O’ Malley PG, Kroenke K. Evaluation of acute knee 
pain in primary care. Ann Intern Med. 2003;139(7):575-88. [PMID: 14530229] Copyright 2003, 
American College of Physicians. 
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Trauma 


Trauma may result in a fracture or ligament tear, which produces a noticeable “popping” 
sensation in 50% of patients. Typically, a large effusion collects rapidly. Anterior cruciate 
ligament tears occur with sudden twisting and hyperextension injuries, collateral ligament tears 
occur with medial or lateral force without twisting, and posterior cruciate ligament tears occur 
with trauma to a flexed knee. Only 10% of knee radiographs ordered for acute knee pain 
demonstrate a fracture; therefore, candidates for knee radiography must be carefully selected. 
The Ottawa Decision Rules are nearly 100% sensitive for fracture following a fall, and 
radiography should not be ordered unless these criteria are met. 


When the history suggests meniscal or ligamentous injury (the knee locking or giving way), 
several physical examination maneuvers have a high degree of specificity for identifying these 
injuries (Figure 13). An audible or palpable snap on the McMurray test has a 97% specificity for 
meniscal damage. The Lachman test is 87% sensitive and 93% specific for anterior cruciate 
ligamentous injury. If a meniscal or ligamentous injury is suspected based on the physical 
examination, the patient should be referred to an orthopedic surgeon. The decision to order an 
MRI should generally be made by a specialist, rather than by the internist prior to referral. 
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Figure 13. Common knee maneuvers for assessing possible 
ligamentous and meniscal damage. 


(Top left) Anterior drawer test (anterior cruciate ligament): Place patient supine, flex the hip to 
45 degrees and the knee to 90 degrees. Sit on the dorsum of the foot, wrap your hands around the 
hamstrings (ensuring that these muscles are relaxed), then pull and push the proximal part of the 
leg, testing the movement of the tibia on the femur. Do these maneuvers in three positions of 
tibial rotation: neutral, 30 degrees externally, and 30 degrees internally rotated. A normal test 
result is no more than 6 to 8 mm of laxity. (Top right) Lachman test (anterior cruciate ligament): 
Place patient supine on examining table, leg at the examiner’s side, slightly externally rotated 
and flexed (20-30 degrees). Stabilize the femur with one hand and apply pressure to the back of 
the knee with the other hand with the thumb of the hand exerting pressure placed on the joint 
line. A positive test result is movement of the knee with a soft or mushy end point. (Bottom left) 
Pivot test (anterior cruciate ligament): Fully extend the knee, rotate the foot internally. Apply a 
valgus stress while progressively flexing the knee, watching and feeling for translation of the 
tibia on the femur. (Bottom right) McMurray test (meniscus): Flex the hip and knee maximally. 
Apply a valgus (abduction) force to the knee while externally rotating the foot and passively 
extending the knee. An audible or palpable snap during extension suggests a tear of the medial 


meniscus. For the lateral meniscus, apply a varus (adduction) stress during internal rotation of 
the foot and passive extension of the knee. 


Reproduced with permission from Jackson JL, O’ Malley PG, Kroenke K. Evaluation of acute 
knee pain in primary care. Ann Intern Med. 2003;139(7):580. [PMID: 14530229] Copyright 
2009, American College of Physicians. 
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Patellofemoral Syndrome 


The most common cause of knee pain in patients younger than 45 years, especially in women, is 
the patellofemoral syndrome. The pain is peripatellar and exacerbated by overuse (such as 
running), descending stairs, or prolonged sitting. Diagnosis is confirmed by firmly compressing 
the patella against the femur and moving it up and down along the groove of the femur, 
reproducing pain or crepitation. The condition is self-limited; NSAIDs and minimizing high- 
impact activity improve symptoms. 
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Bursitis 


Bursitis, which may result from either trauma or overuse, is characterized by local tenderness 
and burning pain. The pes anserine bursa is palpated on the medial side of the knee, 
approximately 6 cm below the joint line and at about the same level as the tibial tuberosity. Pes 
anserine bursitis cause medial pain that worsens with activity and at night. The prepatellar bursa 
sits directly over the patella; prepatellar bursitis is associated with anterior knee pain and 
swelling anterior to the patella and is often caused by trauma or repetitive kneeling. The 
suprapatellar bursa sits directly under the distal portion of the gastrocnemius muscle; 
suprapatellar bursitis can be confused with the pain associated with chondromalacia of the 
patella, given that the location of the pain is in the same general area. However, suprapatellar 
bursitis is very tender when the examiner presses above the patella on a passively extended leg. 
Treatment of knee bursitis may include rest, ice, NSAIDs, and corticosteroid injections. 
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Iliotibial Band Syndrome 


Iliotibial band syndrome is a common cause of knife-like lateral knee pain that occurs with 
vigorous flexion-extension activities of the knee, such as running. It is treated conservatively 
with rest and stretching exercises. 
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Baker Cyst 


In the popliteal fossa, Baker cysts can form from synovia because of arthritis or torn cartilage. A 
Baker cyst can be painful if it ruptures. Ultrasonography is useful for diagnosing a ruptured 
Baker cyst, as it may be confused with a deep venous thrombosis. 
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Ankle and Foot Pain 


Ankle Sprain 
Hind Foot Pain 


Midfoot Pain 
Forefoot Pain 
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Ankle Sprain 


Eighty-five percent of ankle injuries are from inversion sprains. Grade I sprains have no 
evidence of ligamentous tear and carry an excellent prognosis. Grade II sprains involve partial 
tears and are accompanied by moderate pain and disability and some difficulty bearing weight. 
Grade III sprains involve complete rupture of ligaments with an inability to bear weight. 
Although the inability to bear weight is common with severe sprains, it also raises the suspicion 
of a fracture. Pain in other locations along with the ankle also raises the possibility of fracture. 
The age of the patient is important in assessment of ankle injuries because an epiphyseal injury 
may occur in younger bones. 


Examination of an injured ankle begins with noting any petechiae or ecchymoses around the 
joint (suggesting bleeding in the region of a torn ligament) and any swelling or obvious 
deformity. Pain elicited by the “squeeze test” (squeezing the tibia and fibula together at the distal 
calf) indicates rupture of the syndesmotic ligaments joining the two bones at their distal ends. A 
normal gait rules out fracture or severe sprain. The Ottawa ankle and foot rules (Figure 14) are a 
highly sensitive means of selecting appropriate patients for radiography. If a patient has none of 
the indications for radiography, the negative likelihood ratio of fracture is 0.08. 


Conservative treatment is recommended for ankle sprains. The Institute for Clinical Systems 
Improvement has developed an evidence-based guideline using the acronym PRICE: Protect 
against further injury with support; Rest and avoid activities that can exacerbate the injury; and 
control swelling by applying Ice, applying Compression, and Elevating the injured limb. 


Evidence regarding the efficacy of a surgical versus a conservative approach to ligament tears is 
inconclusive. 
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Figure 14. Ottawa ankle and foot rules. 


An ankle radiographic series is indicated if a patient has pain in the malleolar zone and any of 
these findings: bone tenderness at A, bone tenderness at B, or inability to bear weight 
immediately and in the emergency department (or physician’s office). A foot radiographic series 
is indicated if a patient has pain in the midfoot zone and any of these findings: bone tenderness at 
C, bone tenderness at D, or inability to bear weight immediately and in the emergency 
department (or physician’s office). 


Reproduced with permission from Davis MF, Davis PF, Ross DS. ACP Expert Guide to Sports 
Medicine. Philadelphia, PA: American College of Physicians, 2005:404. Copyright 2009, 
American College of Physicians. 
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Hind Foot Pain 


Plantar fasciitis is the most common cause of heel pain and is a major source of concern for 
runners. Symptoms are worse in the mornings. Diagnosis is based on demonstrating palpable 
tenderness at the anterior base of the calcaneus. Pain that is more posterior on the calcaneus may 
indicate a calcaneal stress fracture. The windlass test looks for pain in the plantar fascia by 
simulating the motion of a step. With the patient’s foot in a weight-bearing position, the toes are 
dorsiflexed by the examiner, maximally stretching the plantar fascia. When the windlass test 


produces the foot pain, the diagnosis is almost certainly plantar fasciitis. Radiography adds little 
to the evaluation for plantar fasciitis (15% of foot radiographs for heel pain find a heel spur that 
is unrelated to the pain) unless alternative sources for the pain are being sought. 


Conservative treatment of plantar fasciitis includes arch supports, ice after exercise, morning 
massage, fascia stretching (rolling the foot over a tennis ball while sitting), and orthotic devices, 
although most patients improve eventually regardless of the therapy. Corticosteroid injection has 
been used with some efficacy; however, rupture of the plantar fascia may occur after injection in 
a small number (7%) of patients. 


Fat pad syndrome is a condition seen in older runners in which the natural fat pad overlying the 
calcaneus becomes thinned. Pain increases with prolonged exercise, distinguishing it from 
plantar fasciitis. Shoe inserts may cushion the impact of the foot. 


Achilles tendinitis presents with tenderness in runners. NSAIDs and rest are the first-line 
treatment. Achilles tendinitis usually resolves with conservative treatment within 2 weeks. 
Corticosteroid injections should be avoided so as not to precipitate Achilles tendon rupture. 


Fluoroquinolone antibiotics may also precipitate Achilles tendon ruptures, probably by 
potentiating the production of matrix metalloproteinases in tendons. While it is unusual for this 
tendon to rupture without heavy exertional stress, patients on corticosteroids and those who have 
been on fluoroquinolones can rupture an Achilles tendon with no more than low-level walking. 
Patients who undergo percutaneous surgical repair have less chance of re-rupture than patients 
with nonoperative treatment. However, in patients at higher surgical risks, a nonoperative 
approach with a cast or a functional brace is reasonable. 
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Midfoot Pain 


The tarsal tunnel syndrome is a nerve entrapment condition that causes foot pain and 
paresthesias. Stretching the posterior tibial nerve by dorsiflexion of the toes and simultaneous 
eversion of the foot may replicate the pain. Treatment measures are similar to those for carpal 
tunnel syndrome. 


Tarsal and metatarsal bone fractures are rare, but do occur in high-impact sports. They require a 
high index of suspicion to diagnose and should be considered when presumed diagnoses are not 
responding to standard therapies. 
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Forefoot Pain 


Metatarsalgia is a painful condition, more frequent in athletes, in which the distal head of the 
metatarsal is tender and painful. It may be caused by poorly fitting footwear and usually 
responds to improved shoeware. 


Morton neuroma is an entrapment syndrome of the interdigital nerve, characterized by 
tenderness between the third and fourth metatarsals. Unilateral presentation is most common in 
patients with this condition, and women, usually in their fifth decade, are affected more often 
than men. Lateral compression of the forefoot can reproduce symptoms. Wider shoes and 
corticosteroid injection may help, but severe cases may only respond to surgery. 
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Hyperlipidemia 


Screening for Lipid Disorders 
Evaluation of Lipid Levels 


Management of Dyslipidemias 


Key Points 


Dietary intervention is always indicated for patients with dyslipidemia, with total fat 
limited to 25% to 35% of total calories and saturated fat to less than 7% of total calories. 
LDL cholesterol—lowering therapy is twice as effective for secondary prevention of 
cardiovascular disease compared with primary prevention. 

Statins are usually well tolerated but may cause myositis or rhabdomyolysis in elderly 
patients, those with comorbid illnesses, or those taking certain other medications, 
including fibrates and nicotinic acid. 

If initial therapy to lower LDL cholesterol fails to achieve lipid goals, combination 
therapy using moderate doses of statins and another drug is an alternative option to using 
maximum doses of statins. 

Treatment for hypertriglyceridemia is indicated for patients with non—HDL cholesterol 
that is 30 mg/dL (0.78 mmol/L) above the patient’s LDL cholesterol goal or with a 
triglyceride level above 500 mg/dL (5.65 mmol/L). 

Pharmacologic treatment for low HDL cholesterol is only indicated for patients with 
established coronary artery disease. 

Treating the elderly for hyperlipidemia requires an individualized approach; both primary 
and secondary prevention of cardiovascular disease should be considered in those with 
reasonable life expectancy and few comorbid illnesses. 
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Screening for Lipid Disorders 


The standard screening test for lipid disorders is a lipid panel obtained after a 12-hour fast. 
Abnormal results are interpreted according to the number of risk factors present in the patient 
(see Routine Care of the Healthy Patient). Two samples should be obtained at least 1 week apart 
before making treatment decisions. 
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Evaluation of Lipid Levels 


LDL Cholesterol 


Triglycerides 
HDL Cholesterol 


Nonstandard Lipid Risk Factors 
Metabolic Syndrome 
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LDL Cholesterol 


Dyslipidemia (hyperlipidemia and/or low HDL cholesterol) is diagnosed when there are one or 
more lipid abnormalities found on a whole blood lipid panel after a 12-hour fast. Although a total 
cholesterol level above 200 mg/dL (5.18 mmol/L) is considered abnormal, therapy is targeted at 
the individual components of total cholesterol. 


LDL cholesterol is the major atherogenic lipoprotein and is the primary target for therapy. 
Elevations are primarily related to dietary and genetic factors. Secondary causes include 
hypothyroidism, obstructive liver disease, nephrotic syndrome, estrogen use, antipsychotic 
medications, and protease inhibitors (used to treat HIV disease). Individual LDL cholesterol 
goals are determined by the presence or absence of five major risk factors (Table 28). LDL 
cholesterol goals and therapy are provided in Table 29. The Adult Treatment Panel of the 
National Cholesterol Education Program (ATP II) recommends that patients with two or more 
risk factors whose LDL cholesterol is above 130 mg/dL (3.37 mmol/L) should be further 
stratified using the Framingham risk equation, which predicts the 10-year absolute risk of a 
major cardiovascular event, to determine treatment goals and options. (See 
http://hp2010-nhlbihin.net/atpiii/calculator.asp?usertype=prof for an on-line Framingham risk 
calculator.) For patients at greatest risk (those with at least two major risk factors, such as 
coronary artery disease [CAD] and smoking, or CAD and diabetes mellitus), achieving an LDL 
cholesterol of less than 70 mg/dL (1.81 mmol/L) is considered an optional goal. Total 
cholesterol/HDL cholesterol ratio is a predictor of CAD risk but should not replace LDL 
cholesterol as the primary target of therapy. 


Table 28. Major Risk Factors (Exclusive of LDL 
Cholesterol) Used To Individualize LDL Cholesterol Goals 


Cigarette smoking 

Hypertension (blood pressure >140/90 mm Hg or taking antihypertensive medication) 
Older age (men >45 y; women >55 y) 

Low HDL cholesterol (<40 mg/dL [1.04 mmol/L])* 


Elder (family) history of premature coronary artery disease (male first-degree relative age <55 y; 
female first-degree relative age <65 y) 


“HDL cholesterol >60 mg/dL (1.55 mmol/L) is a “negative” risk factor. This removes one risk 
factor from the total count. 


Data from the National Heart Lung and Blood Institute. National Cholesterol Education 
Program. Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment Panel III): Executive Summary. 
www.nhlbi.nih.gov/guidelines/cholesterol/atp_iti-htm. Published May 2001. Accessed July 14, 
2009. 


Table 29. Adult Treatment Panel III Recommendations for 
LDL Cholesterol Level Management 


Risk Category LDL Cholesterol Goal Initiate TLC Consider Drug Therapy* 
High risk: CAD or CAD <100 mg/dL (2.59 >100 mg/dL =130 mg/dL (3.37 mmol/L) 
equivalents” (10-year mmol/L) (optional goal: (2.59 100 to 129 mg/dL (2.59 to 
risk >20%) <70 mg/dL [1.81 mmol/L) 3.34 mmol/L): drug 

mmol/L])° optional? 
Moderately high risk: >2 <130 mg/dL (3.37 >130 mg/dL >130 mg/dL (3.37 mmol/L) 
risk factors (10-year risk mmol/L) (3.37 
10% to 20%) mmol/L) 
Moderate risk: >2 risk <130 mg/dL (3.37 >130 mg/dL >160 mg/dL (4.14 mmol/L) 
factors (10-year risk mmol/L) (3.37 
<10%) mmol/L) 
Lower risk: 0 to 1 risk <160 mg/dL (4.14 >160 mg/dL =190 mg/dL (4.92 mmol/L) 
factor mmol/L) (4.14 160 to 189 mg/dL (4.14 to 


mmol/L) 4.90 mmol/L): drug optional 


CAD = coronary artery disease; TLC = therapeutic lifestyle changes. 


“When LDL cholesterol—lowering drug therapy is employed, intensity of therapy should be 
sufficient to achieve at least a 30% to 40% reduction in LDL cholesterol levels. 


°CAD risk equivalents include peripheral arterial disease, abdominal aortic aneurysm, carotid 
artery disease, transient ischemic attacks or stroke of carotid origin or 50% obstruction of a 
carotid artery, diabetes, and 10-year risk for CAD >20%. 


“ATP III Update 2004: Implications of recent clinical trials for the ATP III Guidelines. Available 
at www.nhlbi-nih.gov/guidelines/cholesterol/atp3upd04.htm. 


"Tf a high-risk person has high triglycerides or low HDL cholesterol, combining a fibrate or 
nicotinic acid with an LDL cholesterol—lowering drug can be considered. 


Data from the National Heart Lung and Blood Institute. National Cholesterol Education 
Program. Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment Panel III): Executive Summary. 
www.nhlbi.nih.gov/guidelines/cholesterol/atp_iti-htm. Published May 2001. Accessed July 14, 
2009. 


PreviousNext 


Triglycerides 


Hypertriglyceridemia is usually related to obesity and physical inactivity but also can be due to 
genetic factors, high carbohydrate intake, type 2 diabetes, renal disease, alcohol abuse, and 
certain drugs (corticosteroids, B-blockers, estrogens, protease inhibitors). Hypertriglyceridemia is 
a predictor of development of CAD but not after adjustment for LDL or HDL cholesterol 
subfractions. 


Determining goal triglyceride level is an indirect process based on non—HDL cholesterol level 
(total cholesterol minus HDL cholesterol). This value, which comprises very-low-density 
lipoprotein (VLDL) and LDL cholesterol levels, is a good estimate of the level of atherogenic 
lipid particles and is a better estimate of CAD risk than LDL cholesterol alone. The non-HDL 
cholesterol goal equals the patient’s LDL cholesterol goal plus 30 mg/dL (0.78 mmol/L) 
(accounting for a top-normal VLDL cholesterol of 30 mg/dL [0.78 mmol/L]). The ATP II 
recommends treatment of moderate triglyceride elevation (200-499 mg/dL [2.26-5.64 mmol/L]) 
only if non—HDL cholesterol is elevated. An alternative approach in patients with a family 
history of premature CAD is to obtain specialized lipoprotein testing to detect genetic disorders 
associated with hypertriglyceridemia and increased risk of CAD. 
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HDL Cholesterol 


HDL cholesterol level is inversely related to cardiovascular risk. The increased risk associated 
with low HDL cholesterol (<40 mg/dL [1.04 mmol/L]) appears to persist somewhat even at very 
low levels of LDL cholesterol. Factors contributing to low HDL cholesterol are physical 
inactivity, obesity, cigarette smoking, type 2 diabetes, renal failure, high triglyceride level, high 
carbohydrate intake, thiazide diuretics, B-blockers without intrinsic sympathetic activity 
(propanolol and most others), progestational agents, and anabolic steroids. (The effect of thiazide 
diuretics and B-blockers on lipids may have limited significance, and overall benefits of using 
these drugs likely exceed harms.) Genetic factors account for about half of the variability in HDL 
cholesterol levels. 


Because of insufficient evidence of risk reduction from controlled trials, ATP III has not set a 
specific goal for raising HDL cholesterol. ATP III guidelines emphasize LDL cholesterol as the 
primary therapeutic target and non—HDL cholesterol as a secondary therapeutic target. The 
approach to low HDL cholesterol is discussed in the management section. 
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Nonstandard Lipid Risk Factors 


Measurement of nonstandard risk factors, such as lipoprotein(a) and lipid particle size, is 
discussed in MKSAP 15 Cardiovascular Medicine. The vertical auto profile (VAP) test is 
available at some commercial laboratories and includes common lipid panel values as well as 
non—HDL cholesterol, lipoprotein(a), intermediate-density lipoprotein (IDL), LDL particle size 
pattern, and remnant lipoproteins. Neither the VAP test nor other newer lipid tests can currently 
be recommended for routine practice. 
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Metabolic Syndrome 


Even if standard lipid measurements are normal, patients should be evaluated for the metabolic 
syndrome (Table 30) because of the additional risk it confers for adverse cardiovascular 
outcomes at any level of LDL cholesterol. 


ATP III recommends that metabolic syndrome be considered a secondary target for risk 
reduction therapy after LDL cholesterol is evaluated and managed as a primary target. Any 
person at high risk or moderately high risk who has lifestyle-related risk factors such as the 
metabolic syndrome is a candidate for therapeutic lifestyle changes to modify these risk factors 
regardless of LDL cholesterol level. However, it is not clear whether the metabolic syndrome in 
itself confers an independent risk beyond that associated with the specific individual risk factors 
that comprise this syndrome. 


Table 30. Criteria for Metabolic Syndrome 


Any Three of the Following: 


Risk Factor Defining Level 
Abdominal obesity (waist >40 in (>102 cm) in men; >35 in (>88 cm) in women 
circumference) 
Triglycerides* >150 mg/dL (1.70 mmol/L) 
HDL cholesterol <40 mg/dL in men (1.04 mmol/L); <50 mg/dL (1.30 
mmol/L) in women 
Blood pressure >130/285 mm Hg 
Fasting glucose >110 mg/dL (6.11 mmol/L) 


“Triglycerides >150 mg/dL (1.70 mmol/L) as a single factor correlates highly with presence of 
metabolic syndrome. 


Data from the National Heart Lung and Blood Institute. National Cholesterol Education 
Program. Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High 


Blood Cholesterol in Adults (Adult Treatment Panel III): Executive Summary. 
www.nhlbi.nih.gov/guidelines/cholesterol/atp_iii-htm. Published May 2001. Accessed July 14, 
2009. 
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Management of Dyslipidemias 
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Stroke Prevention 


Hyperlipidemia in Special Populations 
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Therapeutic Lifestyle Changes 


Dietary modification is always indicated in patients with dyslipidemia and can be the only 
therapeutic regimen when lipid values are near goal. When medication is indicated, dietary 
modification should be continued, because drugs used for dyslipidemia are less effective with an 
unrestricted diet. Total fat should be restricted to 25% to 35% of total calories, and saturated fat 
should be restricted to less than 7% of total calories, or about 15 g of saturated fat daily. 
Replacement of saturated fat with monounsaturated and polyunsaturated fats or complex 
carbohydrates results in less of a decrease in HDL cholesterol compared with replacement by 
simple sugars. In patients with hypertriglyceridemia, carbohydrate restriction is indicated. 


Plant stanol and sterol esters are naturally occurring substances that are chemically similar to 
cholesterol and compete with cholesterol for uptake in the gastrointestinal tract. ATP II 
recommends increasing intake of stanols and sterols as a therapeutic option for lowering LDL 
cholesterol. Sterol esters can be found in small quantities in fruits, vegetables, nuts, seeds, 
cereals, and legumes, but in order to achieve the recommended 2 g per day, supplemental dietary 
sources (plant sterol table spreads) are recommended. ATP III also recommends increased intake 
of viscous (soluble) fiber (10-25 g/d), found in psyllium seeds, barley, oatmeal, and oat bran. 
Some studies show a reduction in cardiovascular risk with foods containing flavonoids 
(including cocoa and chocolate), but total caloric intake should not be increased. Neither 
supplemental vitamins (E, C, B6, B12, b-carotene) nor alternative therapies (such as garlic) have 


proved effective. Weight loss can decrease the triglyceride level by 22% and increase HDL 
cholesterol by 9%. Even moderate weight loss is helpful. Exercise (4 hours per week, moderate 
intensity) improves cardiovascular fitness and results in increased HDL cholesterol and 
decreased triglyceride levels. 
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Statin Therapy 


e Principles of Therapy 
e Adverse Effects 
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Principles of Therapy 


Statins are the most effective drugs for lowering LDL cholesterol and can lower LDL cholesterol 
by 18% to 55% (Table 31). All statins are effective, and differences in potency can be equalized 
by using recommended doses. In addition to lowering LDL cholesterol, statins improve 
endothelial function and have anti-inflammatory and plaque-stabilizing (pleiotropic) effects. 


In patients without known CAD (primary prevention), treatment of elevated LDL cholesterol 
with statins has been shown to decrease major coronary events, with a trend toward decreased 
mortality. A long-term follow-up study of one of the major primary prevention trials (West of 
Scotland Coronary Prevention Study) showed that the benefit of reduced cardiac events persisted 
for 10 years after the trial. 


The greatest impact of LDL cholesterol—lowering therapy is in patients with CAD or CAD- 
equivalent disease (secondary prevention), including diabetes. In one trial, high-dose statin 
therapy was more effective than moderate-dose therapy in reducing major cardiovascular events 
in patients with stable CAD, but this result was not seen in another trial among patients with 
previous myocardial infarction. LDL cholesterol—lowering therapy is associated with coronary 
lesion regression in patients with high LDL cholesterol (170-190 mg/dL [4.40-4.92 mmol/L]) 
who achieve 30% to 40% lower LDL cholesterol values with medication. 


The ATP III update on recent clinical trials recommends that patients with diabetes and CAD be 
treated with statins regardless of LDL cholesterol level. In a meta-analysis, the number-needed- 
to-treat (NNT) to achieve benefit in this group was approximately 14 for a trial average of 
approximately 5 years. Treatment in persons with diabetes but without CAD results in about half 
that benefit and is recommended for those with concomitant risk factors (age >55 years, 
hypertension, smoking, left ventricular hypertrophy, history of stroke, peripheral vascular 
disease). The ATP II recommends achieving a target LDL cholesterol level of less than 100 
mg/dL (2.59 mmol/L) for patients with diabetes who do not have CAD, whereas the American 


College of Physicians and others, noting disagreement in the literature regarding the 
effectiveness of selecting specific LDL cholesterol targets, recommend the use of moderate 
doses of statins (atorvastatin, 20 mg/d; or 40 mg/d of lovastatin, pravastatin, or simvastatin) for 
these patients regardless of LDL cholesterol level. Statins are also indicated for patients who 
have experienced an acute coronary syndrome (ACS) and should be prescribed to these patients 
before they leave the hospital. 


Referral to a lipid specialist should be considered for patients whose LDL cholesterol goals 


cannot be met using conventional therapy and for those with severe hyperlipidemia or suspected 
genetic syndromes. 


Table 31. Drugs for Treating Lipid Disorders 


Agent Effectiveness Notes 
Bile acid Lower LDL Good long-term safety record. Drugs of choice for LDL- 
binders cholesterol 12%- cholesterol lowering in children and in women with childbearing 
16% potential. Often used as second-line drug with statins because they 


act synergistically to induce LDL receptors. Do not use in patients 
with triglycerides >300 mg/dL (3.39 mmol/L) or those with 
gastrointestinal motility disorders. Bloating can occur. Can 
interfere with absorption of drugs given at the same time (less so 
with colesevelam). 


Statins Lower LDL Drugs of choice for elevated LDL cholesterol based on safety and 
cholesterol 18%- efficacy. Adverse effects include elevated liver enzymes, myalgia, 
55% and myositis. Used in combination with bile acid binders or 
ezetimibe to synergistically lower LDL cholesterol. Used in 
Raise HDL combination with niacin and fibrates in patients with combined 
cholesterol 5%- hyperlipidemia. Use cautiously in patients on fibrates owing to 
10% increased risk of myositis and do not use in women of 
childbearing age unless pregnancy is highly unlikely. Pravastatin 
Lower is least likely to cause myalgia. 
triglycerides 
15%-25% 
Fibrates Do not lower Most effective triglyceride-reducing drugs. Use with caution in 
LDL cholesterol patients with renal insufficiency or gallbladder disease. 
reliably Fenofibrate is less risky than gemfibrozil when combined with a 
statin. 
Raise HDL 


cholesterol 15% 


Lower 
triglycerides 50% 
Nicotinic Lowers LDL Most effective HDL cholesterol—raising drug. Adverse effects 
acid cholesterol 5%- include flushing, liver toxicity, nausea, glucose intolerance, gout, 
25% and elevated uric acid levels. 


Lowers 
triglycerides 
20%-50% 


Raises HDL 
cholesterol 15%- 
35% 


Ezetimibe Lowers LDL When used in combination with statins, yields an additional LDL 
cholesterol 18% cholesterol reduction of 12% (total reduction 26% to 60%), an 
increase in HDL cholesterol of 3%, and a triglyceride reduction of 
Lowers 8%, although in a study using surrogate endpoints no benefits 
triglycerides 8% were shown. Do not use in combination with resins or fibrates. 
Contraindicated in patients with active liver disease or elevated 
liver enzymes. 
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Adverse Effects 


Side effects of statins include elevated liver enzymes, myalgia, and rhabdomyolysis. Baseline 
serum creatine kinase (CK), alanine aminotransferase (ALT), and aspartate aminotransferase 
(AST) measurements should be obtained in patients initiating statin therapy. During statin 
therapy, liver enzyme abnormalities occur no more frequently than with placebo (~1%) for most 
statins. Monitoring of patients taking statins with periodic laboratory screening is recommended 
by many groups, but the American College of Physicians recommends such monitoring only in 
patients with symptoms or baseline abnormalities or who are taking other drugs concomitantly 
that increase the risk of side effects. If AST/ALT is three times the upper limit of normal, the 
statin should be discontinued and other causes of liver injury should be sought. Liver failure due 
to statins is rare, and another statin can be substituted after liver enzyme levels have returned to 
normal. 


Myalgia is common and may not be caused by statin therapy. In clinical trials, myalgia occurs no 
more often with statins than with placebo, and a substitute statin may be tried in patients with 
myalgia. If myalgia is persistent and a statin must be used, coenzyme Q10 (ubiquinone), 100 
mg/d, may be effective in resolving the symptoms. CK levels should be obtained in patients with 
myalgia to detect myopathy because progression to rhabdomyolysis, myoglobinuria, and acute 
renal failure is possible if myopathy is present. Rhabdomyolysis must be treated promptly to 
avoid renal failure. Myopathy is more likely to occur with higher doses of statins and when 
statins are used in combination with other drugs, including fibrates, nicotinic acid (niacin), 
macrolide antibiotics, some antifungal agents, and cyclosporine. Although grapefruit is a 
cytochrome P-450 inhibitor, large amounts (a quart of juice or more) would need to be consumed 
to pose a serious risk for rhabdomyolysis. 
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Combination Drug Therapy 


When LDL cholesterol goals are not met by using a statin alone, other medications can be used 
safely in combination with statins. The bile acid binders (see Table 31) lower LDL cholesterol 
another 12% to 16% when used with statins. Colesevelam is more easily administered, better 
tolerated, and interacts less with other drugs than other bile acid binders. 


Ezetimibe decreases the delivery of intestinal cholesterol to the liver and lowers LDL cholesterol 
by 18%. A combination product consisting of ezetimibe, 10 mg/d, with simvastatin lowers LDL 
cholesterol by 45% to 60%, depending on the dosage of simvastatin. However, the ENHANCE 
trial, which used carotid intimal thickness as a surrogate measure of atherosclerosis progression, 
did not show a benefit of adding ezetimibe to simvastatin, despite significant reductions in LDL 
cholesterol and C-reactive protein levels. The American College of Cardiology statement 
regarding the ENHANCE trial concluded that major decisions cannot be made on the basis of the 
trial and that ezetimibe remains a reasonable option for patients who cannot tolerate statins or do 
not reach goal with statins alone (www.acc.org/enhance.htm). Statins, ezetimibe, and bile acid 
binders can be used together. 


Other drugs can also be used to lower LDL cholesterol, particularly when multiple lipid 
components are targeted. Nicotinic acid lowers LDL cholesterol level by 5% to 25% and 
triglyceride level by 20% to 50%; it raises HDL cholesterol by 15% to 35%. A combined 
nicotinic acid and lovastatin preparation lowers LDL cholesterol and triglyceride levels by 30% 
to 42% and raises HDL cholesterol by 20% to 30%. Although these drugs yield a moderate 
reduction in cardiovascular disease when used to modify atherogenic dyslipidemia, 
recommendations for their use are based mainly on improved lipoprotein profiles and several 
indirect lines of evidence. 
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Management of Hypertriglyceridemia 


When a patient has a high triglyceride level as well as anon—HDL cholesterol value that is more 
than 30 mg/dL (0.78 mmol/L) above the LDL cholesterol goal, medication is indicated to treat 
the high triglyceride level as well as the dyslipidemia associated with it. If the LDL cholesterol is 
above goal, statins can be used to treat the dyslipidemia even if LDL cholesterol does not 
otherwise meet primary criteria for treatment. If LDL cholesterol is already at goal, treatment is 
directed at the triglyceride elevation. If triglyceride level is greater than 500 mg/dL (5.65 
mmol/L), the ATP III guidelines recommend reducing the triglyceride level regardless of non— 
HDL cholesterol level because of the potential for acute pancreatitis. 


Fibrates are most effective for reducing triglycerides and can lower triglyceride level by 50%. 
Routine monitoring for patients taking fibrates should include AST/ALT levels. When fibrates 
are used in combination with statins, rhabdomyolysis is more common than with either drug 
alone. Since fenofibrate does not raise statin levels, it is preferred over gemfibrozil for 
combination with statins. Nicotinic acid also lowers triglyceride levels. Omega-3 fatty acids can 
be used as an adjunct in lowering triglyceride levels, but studies have disagreed regarding 
mortality benefit. ATP II withholds a strong recommendation for using omega-3 fatty acids. 
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Management of Low HDL Cholesterol 


In evaluating and managing low HDL cholesterol, it is important to remember that the primary 
target of therapy is LDL cholesterol. Low HDL cholesterol (<40 mg/dL [1.04 mmol/L]) is one of 
the five major risk factors used to set the LDL cholesterol target. Once LDL cholesterol has been 
evaluated and managed, non—HDL cholesterol is evaluated as a secondary target in patients with 
elevated triglycerides (>200 mg/dL [2.26 mmol/L]). Because of insufficient evidence of risk 
reduction from controlled trials, ATP II has not set a specific goal for raising HDL cholesterol. 
In patients in whom the HDL cholesterol remains low despite use of statins and/or fibrates to 
treat high LDL or non—HDL cholesterol, low HDL cholesterol should first be treated with 
lifestyle interventions, including exercise, tobacco cessation, and weight management. Exercise 
can increase HDL cholesterol level by 1 to 4 mg/dL (0.03-0.1 mmol/L), depending on intensity 
of activity. ATP III states that fibrates, especially in combination with statins (fenofibrate is 
preferred when used with a statin because of less risk of myopathy) may have an adjunctive role 
in the treatment of patients with high triglycerides and low HDL cholesterol, particularly in 
patients with diabetes or metabolic syndrome. Nicotinic acid alone or in combination with statins 
effectively lowers LDL cholesterol and raises HDL cholesterol, and its use for CAD risk 
reduction in similar patients is supported by several clinical trials. 


There is more evidence for the use of the medication regimens listed above when low HDL 
cholesterol is present in patients who have CAD. In the VA-HIT trial, gemfibrozil reduced future 
CAD events by 24% in patients with low HDL cholesterol and a history of CAD. Some authors 
state that using nicotinic acid in similar patients is a reasonable alternative. Nicotinic acid raises 
HDL cholesterol levels 2 to 3 times more than gemfibrozil but is associated with a flushing 
sensation that limits its use in some patients. 
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Management of the Metabolic Syndrome 


In patients meeting the criteria for the metabolic syndrome (see Table 30), lifestyle 
modifications, including weight loss in overweight patients, exercise in sedentary patients, and 
salt reduction in those with elevated blood pressure, should be initiated. If these measures do not 


result in normalization of the metabolic syndrome components, drug therapy is indicated. 
Evidence-based therapies recommended by the ATP III for patients with the metabolic syndrome 
include intensified lowering of LDL cholesterol and non—HDL cholesterol, antihypertensive 
therapy, and, in patients with CAD, aspirin to treat the prothrombotic state associated with the 
metabolic syndrome. Treating hyperglycemia in patients with the metabolic syndrome has not 
been shown to reduce risk for CAD. 


A step-wise approach to diagnosing and treating lipid disorders is shown in Table 32. 


Table 32. Stepwise Evaluation and Management of 
Hyperlipidemia 


Step Action Key Features 
1 Determine lipoprotein Fasting lipid profile 
levels 
2 Identify presence of CAD: myocardial infarction, unstable angina, coronary artery 


CAD or CAD equivalent procedures, or evidence of myocardial ischemia 


CAD equivalent: diabetes mellitus, symptomatic carotid artery 
disease, peripheral arterial disease, and abdominal aortic 
aneurysm 


3 Determine presence of Cigarette smoking, hypertension (blood pressure >140/90 mm Hg 
major risk factors other or taking antihypertensive medication), older age (men >45 y; 
than LDL cholesterol women >55 y), HDL cholesterol <40 mg/dL (1.04 mmol/L), 
level family history of premature CAD 

4 If >2 risk factors (other Online risk calculator available at: 
than LDL cholesterol) _ http://hp2010.nhlbihin.net/atpiii/calculator.asp 
are present without 
CAD or CAD 
equivalent, calculate 10- 
year risk of CAD 

5 Determine risk category See Table 29 

6 Initiate TLC if LDL Dietary changes, weight management, increased physical activity 
cholesterol is above goal 

7 Add drug therapy if See Table 29 
indicated 

8 Identify and treat See Table 30 TLC (weight loss, exercise); if risk factors persist 
metabolic syndrome despite 3 months of TLC, treat hypertension, treat lipid 

abnormalities, and, in patients with CAD, prescribe aspirin to 
reduce prothrombic state 

9 Treat elevated Encourage increased physical activity and weight loss; use 
triglycerides fibrates or a nicotinic acid if drug treatment indicated 


CAD = coronary artery disease; TLC = therapeutic lifestyle changes. 


Adapted from National Cholesterol Education Program: ATP III Guidelines At-A-Glance Quick 
Desk Reference. www.nhlbi.nih.gov/guidelines/cholesterol/atglance.pdf. Published May 2001. 
Accessed July 14, 2009. 
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Management at the Extremes of Age 


Approximately two-thirds of first coronary events occur in men 65 years or older and women 75 
years or older, making the elderly an important group in which to consider therapy to reduce 
cardiovascular risk. ATP III supports the use of statins for primary prevention in the elderly 
(following the treatment goals and principles outlined in Table 29), stating that statin therapy 
beginning at age 65 years and continuing for 15 years results in a number needed to treat (NNT) 
of 10 to prevent one CAD death in patients with a 40% 10-year risk and a NNT of 42 in patients 
with a 10% 10-year risk. The largest trial evaluating treatment of the elderly, however, showed 
no benefit for primary prevention. Clinical trials have shown that secondary prevention in the 
elderly is effective. When considering therapy in the elderly, several factors, including functional 
and chronologic age, comorbid illness, social and financial circumstances, and increased risk of 
drug side effects, should be considered. Because lipid levels and Framingham scores are less 
predictive of risk in the elderly, other tests, including ankle-brachial index and resting or stress 
electrocardiograms, may be used to further stratify risk in elderly patients. 


CAD is rare in men younger than 35 years and women younger than 45 years, occurring mainly 
in those with diabetes, heavy smoking, and familial hypercholesterolemia. Screening for 
dyslipidemia in these age groups should be selective, based on the presence of cardiovascular 
risk factors. Screening is recommended for adolescents and children with CAD risk factors, a 
family history of CAD, or one parent with a total cholesterol level greater than or equal to 240 
mg/dL (6.22 mmol/L). Physical findings of familial hypercholesterolemia include xanthelasma 
and xanthoma (see MKSAP 15 Dermatology). Lipid abnormalities include a total cholesterol 
level of 350 to 500 mg/dL (9.06-12.95 mmol/L) and elevated LDL cholesterol with a normal 
triglyceride level. 
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Stroke Prevention 


Major clinical trials and meta-analyses show that lowering LDL cholesterol decreases the 
incidence of stroke in patients with CAD by 27% to 31%. The mechanism of action is likely 
related to plaque stabilization and slowing of plaque progression. The SPARCL trial showed a 


2.1% absolute reduction of stroke risk among patients with previous stroke or transient ischemic 
attack (secondary prevention) treated with 80 mg/d of atorvastatin. A worrisome side effect in 
the study was an increase in hemorrhagic stroke (NNT to prevent one stroke, 51; number needed 
to harm [NNH] to cause one hemorrhagic stroke, 110). Physicians should consider risk factors 
for hemorrhagic stroke, including older age, previous hemorrhagic stroke, chronic hypertension, 
male sex, and use of anticoagulation, before prescribing high-dose atorvastatin for stroke 
prevention. The effectiveness of statins for primary prevention of stroke has not been proved. 
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Hyperlipidemia in Special Populations 


In women with CAD or CAD-equivalent disease, statins result in a 29% risk reduction, as 
compared with a 31% risk reduction in men. The presence of diabetes mitigates lower overall 
risk in women. For primary prevention, because relatively few trials have included women, the 
estimates of benefit have been extrapolated from studies of men. 


Blacks have the highest cardiovascular mortality rate of any ethnic group in the United States; 
this is most likely secondary to the high prevalence of major risk factors in this population. 
Screening and treatment recommendations for blacks are the same as for the general population. 
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Obesity 


e Definition and Epidemiology of Obesity 


e Evaluation for Underlying Causes of Obesity 
e Treatment of Obesity 


Key Points 


e All adults should be screened for obesity by calculating BMI. 

e Mortality risk among persons with obesity is 2 to 3 times higher than for those with 
normal weight. 

e In adults with a BMI of 25 to 34.9, a waist circumference greater than 102 cm (40 in) in 
men and 88 cm (35 in) in women is associated with higher mortality risk than that 
determined by BMI alone. 

e Morbid obesity is defined as class III (BMI >40) obesity or class II (BMI 35-39.9) 
obesity in the presence of significant comorbidities caused by obesity. 

e A sustained weight loss of 5% to 15% will reduce the risk of many medical 
complications of obesity. 

e Physical activity programs without diet achieve only modest weight loss but are useful in 
maintaining lost weight and reducing abdominal fat, metabolic abnormalities, and 
cardiovascular risk. 

e Calorie restriction is effective for weight loss; however, dieting rarely causes more than 5 
kg of sustained weight loss. 

e Pharmacologic therapy with sibutramine or orlistat should be considered in obese patients 
in whom behavioral interventions have been ineffective and may result in an additional 3 
to 4 kg of weight loss. 

e Sibutramine should not be used in patients with poorly controlled or uncontrolled 
hypertension or cardiovascular disease. 

e Bariatric surgery should be considered in patients with a BMI greater than 40 and in 
those with a BMI greater than 35 who also have serious obesity-related comorbidities. 
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Definition and Epidemiology of Obesity 


Obesity in adults is a serious public health problem, with a lifetime risk exceeding 25% in the 
United States. The National Institutes of Health and the World Health Organization have 
established criteria for the diagnosis of obesity using the body mass index (BMI). The BMI is the 
patient’s weight in kilograms divided by height in meters squared. Overweight is defined as a 
BMI of 25 to 29.9 and obesity as a BMI of 30 or higher. Obesity is further divided into three 
classes: class I (BMI 30-34.9), class II (BMI 35-39.9) and class HI (BMI >40). Severe, or 
morbid, obesity is defined as class III obesity or class II obesity in the presence of significant 
comorbidities caused by obesity (Table 33). The U.S. Preventive Services Task Force 
recommends that adult patients be screened for obesity by calculating BMI. Their 
recommendation is based on the rationale that BMI calculations are a noninvasive, reliable, and 
low-cost screening tool for diagnosis and on the premise that high-intensity counseling and 
behavioral interventions may lead to improved outcomes. A calculator to compute BMI is 
available at http://diabetes.acponline.org/custom_resources/tools/bmi_calculator.html?dbp. 


Obesity is associated with an increased risk of chronic disease and overall mortality. The 
magnitude of risk generally rises with the degree of obesity. In a large cohort study of middle- 
aged patients, mortality was assessed after adjustment for chronic disease and smoking. The 
mortality risk among overweight patients was 20% to 40% higher and the risk among obese 
patients was 200% to 300% higher than those with a normal BMI. When obesity is diagnosed, 
the patient should be screened and treated for the obesity-related health problems listed in Table 
33. 


The distribution of adipose tissue is important when assessing health risks from obesity. Higher 
levels of abdominal obesity are associated with increased risk of coronary artery disease, type 2 
diabetes mellitus, dyslipidemia, and hypertension. In adults with a BMI of 25 to 34.9, a waist 
circumference greater than 102 cm (40 in) for men and 88 cm (35 in) for women is associated 
with greater risk than that determined by BMI alone. In patients with a BMI of 35 or greater, the 
measurement is less helpful, as nearly all these patients have abdominal obesity. There are some 
racial variations in measuring abdominal obesity. In Asian populations, a male waist 
circumference of greater than 90 cm (35 in) and a female waist circumference of greater than 80 
cm (32 in) are considered abnormal. Waist circumference is measured with a flexible tape placed 
horizontally around the abdomen at the level of the iliac crest. 


Table 33. Diseases with Higher Prevalence in Patients with 
Obesity 


Atrial fibrillation 

Cholelithiasis 

Chronic kidney disease 
Coronary artery disease 
Dyslipidemia 

Heart failure 

Hypertension 

Gastroesophageal reflux disease 


Malignancy 

Colorectal 

Esophageal 

Gallbladder 

Liver 

Lymphoma (non-Hodgkin) 
Multiple myeloma 
Pancreatic 

Renal 

Nephrolithiasis 
Nonalcoholic steatohepatitis 
Obstructive sleep apnea 
Osteoarthritis 

Stroke 

Type 2 diabetes mellitus 
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Evaluation for Underlying Causes of Obesity 


Patients diagnosed with obesity should be screened for evidence of secondary diseases, 
medications, and behavioral conditions that can cause or worsen the condition. The time course 
over which the obesity developed, the patient’s eating habits, and a medication and psychiatric 
history are all important components of the initial evaluation. Life events commonly associated 
with weight gain include pregnancy, marital status changes, occupational changes, and smoking 
cessation. A careful history and physical examination should determine the extent of testing for 
secondary causes of obesity and obesity-related diseases. Most obese patients do not have a 
readily identifiable secondary cause; many patients do have behaviors that contribute to weight 
gain and are potential barriers to weight loss. 


Medications can cause weight gain. In patients with diabetes, thiazolidinediones, oral 
hypoglycemic medications, and insulin can all cause modest weight gain. Certain psychiatric 
medications, including tricyclic antidepressants, selective serotonin reuptake inhibitors, lithium, 
and many antipsychotic agents (thioridazine, clozapine, olanzapine) are also associated with 
weight gain. Finally, several anticonvulsants such as valproic acid and carbamazepine can cause 
weight gain. 


In the occasional patient in whom a secondary cause of obesity is found, endocrine disorders are 
often the underlying cause. The reduced metabolic activity resulting from hypothyroidism may 
result in weight gain. Excess glucocorticoids from iatrogenic or primary disease states leading to 


Cushing syndrome can also cause progressive obesity. Growth hormone deficiency, insulinomas, 
and hypothalamic damage (by surgery, trauma, tumor, or inflammatory disease) can also result in 
obesity. About half of women with the polycystic ovary syndrome are obese, but the precise 
relationship between this disorder and obesity is not known. 
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Treatment of Obesity 


e Behavioral Interventions 


e Dietary Therapy 
e Pharmacologic Therapy 


e Surgical Treatment 
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Behavioral Interventions 


Behavioral therapies, including dietary and exercise interventions, are traditional and effective 
approaches to obesity therapy. They are often used to augment pharmacologic and surgical 
approaches in morbidly obese patients or as monotherapy in patients with less severe disease 
(Figure 15). While many patients desire to lose as much as one third of their weight, this is a 
difficult, and usually unrealistic, goal to achieve, even with surgery. A more modest long-term 
weight loss goal of 5% to 15% will reduce the risk of many of the medical complications of 
obesity. 


Behavioral interventions typically involve self-monitoring of food intake, learning about and 
controlling stressors that activate eating, establishing a supportive social network, slowing food 
intake during meals, nutrition education about portion size and meal content, goal setting and 
behavioral contracting, and education about appropriate physical activity. Group and individual 
therapy sessions are both effective but result in only modest weight loss—on average, 3 kg or 
less. Active monthly interventions with face-to-face or Internet engagement with patients can be 
effective in preventing weight from being regained. 


Physical activity is often recommended for treatment of obesity and overweight. Low-intensity 
workouts equivalent to walking 30 minutes per day are effective in maintaining stable weights; 
high-intensity/high-amount workouts provide proportionately greater benefits. Exercise has 
additional benefits of improved cardiovascular health and decreased abdominal and hip 
circumference measurements. Physical activity is generally felt to be a useful adjunct in 
preventing further weight gain, but it is probably not adequate as monotherapy for obesity 
without behavioral therapy, diet, medication, or surgery. 


Obese patient (BMI >30) 


= Assess comorbid conditions 
* Determine goals (weight loss, 


time frame, comorbidity 
risk reduction) 


* Recommend weight loss, 
diet, exercise, lifestyle changes 


Continue weight and lifestyle 
management with diet and exercise 


Yes 
Patient meets goal? 


No 


Reasses comorbid conditions 
Reassess weight loss goal 


Yes 
Is weight loss sufficient? 


No 


Continue weight and lifestyle 
management with diet and exercise 


For patients who desire adjunctive 
therapy, discuss risks and benefits, 
lack of long-term safety data 


Add adjunctive drug therapy. 


Patient accepts risks Options include bupropion, 
and benefits of drug therapy? diethylpropion, fluoxetine, 
orlistat, phentermine, 


No sibutramine. 


Continue weight and lifestyle 


management with diet and exercise 


Figure 15. Management of obesity. 


Reprinted with permission from Snow V, Barry P, Fitterman N, Qaseem A, Weiss K; Clinical 
Efficacy Assessment Subcommittee of the American College of Physicians. Pharmacologic and 
surgical management of obesity in primary care: a clinical practice guideline from the American 
College of Physicians. Ann Intern Med. 2005;142(7):526. [PMID: 15809464] Copyright 2009, 
American College of Physicians. 
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Dietary Therapy 


Restricting caloric intake is a key component of any weight loss program. Very-low-calorie diets 
of under 800 kcal/d are difficult to administer and can be associated with a higher incidence of 
adverse effects. They are not recommended for routine use. The amount of ideal caloric 
restriction in patients depends on the patient’s age, sex, degree of obesity, and physical activity. 
Diets are often best planned with input from a dietician. 


Calorie-restricted diets generally fall into three major categories: balanced low-calorie diets, low- 
fat diets, and low-carbohydrate diets. Data are conflicting regarding which dietary strategies have 
the most favorable outcome on sustained weight loss and metabolic parameters. Nearly all diets 
target a cumulative daily reduction of calories compared with the patient’s normal baseline. 
Low-carbohydrate diets, including variants of the Atkins diet, target an initial goal of 20 g/d or 
less of carbohydrate for several months, followed by a goal of 50 g/d or less for subsequent 
continued weight loss and maintenance. Low-fat diets, such as the Ornish diet, generally restrict 
fat intake to 10% or less of total dietary calories. Balanced low-calorie diets, such as the Zone 
diet, have a balance of carbohydrate, protein, and fat, typically in a 40%/30%/30% distribution. 


Comparisons between diets have yielded conflicting results. A meta-analysis comparing low-fat 
to low-carbohydrate diets demonstrated a short-term increase in weight loss with low- 
carbohydrate diets with no difference between the two types of diet after 12 months in terms of 
either weight loss or blood pressure. Low-carbohydrate diets improve triglyceride and HDL 
cholesterol levels more than low-fat diets, whereas low-fat diets improve LDL and total 
cholesterol levels more than low-carbohydrate diets. In a randomized trial comparing several 
diets in obese postmenopausal women for 12 months, a low-carbohydrate diet resulted in a mean 
weight loss of 4.7 kg, compared with 1.6 kg with a balanced low-calorie diet and 2.2 kg with a 
low-fat diet. HDL cholesterol, triglycerides, and both systolic and diastolic blood pressure were 
more favorable in the low-carbohydrate diet group. Longer-term studies assessing dietary 
compliance and maintenance strategies are required to definitively recommend one diet over 
another. The existing data demonstrate that both low-carbohydrate and low-fat diets work in the 
short term, giving physicians wide latitude to work with patients and dietitians to find a diet that 
is most likely to result in adherence and maintenance of weight loss. 
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Pharmacologic Therapy 


Pharmacologic therapy can be offered to obese patients who have failed to achieve their weight 
loss goals through diet and exercise alone. Before initiating therapy, however, it is important to 
discuss with patients the drugs’ side effects, the lack of long-term safety data, and the temporary 
nature of the weight loss achieved with medications. Many medications have been tried for 
treatment of obesity (Table 34), but long-term data are only available for orlistat, sibutramine, 
and rimonabant. (Rimonabant is not available in the United States and is not discussed here.) The 
U.S. Food and Drug Administration has approved sibutramine for a 2-year course of therapy and 


orlistat for a 4-year course. In many studies, cessation of the obesity medication is associated 
with recurrent weight gain. Obesity medications should be used in combination with diet and 
exercise. Guidelines from the National Institute for Health and Clinical Excellence (NICE) 
recommend discontinuation of drug treatment if a 5% threshold in weight loss has not been 
reached by the end of 3 months of therapy. 


Orlistat, which is available over the counter, inhibits pancreatic lipases and alters fat digestion. 
This results in dose-dependent incomplete digestion of fat with elimination of the excess fat in 
the stool. Less than 1% of orlistat is absorbed systemically, so it has few drug-drug interactions. 
Major side effects, occurring in up to 30% of patients, include abdominal cramping, flatus, oily 
stool, and fecal incontinence. A meta-analysis of 16 orlistat trials demonstrated an average 
weight reduction of 2.9 kg. The study also demonstrated that orlistat reduced the incidence of 
diabetes and improved glycemic control in patients with diabetes. Orlistat also reduces blood 
pressure as well as total cholesterol and LDL cholesterol levels and is associated with a small 
increase in HDL cholesterol level. 


Sibutramine is a sympathomimetic agent that suppresses appetite and food intake. It inhibits 
norepinephrine, serotonin, and dopamine reuptake into nerve terminals. 


A meta-analysis of ten sibutramine trials demonstrated an average of 4.2 kg of weight loss 
compared with placebo. Sibutramine mildly increased concentrations of HDL cholesterol and 
lowered triglyceride levels. Sibutramine increased systolic blood pressure by an average of 1.7 
mm Hg, diastolic blood pressure by 2.4 mm Hg, and pulse by 4.5/min. Other adverse effects 
occurred in up to 20% of patients and included insomnia, nausea, dry mouth, and constipation. 
Sibutramine should not be used in patients with uncontrolled or poorly controlled hypertension 
or a history of cardiovascular disease. 


Table 34. FDA-Approved Drugs for the Treatment of 
Obesity 


Drug Mechanism of Action Approved Indication 
Orlistat Pancreatic lipase inhibitor Long-term use and maintenance 
Sibutramine* Sympathomimetic Long-term use and maintenance 
Benzphetamine” Sympathomimetic Short-term use 
Diethylpropion? Sympathomimetic Short-term use 
Phendimetrazine” Sympathomimetic Short-term use 
Phentermine (HCI or resin)? Sympathomimetic Short-term use 


FDA = U.S. Food and Drug Administration. 
“U.S. Drug Enforcement Administration schedule IV drug. 


US: Drug Enforcement Administration schedule III drug. 
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Surgical Treatment 


The goal of bariatric surgery is to improve mortality, reduce morbidity from obesity-related 
illnesses, and improve patient quality of life. A 1991 NIH consensus panel recommended that 
surgical therapy for obesity be considered in well-informed, motivated patients with a BMI 
above 40 who have an acceptable surgical risk and who have failed to benefit from previous 
nonsurgical weight loss therapies. The panel also suggested that adults with a BMI above 35 with 
serious comorbidities, such as diabetes, sleep apnea, obesity-related cardiomyopathy, or severe 
joint disease, may be considered for surgery. Bariatric surgery in elderly patients and children 
remains controversial. Most surgeons will also not perform bariatric surgery on patients with 
untreated major psychiatric disorders, including binge eating disorders and current drug or 
alcohol abuse, or on patients who are unable to comply with postoperative nutritional, dietary, 
and follow-up requirements. 


Some bariatric procedures reduce gastric size and leave small-bowel absorptive function intact. 
Caloric intake is reduced by causing early satiety. These restrictive procedures are generally 
simpler and less invasive but produce less long-term weight loss. Vertical banded gastroplasty 
and laparoscopic adjustable gastric banding are examples of restrictive procedures. The vertical 
banded gastroplasty has fallen out of favor owing to a high rate of re-operation and has been 
largely replaced with vertical sleeve gastrectomy, a procedure that does not have a lengthy long- 
term outcome record. 


Procedures utilizing malabsorption shorten the length of functional small bowel and induce more 
dramatic weight loss, but at the cost of an increased risk of nutritional deficiencies. These 
procedures may be combined with restrictive approaches. The Roux-en-Y gastric bypass is a 
dual-mechanism bariatric surgery combining a small gastric reservoir, which restricts oral intake, 
with a small-bowel bypass, which induces mild malabsorption. The two most common types of 
bariatric procedures performed are laparoscopic adjustable gastric banding and Roux-en-Y 
gastric bypass (Table 35). 


A meta-analysis demonstrated that bariatric surgery improved or resolved diabetes, 
hyperlipidemia, hypertension, and obstructive sleep apnea in 70% or more of patients. Patients 
who underwent gastric banding lost approximately 48% of excess weight, and those who 
underwent gastric bypass lost approximately 60% to 70% of excess weight. Another study of 
obese patients (men with BMI >34 and women with BMI >38) compared bariatric surgery 
outcomes to conventional (nonsurgical) treatment outcomes over an 11-year period. The 
nonsurgical group remained within 2% of study entry weight. At the study conclusion, weight 
losses from baseline were 25% for gastric bypass and 14% for gastric banding. When adjusted 
for age, sex, and comorbidities, the surgical group had a significant 29% reduction in mortality 
compared with the control group. 


Whereas the mortality rate of bariatric surgery is generally less than 1%, adverse effects and 
complications are common, with unexpected rehospitalization rates ranging from 6% to 20%. 
Complications of gastric banding procedures include intractable nausea and vomiting, staple line 
disruption, band erosion, marginal ulcers, stomal obstruction, and severe gastroesophageal reflux 
disease. Complications of gastric bypass include anastomotic leaks, ventral hernias, bleeding, 
vitamin deficiencies, wound infection, stomal stenosis, cholelithiasis, and wound infections. 
Dumping syndrome may occur (see MKSAP 15 Gastroenterology and Hepatology). Nutritional 
deficiencies of vitamin Bp, iron, calcium, folic acid, and 25-hydroxyvitamin D are common in 
patients after gastric bypass. Less frequently, deficiencies of magnesium, copper, zinc, vitamin 
A, other B-complex vitamins, and vitamin C may occur. Pulmonary embolism is a common but 
preventable complication in bariatric surgery. 


Table 35. Comparison of Commonly Used Bariatric Surgery 
Techniques 


Characteristic Laparoscopic Adjustable Gastric Roux-en-Y Gastric Bypass 
Banding 
Mechanism Restrictive Restrictive and malabsorptive 
Technique Adjustable silicone ring is placed 7-10 mL gastric pouch is separated 
around the top part of the stomach, from the rest of the stomach and 
creating a 15-30 mL pouch. connected to the small intestine, 
bypassing the rest of the stomach and 
duodenum. 


Dietary program Patients must consume <800 kcal/d Patients must consume <800 kcal/d in 
for 18-36 months, 1000-1200 kcal/d the first 12-18 months; 1000-1200 


thereafter. Certain foods can get kcal/d thereafter in three small, high- 
“stuck” (rice, bread, dense meats, protein meals per day. Patients must 
nuts), causing pain and vomiting. avoid sugar and fats to prevent 
“dumping syndrome.” 

Initial hospital <ld 3-4d 

length of stay 

Weight loss 27% excess weight loss 60%-70% excess weight loss 

30-day mortality 0.1% 0.5% 

Incidence of 10% 15% 

postoperative 

complications 
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Men’s Health 


Sexual Dysfunction 

Benign Prostatic Hyperplasia 
Acute Testicular and Scrotal Pain 
Chronic Prostatitis and Pelvic Pain 
e Hernias 


Key Points 


e Erectile dysfunction and cardiovascular disease share similar risk factors, and erectile 
dysfunction may precede or be a marker for cardiovascular disease. 

e Phosphodiesterase-5 inhibitors are contraindicated in patients who use nitrates. 

e Intracavernosal injection or transurethral administration of alprostadil are effective 
alternatives for patients with erectile dysfunction who cannot take or do not respond to 
phosphodiesterase-5 inhibitors. 

e The two effective pharmacologic treatments for benign prostatic hyperplasia are a- 
antagonists and 5a-reductase inhibitors. 

e Symptom improvement in benign prostatic hyperplasia occurs more quickly with a- 
antagonists (within 48 hours) than with 5a-reductase inhibitors (up to 6 months). 


e In the patient with acute scrotal pain, absence of the cremasteric reflex on the affected 
side is nearly 99% sensitive for testicular torsion. 

e Definitive surgical intervention should never be delayed to obtain an ultrasound when 
testicular torsion is the likely diagnosis. 

e a-Blockers are modestly effective for chronic prostatitis/chronic pelvic pain syndrome 
symptoms. 

e Antibiotics are commonly prescribed for chronic prostatitis/chronic pelvic pain 
syndrome, but evidence for their efficacy is lacking. 

e Watchful waiting is an acceptable option for men with minimally symptomatic hernias 
because acute hernia incarcerations are rare. 

e Laparoscopic hernia repair takes longer and has a higher rate of rare but more serious 
complications than open mesh repair; however, recovery is quicker with less persisting 
pain and numbness. 
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Sexual Dysfunction 


Sexual dysfunction is more prevalent than previously recognized and can adversely affect quality 
of life. It is important to ascertain the specific sexual problem—erectile dysfunction, decreased 
libido, or premature ejaculation—as the workup and treatment will differ. 
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Erectile Dysfunction 


Erectile dysfunction (ED) is defined as the consistent or recurrent inability to attain or maintain a 
penile erection adequate for sexual performance. The etiology of ED, previously assumed to be 
mainly psychogenic, is now thought to be more organic or multifactorial. The presence of 
nocturnal or early morning erections and rapid onset of erectile dysfunction suggest a 
psychogenic rather than organic cause. Of the organic etiologies, vascular disease and diabetes 
mellitus predominate. 
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Risk Factors 


The prevalence of ED increases significantly with age, increasing approximately 10% per decade 
from the fifth decade on. Besides a decline in physiologic function, older age is usually 
associated with other conditions that increase the risk of ED, most commonly hypertension, 
hyperlipidemia, diabetes mellitus, and the metabolic syndrome. Diabetes may increase risk of 
ED as much as four-fold; ED in this population is associated with duration of disease, glycemic 


control, and associated complications (neurogenic and vascular). Other endocrine problems 
associated with ED include hypogonadism and thyroid disease. Other risk factors include 
smoking, obesity, cardiovascular disease, certain medications (antidepressants and 
antihypertensive agents), and alcohol and drug abuse. ED and cardiovascular disease share many 
risk factors, and whereas cardiovascular disease can cause ED, a diagnosis of ED often precedes 
and may be a marker for silent heart disease. Lower urinary tract symptoms (filling symptoms— 
frequency, urgency, dysuria, nocturia; or voiding symptoms—hesitancy, dribbling, overflow 
incontinence), radical prostatectomy, and spinal cord injury are also associated with ED. 
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Diagnosis and Evaluation 


Many men are reluctant to volunteer information about sexual dysfunction, and it is incumbent 
on the physician to open the discussion and ask appropriate questions in such a manner that the 
patient feels comfortable to answer. The sexual history should include a detailed description of 
the symptoms, including onset, severity, and duration. Standardized questionnaires such as the 
Sexual Health Inventory for Men (SHIM) and International Index of Erectile Function (IEF) 
may be helpful. (The SHIM can be downloaded at www.erectilefunction.org/tool_kit/Shim.pdf; 
an interactive version of the five-item version of the [IFF is available at 


www.medalreg.com/qhc/medal/ch16/16_09/16-09-07-ver9.php3.) 


Although it is not usually informative in the patient with ED, a physical examination should be 
performed, with a focus on the cardiovascular system (including blood pressure and peripheral 
pulses), genitalia (penile plaques, Peyronie disease, small testes) and secondary sexual 
characteristics, rectal examination (diminished sphincter tone, absent bulbocavernous reflex, 
prostate gland enlargement), and evidence of neuropathy. 


Laboratory testing (blood glucose, lipid profile, thyroid-stimulating hormone, blood urea 
nitrogen/creatinine) and electrocardiogram should be performed to identify any systemic diseases 
commonly associated with ED. Measurement of morning total or free serum testosterone level is 
controversial, as is prostate-specific antigen (PSA) testing. Vascular evaluation, including 
nocturnal penile tumescence, is not recommended routinely for patients with ED. 
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Treatment 


Therapies for ED should be based on the preferences of the patient and partner. Options include 
lifestyle modifications, oral erectogenic agents, vacuum constriction devices (for patients with 
contraindications to oral therapy), injection therapies (intraurethral or intrapenile), testosterone 
replacement (in patients with hypogonadism), psychological counseling, and penile prostheses 
(Figure 16). Lifestyle modifications often suggested for patients with ED include smoking 


cessation, diet and exercise, and weight loss; although small studies have shown some 
improvement in ED scores with these modifications, their value may be more related to the 
elevated cardiovascular risk that accompanies ED. 


Phosphodiesterase-5 (PDE-5) inhibitors are generally considered first-line therapy for ED and 
include sildenafil, vardenafil, and tadalafil. These agents increase penile cyclic guanosine 
monophosphate (cGMP), facilitating smooth muscle relaxation and allowing inflow of blood. All 
of these drugs have been shown to improve erectile function, as measured by successful sexual 
intercourse attempts and improved scores on various survey instruments. There are no direct 
comparisons to support superiority of any one agent, as the populations studied differ in various 
characteristics. 


The PDE-5 inhibitors vary in their duration of action, interaction with food and other 
medications, and adverse effects (Table 36). Limited case reports of nonarteritic anterior 
ischemic optic neuropathy in men taking PDE-5 inhibitors have raised the possibility of an 
association with this condition. Treatment failure may result from lack of patient education or 
improper use (timing, taking with food, inadequate sexual stimulation), inadequate dose, 
performance anxiety or unrealistic expectations, an inadequate trial (see Figure 16), 
hypogonadism, or an incorrect diagnosis (premature ejaculation or hypoactive sexual desire 
disorder). 


Prior to prescribing a PDE-5 inhibitor, the patient’s cardiovascular risk category and subsequent 
evaluation should be based on the Princeton Guidelines (Table 37). Sexual activity is usually 
associated with an exercise level of 4 or fewer metabolic equivalents, and although the relative 
risk of myocardial infarction with exercise is increased, the absolute risk is extremely low. PDE- 
5 inhibitors should be avoided in patients using organic nitrates (owing to a risk of severe 
hypotension) or in whom sexual activity is inadvisable owing to significant cardiac disease. 


Intracavernous injection and transurethral administration of alprostadil (prostaglandin E;) 
increase the rate of successful intercourse and may be used in patients who cannot take or fail to 
respond to PDE-S inhibitors. Adverse effects include pain and burning. Testosterone therapy 
(intramuscular or transdermal) is helpful in patients with hypogonadism. Psychosexual therapy 
may be helpful if a psychogenic cause is suspected. However, selective serotonin reuptake 
inhibitors (SSRIs) can cause erectile dysfunction and delay ejaculation, although the latter effect 
may be helpful in treating premature ejaculation. In men who do not respond to any of the above 
therapies (or who have contraindications to them), vacuum erection devices and penile implants 
may be considered. 


| Discuss patient’s needs and preferences | 
Lifestyle modifications 


Any contraindications to PDE-5 inhibitors? 


* High or intermediate risk of CAD 

* Nitrate use 

* Retinitis pigmentosa 

* History of nonarteritic anterior 
ischemic optic neuropathy 


* Choose PDE-5 inhibitor based on patient's 
needs and expectations 


= Start drug at middle-range dose 
* Educate patient to optimize efficacy: 


> Take 1 h before anticipated sexual activity 
> Take on empty stomach or >2 h after eating 
> No alcohol or drugs 

> Sexual stimulation necessary 


If ineffective 


* Increase to higher/maximum dose 

* Re-educate patient as to proper use 

* Try at least 6 times at maximum dose 

= Evaluate for (and treat) hypogonadism 


If still ineffective 


* Consider alternative therapy 


* Refer to a specialist (urologist, psychiatrist, 
endocrinologist) 


Use alternative 
treatment 


Local therapies: 

= Transurethral or 
intracavernosal 
injections 


* Vacuum 
constriction 
devices 


Figure 16. Treatment of erectile dysfunction. 


CAD = coronary artery disease; PDE = phosphodiesterase. 


Adapted with permission from McVary KT. Clinical practice. Erectile dysfunction. N Engl J 
Med. 2007;357(24):2472-2481. [PMID: 18077811] Copyright 2007 Massachusetts Medical 


Society. All rights reserved. 


Table 36. Characteristics of Phosphodiesterase-5 Inhibitors 
for Erectile Dysfunction 


Characteristic Sildenafil Tadalafil Vardenafil 
Dose range 25-100 mg 5-20 mg? 5-20 mg 
Tmax (median) 1 h (30 min-2 h) 2 h (30 min-6 h) 1 h (30 min-2 h) 
Duration of action At least 4h Up to 36h At least 4h 
Change in Cmax with high-fat meal |29% No change 1 18-50% 

Tmax delay: 1 h Tmax delay: 1-2 h 

Metabolism Hepatic Hepatic Hepatic 
Side effects 
Headache +++ +++ +++ 
Flushing ++ + ++ 
Dyspepsia +/++ ++ + 
Rhinitis + + ++ 
Visual disturbances + (blue tinge) +/- +/- 
Back pain/myalgia ? + 2 


Cmax = maximum concentration; Tmax = time of maximal drug concentration. 


“Dose range listed is for taking as needed, prior to anticipated sexual activity. The dosage for 
once-daily use (without regard to timing of sexual activity) is 2.5-5 mg. 


Table 37. Second Princeton Consensus Conference 
Guidelines for Treatment of Erectile Dysfunction in Patients 
with Cardiovascular Disease or Cardiac Risk Factors 


Risk Level Treatment Recommendation 
Low risk 


Asymptomatic and <3 major cardiac Can initiate or resume sexual activity or treat for ED with 
risk factors PDE-5 inhibitor (if not using nitrates) 


Controlled hypertension 
Mild stable angina 


Post successful coronary 
revascularization 


MI (>6-8 weeks before) 


Mild valvular disease 
Left ventricular dysfunction (NYHA 
functional class I) 

Intermediate/indeterminate risk 
Asymptomatic and >3 major cardiac Further cardiac evaluation (stress test or cardiology 
risk factors consultation) and restratification prior to resumption of 
Recent MI (2-6 weeks) 


Left ventricular dysfunction (ejection 
fraction <40%) or heart failure 
(NYHA class II) 


Noncardiac atherosclerotic disease 
(clinically evident PAD, history of 


stroke/TIA) 

High risk 
Unstable or refractory angina Defer sexual activity or ED treatment until cardiac 
Uncontrolled hypertension condition is stabilized and reassessed 


Moderate to severe heart failure 
(NYHA class II-IV) 


Recent MI (<2 weeks) 

High-risk arrhythmia 

Obstructive hypertrophic 
cardiomyopathy 

Moderate to severe valvular disease 
(particularly aortic stenosis) 


ED = erectile dysfunction; MI = myocardial infarction; NYHA = New York Heart Association; 
PAD = peripheral arterial disease; PDE = phosphodiesterase; TIA = transient ischemic attack. 


“Major cardiac risk factors are: age, hypertension, diabetes mellitus, smoking, dyslipidemia, 
sedentary lifestyle, family history of premature coronary artery disease. (Male sex is excluded.) 


Data from Kostis JB, Jackson G, Rosen R, et al. Sexual dysfunction and cardiac risk (the Second 
Princeton Consensus Conference). Am J Cardiol. 2005;96(2):313-321. [PMID: 16018863] 
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Premature Ejaculation 


Premature ejaculation is one of the most prevalent male sexual dysfunctions, but it is often 
misdiagnosed or overlooked. Although there is no universally used definition or validated 
assessments to make this diagnosis, the American Urological Association (AUA) recommends 
the diagnosis be based solely upon sexual history of a shortened intravaginal latency time, 
reduced control over ejaculation, low satisfaction with sexual intercourse, and distress regarding 
the condition. Treatment of premature ejaculation involves behavioral techniques to decrease 
sensory input and off-label use of selective serotonin reuptake inhibitors, tricyclic 
antidepressants, PDE-5 inhibitors, and topical anesthetics. 
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Decreased Libido 


Decreased libido (hypoactive sexual desire disorder, or HSDD) may be caused by hormonal 
deficiency, psychogenic causes, or medication effects. Low testosterone levels are associated 
with declines in androgen-related sexual behavior in men. Hyperprolactinemia may cause 
hypogonadism, and the neuroleptic activity of prolactin may lead to depression and anxiety. 
Relationship difficulties often coexist with HSDD, and it may be difficult to establish the cause- 
effect relationship. HSDD is often seen in patients with psychiatric disorders (schizophrenia, 
depression), and the effects of medications for these disorders on sexual function may vary. 
Drugs with neuroleptic activity may worsen HSDD, whereas antidepressant medications may 
actually result in improved sexual function more frequently than causing deterioration. Aging, 
chronic medical conditions (coronary artery disease, heart failure, renal failure, HIV disease) 
may also be associated with HSDD. The evaluation and treatment of hypogonadism is discussed 


in more detail in MKSAP 15 Endocrinology and Metabolism. 
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Benign Prostatic Hyperplasia 


e Diagnosis and Evaluation 
e Treatment 
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Diagnosis and Evaluation 


Benign prostatic hyperplasia (BPH) is a common cause of lower urinary tract symptoms in older 
men. A symptom-free 46-year-old man has a 45% risk of developing BPH over a period of 30 
years. Symptoms include increased urinary frequency and urgency, nocturia, poor urinary 
stream, a sense of incomplete emptying of the bladder, postvoid dribbling, and, less commonly, 
incontinence. Because these symptoms are sensitive but not specific for BPH, the differential 


diagnosis should include medications (diuretics, drugs with autonomic effects), neurologic 
conditions (spinal cord injury, stroke, dementia, multiple sclerosis), and bladder obstruction due 
to conditions other than BPH. A rectal examination to assess prostate size and nodularity as well 
as anal sphincter tone and an abdominal examination to evaluate for a palpable bladder are 
warranted. However, lower urinary tract symptoms are often poorly correlated with prostate 
gland size. A urinalysis is indicated and, if pyuria or hematuria is present, a urine culture should 
be performed. 


The AUA guidelines recommend a baseline assessment with the AUA Symptom Index 
(www.prostate-cancer.org/tools/forms/aua_symptom_form.html). A score of 0 to 7 represents 
mild symptoms, 8 to 19, moderate symptoms; and 20 to 35, severe symptoms. Because prostate 
cancer seldom causes lower urinary tract symptoms, AUA guidelines do not advocate PSA 
testing in all patients but rather, only in those who have more than a 10-year life expectancy and 
those for whom PSA levels may influence BPH treatment. In fact, BPH itself often causes a 
mildly elevated PSA level. 
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Treatment 


For patients with mild BPH symptoms, watchful waiting with conservative measures may be 
appropriate, including the following: 


e Reduce fluid intake and limit intake of caffeinated drinks and alcohol 

e Review aggravating medications (diuretics, drugs with autonomic effects) 
e Evaluate for cognitive impairment, especially correctible causes 

e Optimize mobility 


For patients in whom these measures are insufficient, two classes of medications are effective for 
BPH symptoms, a-antagonists and 5a-reductase inhibitors (Table 38). a-Antagonists relax the 
prostatic smooth muscle in the bladder outflow tract, act rapidly (usually within 48 hours), and 
are considered first-line treatment, producing a clinical response in 70% of men. All drugs in this 
class have similar efficacy and tend to improve symptoms by 30% to 40%. Abnormal ejaculation 
is a side effect and appears similar for all o-antagonists. Elderly patients are less likely to 
discontinue treatment because of ejaculatory dysfunction than because of cardiovascular side 
effects, such as postural hypotension, dizziness, and headaches. 


5a-Reductase inhibitors decrease the production of dihydrotestosterone, thereby arresting 
prostatic hyperplasia. Because shrinkage is slow, symptoms often do not improve until after 6 
months of therapy. Side effects include erectile and ejaculatory dysfunction, reduced libido, 
gynecomastia, and breast tenderness. 5a-Reductase inhibitors may be suitable in patients who 
have failed to respond to or do not tolerate a-antagonists, those with severe symptoms, and those 
with an obviously enlarged prostate or a PSA level above 1.4 ng/mL (1.4 ug/L). The latter two 
factors—prostate size and PSA level—are strong predictors of BPH disease progression. 5a- 


Reductase inhibitors decrease serum PSA levels by about half, and reference levels need to be 
adjusted if a patient is suspected of having or is being followed for prostate cancer. 


The Medical Therapy of Prostatic Symptoms (MTOPS) multicenter trial looked at the long-term 
progress (mean 4.5 years) of patients randomized to either placebo, finasteride (a 5a-reductase 
inhibitor), doxazosin (an a-antagonist), or both. Monotherapy with either drug had a similar 
ability to prevent progression of disease (34%-39% compared with placebo) but combination 
therapy was more effective (66% compared with placebo). Events such as urinary retention or a 
need for surgery were reduced significantly by finasteride and combination therapy but not by 
doxazosin alone. However, combination therapy produced more side effects. Surgery is effective 
but can often be avoided or delayed if the patient responds to pharmacotherapy. Indications for 
referral for surgery include the following: 


Urinary retention (>1 episode) 

Urinary tract infection 

Bladder stones 

Renal failure with hydronephrosis 

e Urinary symptoms with history of urologic surgery or trauma (including traumatic 
catheterizations) 

e Severe BPH symptoms that have not responded to medical therapy 


Open prostatectomy may be the procedure of choice for a severely enlarged or obstructive 
prostate. Long-term results from randomized trials comparing transurethral resection of the 
prostate and transurethral microwave thermotherapy show similar outcomes, suggesting the latter 
may be the preferred minimally invasive option. 


Table 38. Pharmacologic Treatment of Benign Prostatic 
Hyperplasia 


Agent Recommended Dosage 
a-Antagonists 
Tamsulosin 0.4 mg/d (less if postural hypotension and dizziness) 
Alfuzosin 10 mg/d (less if postural hypotension and dizziness) 
Doxazosin 2-4 mg/d 
Terazosin 5-10 mg/d (start at 1 mg and titrate up slowly) 
5a-Reductase inhibitors 
Finasteride 5 mg/d 
Dutasteride 0.5 mg/d 
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Acute Testicular and Scrotal Pain 


Initial Evaluation 
Testicular Torsion 


Epididymitis and Orchitis 
Other Causes of Acute Scrotal Pain 
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Initial Evaluation 


The history of patients presenting with acute scrotal pain should focus on onset (abrupt or 
gradual); quality; prior episodes; any other locations of pain (younger men may report hip or 
abdominal pain as the manifestation of scrotal or testicular pathology); sexual activity; any 
associated symptoms of dysuria, urgency, frequency, fever, or nausea/vomiting; and any history 
of trauma or surgery. On physical examination, the scrotum should be inspected and palpated 
and the contents transilluminated, beginning with the unaffected side. The presence of erythema 
or edema, any fullness or mass, and the position of the testes should be noted. Before palpation 
of the testicles, the cremasteric reflex should be tested, beginning with the unaffected side. The 
reflex is elicited by stroking the upper inner aspect of the thigh, and the testicle on the same side 
should rise. Other findings on palpation may include a knot in the spermatic cord in testicular 
torsion, crepitus of the scrotum, fluid collection (hydrocele), or fluctuance (abscess). 


PreviousNext 


Testicular Torsion 


Testicular torsion occurs when the testis twists on the spermatic cord, often causing ischemia. 
Testicular torsion has a bimodal distribution, occurring most often in early childhood and again 
in preadolescence; it is rare in men older than 30 years. Patients with torsion may be in severe 
pain (more so than with epididymitis) and may have nausea and vomiting. Absence of the 
cremasteric reflex on the affected side is nearly 99% sensitive for torsion. 


In torsion, the testis is usually high within the scrotum and may lie transversely, with the 
epididymis lying anteriorly, medially, or laterally, depending on the number of twists. Doppler 
flow ultrasonography is the preferred imaging method to assess blood flow to the affected 
testicle; however, definitive surgical intervention should never be delayed to obtain an 
ultrasound when torsion is the likely diagnosis. 


Treatment of testicular torsion is surgical exploration and reduction. Salvage of the testicle 
depends upon the duration of symptoms. In patients with fewer than 6 hours of pain, salvage 
rates exceed 90%; if pain has been present for 24 to 48 hours, the salvage rate is reported to be 


from 10% to 75%; beyond 48 hours, the salvage rate is essentially 0%. Manual detorsion of the 
testicle can be attempted if surgery cannot be performed immediately. 
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Epididymitis and Orchitis 


Infectious causes of acute scrotal pain, such as epididymitis and orchitis, begin to peak in 
adolescence, corresponding to increased sexual activity. Inflammation and infection of the 
epididymis cause pain localizing to the posterior and superior aspect of the testicle. The onset of 
pain may be more subacute than that of torsion and may be accompanied by dysuria, increased 
urinary urgency and frequency, pyuria, fever, and leukocytosis. The scrotum may be edematous 
and erythematous. On color Doppler flow ultrasound, blood flow to the testicle and epididymis is 
normal or increased, in marked contrast to torsion. In men younger than 35 years, gonorrhea or 
chlamydial disease should be considered, based on history (see MKSAP 15 Infectious Disease). 
In men older than 35 years and men who practice anal intercourse, Escherichia coli and 
Enterobacteriaceae are more likely culprits, and treatment is an oral fluoroquinolone. 


Orchitis, an inflammation of the testicle, is usually caused by viral infection (mumps) or 
extension of a bacterial infection from epididymitis or urinary tract infection; in mumps, 
parotiditis begins about 5 days prior to orchitis. The testicle is diffusely tender. Treatment is 
based on the likely causative organism. 
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Other Causes of Acute Scrotal Pain 


Indirect hernias may incarcerate or strangulate within the scrotum, causing severe pain with an 
associated mass. Ruptured aortic aneurysms may bleed into the scrotum, but this is unlikely to be 
the sole manifestation of a ruptured aortic aneurysm. Peritonitis may cause scrotal pain due to 
leaking of contents and/or pus into the scrotum through a patent processus vaginalis. Renal colic 
classically radiates to the ipsilateral testicle. Necrotizing fasciitis, or Fournier gangrene, is a life- 
threatening polymicrobial infection of the perineum, scrotum, and penis (see MKSAP 15 
Infectious Disease). 
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Chronic Prostatitis and Pelvic Pain 


e Clinical Presentation 
e Treatment 
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Clinical Presentation 


Prostatitis has an estimated prevalence of 5% to 8% in the United States. More than 90% of 
symptomatic patients have chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) for 
which the cause remains uncertain. Conditions similar, if not identical, to what is now labeled 
CP/CPPS include coccygodynia, proctalgia fugax, levator ani spasm syndrome, and piriformis 
syndrome. Patients with CP/CPPS typically have two types of symptoms: genitourinary/pelvic 
pain and voiding symptoms. Pain may be located in the perineum, testicles, the tip of the penis, 
and the suprapubic area and may occur during or after ejaculation. Voiding symptoms include 
dysuria, a sense of incomplete bladder emptying, and increased frequency. Depression and 
anxiety are common comorbid conditions, present in at least half to two thirds of patients. There 
is no diagnostic physical or laboratory finding, and urine cultures are typically negative. 
Although leukocytes may be found in expressed prostatic secretions, post—prostate massage 
urine, or semen of some patients, the presence or absence of leukocytes is currently felt to have 
limited clinical utility in diagnosis or in predicting treatment response. 


Patients with acute bacterial prostatitis present with acute symptoms of a urinary tract infection 
(urinary frequency and dysuria) and, occasionally, systemic symptoms, such as malaise, fever, 
and myalgia. Bacteriuria and pyuria typically represent infection by gram-negative bacteria such 
as Escherichia coli or by enterococci. Chronic bacterial prostatitis is characterized by recurrent 
infections with the same type of organisms. 
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Treatment 


A meta-analysis of randomized controlled trials evaluating pharmacologic treatments for 
CP/CPPS showed that a-blockers have the strongest evidence of efficacy, although their impact 
on outcomes is modest and not consistent across all trials. Antibiotics (typically a 6-week course) 
are the most commonly prescribed treatment, yet were not proved effective in the only two high- 
quality randomized controlled trials to date. Anti-inflammatory drugs are a third frequently 
recommended treatment, yet have only been tested in a single randomized controlled trial, and 
this involved a COX-2 inhibitor rather than the more commonly used NSAIDs. 


Other pharmacologic treatments tested in single small trials with benefits on some but not other 
outcomes include finasteride, pentosan polysulfate, mepartricin (an estrogen-lowering agent), 
and quercetin (a bioflavonoid found in red wine, onions, and other food and considered an herbal 
therapy). More studies are needed before any of these can be recommended. Other popular 
“prostatic health” supplements, including saw palmetto, stinging nettle, Pygeum africanum, and 
zinc, do not appear effective for CP/CPPS. 
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Hernias 


Approximately 75% of hernias occur in the groin, with indirect hernias being more common than 
direct, right-sided more common than left, and the incidence in men greater than in women. 
Incisional, ventral, umbilical, and other hernias are less common. Presumed causes of inguinal 
hernias include acquired or congenital connective tissue disorders, maneuvers that increase intra- 
abdominal pressure (cough, straining from constipation or prostatism, heavy lifting), marked 
obesity, ascites, pregnancy, pelvic tumors, previous lower abdominal surgery, and older age. 
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Diagnosis and Evaluation 


Clinical presentations of hernia vary. A hernia may be asymptomatic, and a bulge may or may 
not be present. The patient may describe a heavy feeling or a dragging sensation that is 
intermittent and may radiate to the testicle, a sharp pain improved by reclining or changing 
position, or, if the hernia is incarcerated, severe pain. Direct hernias tend to cause fewer 
symptoms than indirect hernias and are less likely to become incarcerated or strangulated. 


Diagnosis is made by inspection (presence of a visible bulge) or digital examination of the 
inguinal canal in the prone and standing positions. Various findings have been described to 
differentiate direct from indirect hernias, but the distinction is often difficult with reported low 
accuracy; in either type, most symptomatic groin hernias are surgically repaired. 
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Treatment 


The standard recommendation that inguinal hernias should always be surgically repaired to 
prevent incarceration and strangulation has been questioned in recent years. Several studies have 
indicated that watchful waiting rather than surgical repair is an acceptable option in men with 
minimal symptoms. Although a number of patients in such studies crossed over to surgery as 
symptoms worsened, the risk of incarceration was very low. Surgical repair usually results in 
improved symptoms but may be associated with long-term complications, such as postoperative 
neuralgia. Prior to surgical repair, underlying conditions, such as prostatic hyperplasia, should be 
addressed. 


The standard surgical procedures are tension-free repairs with mesh (with or without a plug) and 
may be open or laparoscopic and either transabdominal preperitoneal (TAPP) or total 
extraperitoneal (TEP). Potential advantages of laparoscopic repair include less incisional pain, 


less persistent pain and numbness, and earlier return to work, and this approach may be 
preferable for bilateral or recurrent hernias. These benefits are offset, however, by the need for 
general anesthesia, longer operative times, and a higher risk for rare but serious complications. 
Cost-effectiveness analyses have reported variable findings. Risk of recurrence is low (although 
probably underreported) and comparable with either approach. 
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Women’s Health 


Sexual Dysfunction 
Breast Mass 
Breast Pain 


Contraception 

Menopause 

Abnormal Uterine Bleeding and Dysmenorrhea 
Vaginitis 

Chronic Pelvic Pain 


Key Points 


Women with pain associated with sexual activity must undergo a pelvic examination. 
The diagnosis of sexual dysfunction requires that the concern causes personal or 
interpersonal distress. 

Selective serotonin reuptake inhibitors often cause orgasm disorders. 

Although most breast masses are benign, workup to exclude cancer is mandatory. 
Basic workup of a breast mass includes bilateral mammography and fine-needle 
aspiration or ultrasonography. 

A negative mammogram does not exclude breast cancer, particularly in a patient with a 
palpable mass. 

Most women with breast pain respond to reassurance and nonpharmacologic measures. 
Pharmacologic therapy options for women with severe breast pain include NSAIDs, 
danazol, tamoxifen, and bromocriptine. 

Newer oral contraceptives have lower doses of estrogen, decreasing the risk of 
thromboembolic or cardiovascular events compared with older formulations. 
Long-acting depot or implantable progesterone compounds provide effective 
contraception in teens or others more likely to forget to take daily pills. 

Levonorgestrel is the preferred method of emergency contraception, although a copper 
intrauterine device has some significant advantages. 

During the perimenopause period, heavier or more frequent bleeding, or menstruation 
after at least 6 months of amenorrhea, warrants further evaluation. 

Estrogen replacement provides the most effective relief of hot flushes, with some 
evidence of benefit with selective serotonin reuptake inhibitors, venlafaxine, clonidine, 
and gabapentin. 

Estrogen replacement provides the most effective relief of vaginal atrophy and dryness, 
with vaginal administration preferred when these are the most prominent menopausal 
symptoms. 

Initiation of hormone replacement therapy should be avoided in women who smoke, have 
known coronary artery disease, a history of breast cancer, or who are well past 
menopause. 

Hormone replacement therapy is not recommended for the prevention of chronic disease 
after menopause. 

Fibroids are the most common anatomic cause of menorrhagia and are often palpable on 
examination. 

A progesterone-releasing intrauterine device, cyclical progesterone therapy, and oral 
contraceptive pills are efficacious in decreasing excessive cyclical bleeding. 

For treatment of primary dysmenorrhea, NSAIDs and oral contraceptive pills are first- 
line therapies. 

Bacterial vaginosis is treated with oral metronidazole, 500 mg twice daily for 1 week. 
Trichomoniasis is treated with a single 2-g oral dose of metronidazole. 

Candidal vaginitis may be treated with a single 150-mg oral dose of fluconazole or less 
costly miconazole or clotrimazole creams or vaginal suppositories. 

Women with chronic pelvic pain are more likely to have a history of sexual abuse or 
domestic violence and to have comorbid somatic syndromes, such as chronic headaches 
and fibromyalgia. 

Cognitive-behavioral therapy may be effective for chronic pelvic pain but needs further 
study. 
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Sexual Dysfunction 


e Approach to the Patient 
e Female Sexual Desire Disorders 
e Female Sexual Pain Disorders 
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Approach to the Patient 


Sexual dysfunction in women is common, affecting nearly half of all women at some time. 
Sexual dysfunction occurs at any age, may follow events such as childbirth or surgery, and is 
more common as women age. Nevertheless, women are often hesitant to raise their concerns and 
physicians rarely inquire about sexual health. Importantly, personal or relationship distress 
resulting from the concern is part of defining sexual dysfunction. 


A brief sexual history can be integrated into an examination as a routine part of the review of 
systems (Figure 17). Validated screening instruments, such as the Female Sexual Function Index 
(www.fsfi-questionnaire.com/), may also be useful. In response to a concern or anticipated event 
(such as surgery), a more in-depth sexual history may involve seeing a patient and her partner 
together as well as individually (Table 39). This comprehensive approach is based on expert 
opinion and should be tailored based on the specific concern, with referral to a specialist (such as 
a psychiatrist, sex therapist, or marital counselor) if warranted. 


Medical disorders (Table 40) and medications (Table 41) can affect the sexual response, either 
directly or through alterations in body image, disfigurement, fatigue, and dependency. Pelvic 
examination is necessary to confirm or exclude causes such as vaginal atrophy, infection, 
sexually transmitted diseases, uterine abnormalities, or malignancy. Laboratory testing alone is 
unlikely to be helpful in uncovering a cause of sexual dysfunction, but testing should be 
considered as indicated by the history and physical examination. 


The sexual response involves desire (thoughts and fantasies about sexual activity), arousal 
(characterized by pelvic vasocongestion, vaginal lubrication, and swelling of the external 
genitalia), orgasm, and resolution. For women, there normally may not be a consistent 
progression from desire to arousal to orgasm. Sexual function evolves with age and with issues 
of intimacy, relationships, and social and cultural variations and expectations. Adults remain 
sexually active into the eighth and ninth decades of life, and it is important not to assume sexual 
inactivity, presume sexual preferences, or assume that sexual activity is limited to intercourse. 


Legitimize the importance of assessing sexual function; 
normalize as part of the usual history and 
physical examination. 


Are you currently involved in a sexual relationship? 


Any sexual concerns you would like 
to discuss or that have contributed 
to lack of sexual behavior? 


With men, women, or both? 
Any sexual concerns or pain with sex? 


Figure 17. Two-to-three minute basic screening sexual 
history for women. 
Adapted with permission from Kingsberg SA. Taking a sexual history. Obstet Gynecol Clin 


North Am. 2006;33(4):535-547. [PMID: 17116499] Copyright 2006, with permission from 
Elsevier. 


Table 39. Information Needed to Assess and Diagnose Sexual 
Dysfunction in Women 


Information Requested Details from the Couple 
Sexual problem and reason for Ask patients to describe problems in their own words, 
seeking help at this time request clarification with direct questions, provide options 


rather than ask leading questions, provide support and 
encouragement, acknowledge their embarrassment, and 
reassure patients that sexual problems are common. 


Duration, consistency, and priority of Clarify whether problems are present in all situations. If 
problems there is more than one problem, which is most troubling? 


Context of sexual problems Assess the emotional intimacy of the couple, activity or 
behavior just before sexual activity, degree of privacy 
they have during sexual activity, degree of sexual 
communication, time of day and fatigue level when sexual 
activity occurs, use of birth control (adequacy, type), risk 
of sexually transmitted diseases, usefulness of sexual 
stimulation, and sexual knowledge. 


Each partner’s sexual response other Elicit this information with respect to the present and the 


than that related to the problem period before the onset of the problem. 
Reaction of each partner to the Determine how each has reacted emotionally, sexually, 
problem and behaviorally. 


Previous help sought by either partner Assess compliance with the previous recommendations 
and their effectiveness. 


Details from Each Partner When Seen Alone 


Partner’s own assessment of the Symptom severity (such as a total lack of desire) may be 
problem easier to disclose in the partner’s absence. 

Sexual response with self-stimulation Also inquire about sexual thoughts and fantasies. 

Past sexual experiences Discuss positive and negative aspects. 

Developmental history Determine relationships to others in the home during 


childhood and adolescence. Were there losses or traumas? 
Was he or she emotionally close to anyone? Was he or 
she given physical affection, love, and respect? 


Past or current sexual, emotional, or Explain that questions about abuse are routine and do not 

physical abuse necessarily imply causation of sexual problems. It is 
helpful to ask whether the partner has ever felt hurt or 
threatened in the current relationship and, if so, whether 
he or she wishes to give more information. 


Physical health, especially conditions Ask specifically about medications with known sexual 
leading to debility and fatigue, side effects, including selective serotonin reuptake 
impaired mobility, or difficulties with inhibitors, B-blockers, antiandrogens, gonadotropin 
self-image (e.g., from the presence of releasing hormone agonists, and oral contraceptives. 
stomas, disfiguring surgery, or 

incontinence) 

Evaluation of mood Correlation of sexual function and mood (including 
anxiety and depression) warrants routine screening for a 
mood disorder, by means of either a questionnaire (such 
as the Beck Depression Inventory) or a semistructured 
series of questions. 


Reprinted with permission from Basson R. Clinical practice. Sexual desire and arousal disorders 
in women. N Engl J Med. 2006;354(14):1500. [PMID: 16598046] Copyright 2006, 
Massachusetts Medical Society. All rights reserved. 


Table 40. Medical Conditions that Can Contribute to Sexual 
Dysfunction 


Conditions Notes 
Endocrine system Diabetes mellitus: impaired arousal, orgasm 


Androgen insufficiency (levels decrease with age): hypoactive desire 


Estrogen deficiency (menopausal or surgical): desire and arousal 
impacted; vaginal atrophy 


Thyroid disease: impaired sexual desire 


Hyperprolactinemia: impaired arousal and orgasm 


Neurologic and Multiple sclerosis and spinal cord injuries: can impair desire, arousal, 
cerebrovascular diseases and orgasm; direct damage to neurologic structures involved in 
processing sexual stimuli 


Parkinson disease: low desire common 
Head injury: direct injury to structures to process stimuli and/or 


hypothalamic/pituitary injury 
Cardiovascular disease, Impaired desire, arousal. Low motivation to trigger or act on desire for 


including myocardial fear of recurrent symptoms; coexisting depression in 50% of patients; 

infarction symptoms are unlikely if no symptoms on exercise testing to 6 METs. 

Psychiatric illness Depression: impaired desire. Low desire in 50% to 60% of untreated 
patients. 

Renal failure Desire, arousal affected; low desire during sexual encounter may be 


triggered by knowing outcome will be painful owing to estrogen 
deficiency and associated dyspareunia. 


Lower urinary tract Desire, arousal, orgasm affected. Leakage of urine during intercourse 
disease, including or orgasm reduces desire. 
incontinence 


MET = metabolic equivalent. 
Information from Kingsberg SA. Taking a sexual history. Obstet Gynecol Clin North Am. 


2006;33(4):535-547. [PMID: 17116499] and Basson R, Schultz WW. Sexual sequelae of general 
medical disorders. Lancet. 2007 Feb 3;369(9559):409-424. [PMID: 17276781] 


Table 41. Medications that Can Affect Sexual Response 


Category Specific Agents 
Psychotropic Antidepressants (SSRIs, SNRIs, tricyclic antidepressants, monoamine 
medications oxidase inhibitors), antipsychotics, benzodiazepines, mood stabilizers 
Antihypertensive B-Blockers, a-blockers, diuretics 
agents 


Cardiovascular agents Lipid-lowering drugs, digoxin 
Histamine H»-receptor 


blockers 


Hormonal therapies Oral contraceptives, estrogens, progestins, antiandrogens, gonadotropin- 
releasing hormone agonists 

Narcotics 

Amphetamines 

Anticonvulsants 

Corticosteroids 


Protease inhibitors 


SNRI = serotonin-norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake 
inhibitor. 


Adapted with permission from Kingsberg SA. Taking a sexual history. Obstet Gynecol Clin 
North Am. 2006;33(4):535-547. [PMID: 17116499] Copyright 2006, with permission from 
Elsevier. 
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Hypoactive Sexual Desire Disorder 


Hypoactive sexual desire disorder affects up to 30% of women. It can be associated with aging 
or surgical menopause (probably due to a combination of lack of estrogen and falling androgen 
levels), medication side effects, or endocrinopathies. Desire may be considered to have three 
components: drive—spontaneous sexual interest or wanting to be sexual (which declines with 
age in both men and women); cognition—an individual’s beliefs and values about sex; and 
motivation—the interpersonal connection, which can be affected by relationship issues, worries, 
and stress. Treatment can involve treatment of an identifiable underlying cause, psychotherapy, 
and/or sex therapy (individual or couples). There are no treatments approved by the U.S. Food 
and Drug Administration (FDA). Testosterone preparations used in addition to estrogen hormone 
replacement therapy (HRT) have improved sexual function (desire) in surgically-induced 
postmenopausal women, but such use of testosterone is considered off-label and may not be 


generalizable to women after natural menopause. In addition, its use must be balanced against 
the risks of testosterone therapy (such as insulin resistance, lower HDL cholesterol levels) and 
the known adverse effects associated with postmenopausal HRT. Currently, the use of 
testosterone for low desire without concomitant HRT has no safety or efficacy data to support its 
use. 
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Female Sexual Aversion Disorder 


Female sexual aversion disorder is a sexual desire disorder in which there is a persistent or 
recurrent aversion to and avoidance of genital contact with a partner. The aversions may be 
caused by general or specific thoughts or activities and may have manifestations of revulsion, 
nausea, shortness of breath, or even panic response. Treatment is behavioral therapy to uncover 
the underlying events that triggered the aversion and help the woman and her partner address the 
ongoing avoidance and aversion. 
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Female Sexual Arousal Disorder 


Female sexual arousal disorder is the persistent or recurrent inability to maintain the vaginal 
lubrication/swelling response to completion of sexual activity. However, this definition fails to 
account for the lack of lubrication that is considered to be a normal part of aging; it also does not 
explicitly incorporate the importance of the subjective experience of arousal that may or may not 
occur. Arousal disorders can be common after pelvic surgery. Treatment involves using over-the- 
counter lubricants, behavioral techniques, and partner counseling to draw awareness to the 
arousal response. The only FDA-approved therapy is a clitoral vacuum device that enhances 
clitoral and genital blood flow and arousal. Phosphodiesterase inhibitors have not been shown to 
be effective. 
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Female Orgasmic Disorder 


There is significant variability in the normal orgasmic response in women, and some activities, 
such as manual stimulation, more reliably produce orgasm than do other activities, such as sexual 
intercourse. Female orgasmic disorder is the persistent or recurrent delay in or absence of orgasm 
following a normal excitement phase, with resulting personal or interpersonal distress. Female 
orgasmic disorder has a prevalence of 20% to 40% and is more common in younger women, 
women with diabetes mellitus, and those who engage less frequently in sexual activity. Many 


factors can play a role, including performance anxiety, social and cultural factors, and religious 
beliefs. 


Treatment involves cognitive-behavioral approaches in which negative attitudes and anxiety are 
addressed along with behavioral treatments such as directed masturbation, sensate focus, and 
systematic desensitization done in private. The clitoral vacuum device may also be used for 
female orgasmic disorder. Selective serotonin reuptake inhibitors (SSRIs) commonly cause 
difficulty in achieving orgasm and may even cause anorgasmia. Treatment for SSRI-associated 
orgasm disorders includes reducing the medication dose, changing the medication (if possible), 
and/or cognitive-behavioral therapy. There is no conclusive evidence supporting the use of 
phosphodiesterase inhibitors, o2-adrenergic receptor antagonists (yohimbine), or dopaminergic 
agents. 
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Female Sexual Pain Disorders 


Any woman with pain associated with sexual activity must have a pelvic examination to evaluate 
for pelvic pathology. 
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Dyspareunia 


Dyspareunia is coital pain that is persistent and recurrent; occurs before, during, or after sexual 
intercourse; and is not explicitly caused by lack of lubrication or vaginismus (although this can 
be difficult to differentiate). It affects 15% to 20% of women and may be more common in 
younger women. Patients may describe pain on entry or deep pain. Pain on entry may be due to 
vulvodynia (poorly localized pain, which may be unprovoked), lack of lubrication, vaginismus, 
or other processes involving the external genitalia, such as herpes simplex virus infection, 
Bartholin gland inflammation, vestibulitis, and lichen sclerosus. Deeper pain may reflect a pelvic 
pathology (such as chronic pelvic inflammatory disease, malignancy, endometriosis, 
inflammatory bowel disease, or lower urinary tract disease). 
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Vaginismus 


Vaginismus is a persistent or recurrent involuntary spasm of the outer third of the pelvic floor 
musculature, which can make insertion of a penis, finger, speculum, tampon, or other object 
difficult or impossible. Patients may describe pain, burning, or a sensation of “hitting a wall” 
with attempted intercourse. The response often occurs in anticipation of pain but is involuntary. 


This response may be to specific stimuli only (such as intercourse or pelvic examination) or may 
be generalized to any object. Treatment involves cognitive-behavioral approaches including 
individual and partner therapy and systematic desensitization. In systematic desensitization 
therapy, patients learn deep muscle relaxation techniques; they then learn to insert dilators of 
increasing size into the vagina over a period of several weeks. Initially, the woman does this 
privately; the partner is involved in counseling throughout, and attempts at intercourse are 
delayed until the final stages of treatment. Although systematic desensitization is widely 
recommended as treatment, there are no controlled trials of its effectiveness. Finally, vaginismus 
should prompt an exploration of possible sexual trauma. 
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Breast Mass 


e Epidemiology and Clinical Presentation 
e Diagnosis and Evaluation 
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Epidemiology and Clinical Presentation 


Palpable breast lesions include discrete masses (cystic or solid), thickenings, and generalized 
nodularity. Although most of these findings are benign, especially in premenopausal women, 
failure to diagnose breast cancer is one of the most common causes of litigation. The differential 
diagnosis of a breast mass varies by age and includes cysts, fibroadenomas, fibrocystic changes, 
fat necrosis, and carcinoma (Table 42). 


Diffuse lumpiness is usually caused by fibrocystic changes, which may be painful and vary with 
the menstrual cycle. Breast cysts occur most often in women younger than 40 years and also 
fluctuate with the menstrual cycle. In women younger than 30 years, a firm rubbery lump is most 
likely a fibroadenoma. A firm discrete lump in a woman between ages 30 to 50 years most 
commonly represents a fibroadenoma, cyst, fibrocystic changes, or ductal or lobular hyperplasia. 
A firm discrete mass in women older than 50 years may be a cyst or carcinoma (in situ or 
invasive). 


Important risk factors for breast cancer include older age, early menarche, late first childbirth, 


late menopause, and presence of proliferative breast disease. Additional risk factors are discussed 
in MKSAP 15 Hematology and Oncology. 


Table 42. Evaluation of Clinical Breast Abnormalities 


Breast Abnormality Diagnostic Test 


Palpable lump or mass and US. (Consider observation to assess resolution within 1 or 2 

age <30 y menstrual cycles. If persistent, do US.) If asymptomatic and cystic 
on US, observe. If symptomatic or not clearly cystic on US, aspirate. 
If aspirate fluid is bloody or a mass persists following aspiration, 
biopsy or excise for diagnosis. If mass is solid on US, do 
mammogram and obtain tissue diagnosis (fine needle aspiration, core 
biopsy, or surgical excision). If not visualized on US, obtain 
mammogram and obtain tissue diagnosis. 


Palpable lump or mass and Mammogram: if BI-RADS* category 1-3 obtain US and follow 


age >30 y protocol above. If BI-RADS category 4-5 obtain tissue diagnosis. 

Nipple discharge, no mass, Bilateral, milky: pregnancy test (if negative, endocrine evaluation). 

any age Persistent, spontaneous, unilateral, one duct, or serous/bloody: 
cytology optional, obtain mammogram and surgical referral for duct 
exploration. 


Thickening or asymmetry Consider unilateral mammogram; if normal, reassess in 3-6 months; 
and age <30 y if abnormal, obtain tissue diagnosis. 


Thickening or asymmetry Obtain bilateral mammogram; if normal, reassess in 3-6 months; if 
and age >30 y abnormal, obtain tissue diagnosis. 


Skin changes (erythema, Consider mastitis: treat with antibiotics if appropriate and reevaluate 
peau ďd’orange, scaling, in 2 weeks. Otherwise, evaluate as below. 

nipple excoriation, 

eczema) and age <30 y 


Skin changes (erythema, Obtain bilateral mammogram; if normal, obtain skin biopsy; if 
peau d’ orange, scaling, abnormal or indeterminate, obtain needle biopsy or excision (also 
nipple excoriation, consider skin punch biopsy). 

eczema) and age >30 y 


US = ultrasonography. 


“Breast Imaging Reporting and Data System: BI-RADS 1: negative; BI-RADS 2: benign finding; 
BI-RADS 3: probably benign finding—short-interval follow-up suggested; BI-RADS 4: 
suspicious abnormality—consider biopsy; BI-RADS 5: highly suggests malignancy—take 
appropriate action. 
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Diagnosis and Evaluation 


The absence of risk factors should not alter management of the patient with a breast mass, and 
usual clinical practice requires the “triple test’”—palpation, mammography (with or without 
ultrasound), and surgical evaluation for biopsy. When vague nodularity or thickening is present 
(as opposed to a discrete mass) in premenopausal women, physical examination should be 


repeated at mid-cycle 1 month later and if still present, managed as noted above; postmenopausal 
women should undergo immediate evaluation. Imaging is indicated not only to evaluate the 
palpable mass but also to screen for other masses on the same or contralateral breast. Because 
10% to 15% of palpable breast cancers are not detected by mammography, a negative 
mammogram does not eliminate the need for a biopsy. Ultrasound serves to distinguish cystic 
from solid masses. A cystic mass should be aspirated and the fluid sent for cytologic evaluation 
if bloody or recurrent. A solid mass requires biopsy by fine-needle aspiration, core needle, or 
excision. A benign biopsy in a woman with a negative mammogram still requires close follow- 
up, as documented by a study in which breast cancer developed in 707 of 9087 women with 
previous benign breast biopsies followed for a median of 15 years. Risk factors were noted to be 
histologic classification (atypia or proliferative changes) and family history of breast cancer. 
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Breast Pain 
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Clinical Presentation 


Breast pain can be classified as cyclic mastalgia, noncyclic mastalgia, or extramammary pain 
(chest wall syndromes). Cyclic mastalgia is the most common and is related to the menstrual 
cycle. Pain is dull, heavy, or aching; diffuse and bilateral; and involves the upper outer breast 
region with radiation to the upper arm and axilla. Although histologic, hormonal, fluid- 
electrolyte, nutritional, and psychological associations have been described, the cause of cyclic 
mastalgia is unknown. Cyclic mastalgia may be weakly associated with breast cancer (odds 
ratios from 1.35 to 3.32 depending on severity of symptoms), but there is conflicting evidence 
with noncyclic mastalgia (2% to 7% presenting with pain in one study and odds ratio of 0.63 in 
another). 


Noncyclic mastalgia is constant or intermittent and is not associated with the menstrual cycle. It 
tends to occur at a later age, and it is usually unilateral and localized within a quadrant. The 
cause of most cases of noncyclic mastalgia is unknown but may be related more to an anatomic 
than a hormonal cause. However, estrogens, progestagens, antidepressants, antihypertensive 
agents, and other medications have been associated with noncyclic breast pain. 
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Evaluation 


The history should include the quality and location of the pain, severity and limitation of 
activities, relationship to physical activity, other breast symptoms, and medications. A careful 
clinical breast examination and evaluation of the chest wall and surrounding structures should be 
performed. Breast pain often prompts women to seek medical care because of concerns for 
cancer, but malignancy is uncommon in women with a normal clinical examination. 
Ultrasonography should be considered for focal, persistent breast pain and mammography for 
women older than 30 years or with risk factors for breast cancer (although the yield is usually 
low). 
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Treatment 


Severe pain may warrant treatment. Nonpharmacologic interventions include reassurance; using 
a supportive, well-fitting bra; and dietary change (low fat, methylxanthine restriction, vitamin E, 
evening primrose oil), although the supporting evidence for these measures is mixed. 
Pharmacologic interventions include NSAIDs and the hormonally active agents danazol, 
tamoxifen, and bromocriptine. Danazol is the only FDA-approved medication for mastalgia, but 
it is teratogenic and is contraindicated in women with a history of venous thromboembolism. An 
adjustment in dose or preparation of hormonal therapy may be considered. Cyclic mastalgia 
typically responds better to treatment than noncyclic mastalgia with a significant percentage of 
patients’ symptoms resolving spontaneously; however, the rate of recurrent symptoms is high. 
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Oral Contraceptive Pills 


Oral contraceptive pills (OCPs) are the most popular method of contraception in the United 
States, and recent modifications have improved their safety and tolerability without reducing 
efficacy. Newer alternative preparations generally have lower doses of estrogen, reducing the 
risk of complications such as thromboembolic disease (an especially significant risk in women 
who smoke cigarettes). In addition, whereas the earlier generation of OCPs typically provide 7 
out of 28 hormone-free days in each cycle, inducing menses, newer pill regimens often reduce 
the hormone-free days in each cycle or extend the time between hormone-free cycles to as long 
as 3 months. This decreases the extent or frequency of menstrual bleeding while also reducing 
hormone-related mood swings and bloating. Some OCPs may even induce amenorrhea, but 
numerous studies document that extended-cycle and continuous OCP regimens are safe and 
effective. Because the estrogen dose in OCPs is usually significantly lower than what has been 
used in postmenopausal estrogen replacement, the cardiovascular risks are not as great, although 
there is still a greater risk of myocardial infarction for women older than 35 years who smoke or 
have hypertension. Iron-deficiency anemia is much less common in women who take OCPs 
owing to less menstrual blood loss. The failure rate (usually defined as experiencing unintended 
pregnancy within the first year of use) with OCPs is 0.3% with perfect use, but in practice is as 
high as 8%, most often due to missing pills. 
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Long-Acting Progesterone Compounds 


A contraceptive method that has been particularly useful in reducing pregnancy in teens is long- 
acting progesterone compounds with intramuscular depot medroxyprogesterone acetate; 
implantable and subcutaneous forms are also available. This approach is particularly useful for 
those who are more likely to forget to take a pill each day, such as teenagers. Whereas there is 
evidence that the use of long-acting progesterone compounds reduces bone mineral density, this 
effect is fully reversible. Other recently approved alternatives include an ethinyl estradiol- 
norelgestromin patch that is changed weekly and etonogestrel in an ethylene vinyl acetate rod 
that can be placed in the subcutaneous tissue of the upper arm to provide 3 years of contraceptive 
action. Like OCPs, long-acting progesterone compounds have a failure rate of 0.3% with ideal 
use, but in practice pregnancy occurs in up to 3% of women in the first year, with missed or 
delayed appointments largely responsible. 
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Barrier Methods 


Barrier methods avoid hormone-induced side effects but have several disadvantages, such as the 
need for placement, which may be awkward; less comfort; messiness; and, most troublesome, a 
higher failure rate. Barrier methods include male and female condoms (15%-20% failure rate in 
actual practice), diaphragms (15%), cervical caps (15%-30%), and vaginal rings (7%-10%). 
Silicone vaginal devices have proved superior to older latex models by providing greater 


durability while avoiding problems with allergies and odor. Spermicides are insufficient by 
themselves, but do provide added efficacy when used in conjunction with barrier methods. Male 
and female condoms are a particularly good choice, whether used alone or in conjunction with 
other methods, for the prevention of sexually transmitted diseases (STDs) in those who are not 
monogamous. Microbicides have the potential to decrease STD transmission, but the only one 
currently approved in the United States, nonoxynol-9, is ineffective in this regard, and may even 
increase the risk of HIV transmission through disruption of the vaginal epithelium. 
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Intrauterine Devices 


Intrauterine devices (IUDs) are the most widely used method of contraception worldwide, with 
efficacy greater than 99%. IUDs that incorporate a levonorgestrel intrauterine system are 
particularly effective, with only 1/1000 users becoming pregnant in | year, comparable to rates 
with male or female sterilization. However, their use is relatively infrequent in the United States 
(1% compared with 15%-30% or more in other nations), likely due largely to repercussions of 
the Dalkon Shield controversy, which, by virtue of its design, significantly increased the risk of 
pelvic inflammatory disease. One of the greatest advantages of IUDs is that after being put in 
place, they do not require action by the user, as do condoms or oral contraceptives, for example, 
and they can remain effective for 7 to 10 years or more. The likelihood of pregnancy or adverse 
effects, including expulsion or removal because of bleeding or pain, decreases with age, making 
the IUD particularly well-suited to older women who already have children and desire to prevent 
further pregnancies. A long-term World Health Organization study of copper IUDs (one of the 
more commonly used types) found that whereas the risk of expulsion is 6% in the first year, and 
removal because of pain, bleeding, or another medical indication is approximately 12% in the 
first year, such complications are much less common after the first year, with efficacy remaining 
high for up to 10 to 12 years. 
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Sterilization 


Among the most effective contraceptive methods, with failure rates approximately | in 1000 in 1 
year, are sterilization techniques—vasectomy in men and tubal ligation in women. Vasectomy is 
the simplest, safest, and most effective sterilization method, with failure exceedingly rare when 
postprocedure oligospermia is documented. Concerns about an increased risk of heart disease, 
prostate cancer, or testicular cancer do not appear to be credible. Reversibility of surgical 
vasectomy for those who change their minds can be difficult. A reversible, nonsurgical 
vasectomy, involving injection of a plug into the vas deferens, has achieved popularity in China 
but has not been approved in the United States. Tubal ligation has a slightly higher failure rate 
than vasectomy, and in women who do become pregnant, the rate of ectopic pregnancy is high. 
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Emergency Contraception 


Emergency contraception is defined as the use of a drug or device to prevent pregnancy after 
either unprotected sexual intercourse or contraceptive failure (such as rupture of a condom). 
Three forms of emergency contraception are available: oral levonorgestrel (Plan B), oral 
mifepristone (RU-486), and a copper IUD. Levonorgestrel and mifepristone have comparable 
tolerability and efficacy, with failure rates slightly over 1%, and they do not require professional 
insertion like the IUD. Because mifepristone is currently approved in the United States only for 
termination of pregnancy and is not available in pharmacies, levonorgestrel, taken in two 0.75- 
mg doses 12 to 24 hours apart within 5 days of having had intercourse, is the preferred regimen. 
However, the efficacy is greater when taken closer to the time of intercourse and diminishes over 
the ensuing 5 days. A series of studies found no adverse events with the use of levonorgestrel; 
the rate of condom use was no lower and sexually transmitted diseases were no more common 
than in control groups. Postcoital insertion of a copper IUD within 5 days of intercourse is the 
most effective emergency contraceptive, with a failure rate of only 0.1% to 0.2% when properly 
inserted, and there are no systemic metabolic effects, although there is a risk of fundal 
perforation with insertion, at a rate of approximately 1 in 3000. Once inserted, the IUD can be 
kept in place for up to 10 years to prevent subsequent pregnancy. 
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Menopause 


Menopause is the permanent cessation of ovarian function, resulting in amenorrhea. However, 
since most women experience an average of 4 years of perimenopause, a period of time in which 
hormonal changes begin to occur and the menstrual cycle becomes irregular, menopause can 
usually only be diagnosed retrospectively. In the United States, the average age of menopause is 
51 years, meaning that women spend one-third of their lives in a postmenopausal state. Genetics 
have by far the greatest influence on the age of menopause, with black and Hispanic women 
having an earlier onset than white women. Tobacco use and higher socioeconomic status are 
associated with an earlier onset of menopause, whereas greater parity predicts a later age of 
onset. 


Hormonal changes that herald menopause begin with a decrease in ovarian inhibin production 
and an increase in follicle-stimulating hormone release from the pituitary gland, followed by a 
drop in ovarian estradiol production 6 to 12 months before menopause. The diagnosis of 
menopause can be established clinically, and a follicle-stimulating hormone level does not need 
to be obtained routinely. It may, however, be helpful in selected patients; for example, an 
elevated follicle-stimulating hormone level might confirm the cause of a patient’s symptoms 
when there is some doubt, such as in a woman who enters menopause earlier than usual. 
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Management of Symptoms 


Vasomotor symptoms such as hot flushes and night sweats represent the single most frequent 
menopause-related complaint. Even so, whereas three-quarters of menopausal women in the 
United States experience hot flushes, only a fraction of these women actually seek medical 
attention for this symptom. Hot flushes gradually diminish over time, but 26% to 50% of women 
continue to experience them for up to 10 years, and 10% report a duration of 11 years or more. 
Hot flushes are more common at night, often interfering with sleep. They typically last anywhere 
from 30 seconds to a few minutes and may be accompanied by palpitations or other symptoms of 
anxiety. Estrogen is the most effective treatment for the relief of hot flushes, with a 50% to 90% 
response rate, and evidence shows that even low doses provide effective symptom relief. Relief 
of hot flushes is now considered the primary reason for initiating HRT, and HRT is worth 
considering in nonsmokers without other significant cardiovascular risks, a history of 
thromboembolic disease, a personal history of breast cancer, or a first-degree relative with breast 
cancer. Although the USPSTF recommended against the routine use of combined estrogen and 
progesterone (or unopposed estrogen in women who have had a hysterectomy) for the prevention 
of chronic conditions, they deferred to others the evaluation of the utility of hormone 
replacement for the management of menopausal symptoms. The North American Menopause 
Society (NAMS) reviewed the available evidence and concluded that the absolute risk of HRT is 
low and that although the use of such therapy should be individualized, estrogen replacement 
(with progesterone for women with an intact uterus) is the most effective treatment for 
vasomotor symptoms. For women in whom HRT is contraindicated, there are modest data 
suggesting some benefit from antidepressants (SSRIs, the serotonin-norepinephrine reuptake 
inhibitor venlafaxine), clonidine, and gabapentin. There is currently insufficient evidence for the 
effectiveness of either physical exercise or herbal remedies such as soy proteins, black cohosh, 
red clover, dong quai, evening primrose, or ginseng. 


Irregular menstrual bleeding typically occurs for 2 to 8 years before cessation of menses. 
Usually, bleeding becomes lighter and less frequent. Further evaluation is indicated for bleeding 
that lasts more than 7 to 10 days, is highly irregular compared with prior patterns, is more 
frequent than every 21 days, or recurs after at least 6 months of amenorrhea. 


Vaginal atrophy and dryness are common during menopause and may result in vaginal burning 
and pruritus, dyspareunia, and dysuria. The NAMS review concluded that estrogen therapy is the 
most effective treatment of vulvar and vaginal atrophy and that estrogen vaginal cream is the 
preferred method of administration for women with primarily vaginal symptoms. 
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Systemic Risks and Benefits of Hormone Replacement 
Therapy 


The Women’s Health Initiative (WHI) identified an increase in the risk of cardiovascular events 
(fatal and nonfatal myocardial infarction) during the first year of HRT; while this risk declined 
over time, the magnitude of the initial increase led to persistence of the effect over a mean of 5.2 
years of follow-up. However, the WHI design initiated HRT in women ages 50 to 79 years, 
many of whom already had significant coronary artery disease risks. In fact, subgroup analysis 
indicates that perimenopausal or recently menopausal women may actually derive cardiovascular 
benefit from HRT. Women ages 50 to 59 years in the estrogen-only arm of the WHI trial had a 
statistically significant decrease in a global coronary score (relative risk, 0.66; CI, 0.45-0.96), 
and a decrease in coronary events that was nearly significant (relative risk, 0.63; CI, 0.36-1.08). 
The Heart and Estrogen/Progestin Replacement Study (HERS), as well as an additional follow- 
up study (HERS II), found no increased risk of cardiovascular events in an average of 6.8 years 
of follow-up. In addition, a meta-analysis of 23 randomized, controlled trials of HRT found that 
women within 10 years of menopause had a significant reduction in coronary events (relative 
risk, 0.68; CI, 0.45-0.96). The USPSTF concluded on the basis of the HERS and WHI trials that 
HRT should not be prescribed for prevention of cardiovascular disease in postmenopausal 
women. 


The initiation of HRT in women well past menopause is unwise. However, low-dose HRT may 
in fact have a beneficial cardiovascular profile when prescribed in perimenopausal women, 
although further study is indicated. The WHI found increased rates of stroke in women on HRT, 
but again, the strokes occurred in older women. An increase was not identified for women in 
their 50s, although the absolute rates were low, limiting power to discern a difference. Overall, 
50- to 59-year-old women receiving HRT in the WHI trial had only 70% of the mortality seen in 
nonusers, providing compelling evidence for benefit in the early menopausal years. 


Another controversial issue is the impact of HRT on breast cancer. The WHI indicated that 
estrogen-progestin combination therapy appears to be associated with an increase in the risk of 
breast cancer. For the estrogen-only arm in the WHI, however, the overall risk of breast cancer 
was lower; more specifically, ductal and localized cancer decreased, while lobular or tubular 
cancers (which are typically small, slow growing, low grade, and well differentiated) were more 
common. Because unopposed estrogen increases the risk of endometrial cancer, it should only be 
used in women who have had hysterectomy; otherwise, it should be combined with a progestin. 


Estrogen has a significant positive impact on bone mineral density, and the onset of menopause 
accelerates bone loss, often bringing on osteoporosis and consequent increased risk of vertebral, 
hip, and distal forearm fractures. The role of HRT in osteoporosis is covered in MKSAP 15 


Endocrinology and Metabolism. 


In summary, HRT provides symptomatic relief of hot flushes as well as vaginal atrophy and 
dryness, but the decision to treat must be individualized and weighed against potential risks, 
including thromboembolism and breast cancer. Overall, the risk-benefit ratio is greater for 
women closer to the start of menopause than for older women. 
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Abnormal Uterine Bleeding and Dysmenorrhea 


e Clinical Presentation and Evaluation 


e Management 
e Dysmenorrhea 
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Clinical Presentation and Evaluation 


Abnormal uterine bleeding can take many forms, including infrequent menses, excessive flow, 
prolonged duration of menses, intermenstrual bleeding, and postmenopausal bleeding. Normal 
menstrual cycles are typically consistent in ovulating women, with duration of flow of 4 days 
(range, 2-6 days) and cycle length of 28 days (range, 21-35 days). Abnormal uterine bleeding is 
one of the more common gynecologic problems seen by primary care physicians with an annual 
prevalence of 5% in women between 30 and 49 years of age. The differential diagnosis of 
abnormal uterine bleeding is broad and includes structural disorders, endocrine disorders, 
neoplasia, and bleeding disorders (Table 43). Amenorrhea and polycystic ovary syndrome are 
addressed in MKSAP 15 Endocrinology and Metabolism. 


When evaluating a patient with abnormal uterine bleeding, the clinician should attempt to 
quantify the patient’s menstrual flow by asking about the number of tampons or pads used. 
Typically, 10 to 15 pads or tampons are used during the course of a normal cycle. Twenty-five or 
more pads used on average indicate heavy menstruation. 


In all patients with abnormal bleeding, physical examination should include a pelvic examination 
and Pap smear. A bimanual pelvic examination may detect abnormal cervical or uterine 
anatomy, such as cervical polyps, neoplasia, or fibroids. Fibroids are the most common anatomic 
cause of menorrhagia and are often palpable on examination. If the patient is premenopausal, a 
pregnancy test should be obtained to rule out intrauterine pregnancy (amenorrhea) or an ectopic 
pregnancy or threatened abortion (abnormal bleeding). Laboratory testing may also include an 
assessment of thyroid function. In patients with anovulatory bleeding as determined by 
irregularity of periods (that is, the cycle length falls out of the normal range or cycle length 
varies by more than 10 days), measurement of prolactin levels is indicated, especially in the 
presence of galactorrhea. A platelet count, activated partial thromboplastin time, and bleeding 
time may be indicated in a patient with a history of excessive menstrual bleeding since 
menarche, a family history of bleeding disorders, easy bruising, or menorrhagia that is refractory 
to treatment. A bleeding diathesis is found in 17% of women referred for menorrhagia with no 
sign of anatomic abnormalities. 


If a bimanual pelvic examination suggests abnormal uterine anatomy or the patient’s body 
habitus makes a bimanual examination difficult, a pelvic ultrasound is indicated. Endometrial 
biopsy should be strongly considered in all patients with a hyper—estrogen-stimulation state 
(postmenopausal unopposed estrogen stimulation, polycystic ovary syndrome), although no 


guidelines currently address this. A referral for hysteroscopy and dilation and curettage also may 


be necessary. 


Table 43. Causes of Abnormal Uterine Bleeding by Age 


Cause 


Pregnancy 
Anovulation 


Stress 
Bleeding disorders 
Infection (cervical or vaginal) 


Pregnancy 


Malignancy (uterine, cervical, 
vaginal, or vulvar) 


Infection (cervical or vaginal) 


Cervical polyps, endometrial polyps 


Adenomyosis, fibroids 
Anovulation 

Bleeding disorders 
Endocrine abnormalities 


Ovarian or adrenal tumor 


Anovulation 

Endometrial hyperplasia and 
polyps; fibroids 

Malignancy (uterine, cervical, 
vaginal, or vulvar) 


Malignancy (uterine, cervical, 
vaginal, or vulvar) 


Atrophy of vaginal mucosa 
Estrogen replacement therapy 


Diagnostic Clues 


Menarche to teenage years 


Irregular or absent periods 


Cycle length falls outside normal range or varies by 10 days 


or more 
Physical or mental 
Associated with other sources of bleeding (gums, nose) 
Postcoital bleeding and/or vaginal discharge 
Teens to 40s 
Irregular or absent periods 
Postcoital bleeding and/or vaginal discharge 


Postcoital bleeding and/or vaginal discharge 
Dysmenorrhea 

Dysmenorrhea 

Irregular periods 

Associated with other sources of bleeding (gums, nose) 


Signs of hypothyroidism, diabetes, hyperprolactinemia, 
polycystic ovary syndrome 


New-onset virilization or hirsutism 
Perimenopausal 

Irregular periods 

Dysmenorrhea 


Postcoital bleeding and/or vaginal discharge 


Postmenopausal 
Postcoital bleeding and/or vaginal discharge 


Vaginal dryness, dyspareunia 
Estrogen withdrawal bleeding 
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Management 


Single anovulatory cycles may happen once or twice a year in women who are either close to 
menarche or close to menopause. Assuming pregnancy, hypothyroidism, and structural 
abnormalities have been ruled out, patients with excessive menstrual bleeding can be treated with 
high-dose estrogens (off-label use) to stop bleeding quickly. The patient is instructed to take all 
of the pills from a pack of estrogen-containing oral contraceptive pills for the particular weekday 
at one time (“Take all four Sunday pills at one time, all four Monday pills the next day, all four 
Tuesday pills the following day, etc.”), finishing the whole pack in 1 week. The patient is 
instructed that she should expect menstruation to slow and cease after the first few days. After 
finishing the pack, she should expect to have a large period that should end. This process should 
“reset” her menstrual cycles. She should call the physician if the expected outcome does not 
occur. Once excessive bleeding is controlled, options to control the amount of bleeding occurring 
with each cycle include cyclical progesterone, oral contraceptives, and levonorgestrel IUD (off- 
label use). According to a Cochrane Collaboration review, women prefer a progesterone- 
releasing IUD rather than cyclical progesterone therapy or oral contraceptive pills, each of which 
is efficacious in decreasing abnormal uterine bleeding. NSAID therapy before and during menses 
has been shown to be superior to placebo in decreasing heavy menses. 


As a general rule, a primary care physician should consult a gynecologist when: 


e There is no response to initial therapy 

e The cause of anovulation is unclear 

e Hospitalization is required 

e Gynecologic procedures are required for diagnosis or therapy 
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Dysmenorrhea 


Patients with a history of menstrual pain that begins within 1 to 2 years of menarche and 
sometimes worsens over time usually have primary dysmenorrhea, in which no pathologic cause 
for the menstrual pain exists. This symptom is in contrast to secondary dysmenorrhea, defined as 
menstrual pain for which an organic cause exists. An underlying cause for dysmenorrhea is 
likely in the setting of noncyclical pain, abnormal discharge, dyspareunia, or heavy or irregular 
bleeding. Primary dysmenorrhea is common, with prevalence rates estimated as high as 90%. 
Prostaglandins play a role in the pathophysiology of primary dysmenorrhea, and NSAIDs are an 
effective first-line therapy. For women who are not trying to conceive, OCPs are also effective 
therapy. A Cochrane systematic review has concluded that high-frequency transcutaneous 
electrical nerve stimulation (TENS) and vitamin Bı (100 mg/d) are also effective therapies for 
primary dysmenorrhea. Nitroglycerin may also decrease pain associated with dysmenorrhea. 
Typically, primary dysmenorrhea decreases after the first pregnancy. 


Secondary dysmenorrhea has many causes, including fibroids, adenomyosis, endometriosis, 
infections, adhesions, pelvic inflammatory disease, and uterine displacement. Treatment for 
secondary dysmenorrhea is directed toward the cause. 
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Vaginitis 


The three common causes of vaginitis are bacterial vaginosis, vulvovaginal candidiasis, and 
trichomoniasis, and these conditions often coexist. Laboratory studies for the evaluation of 
vaginitis are summarized in Table 44. 


Bacterial vaginosis is the most common cause of vaginitis, present in 29% of women, 50% of 
whom are asymptomatic. It is more prevalent in lower socioeconomic groups. It is not a disease 
caused by a particular organism, but has been termed an “imbalance” of normal flora, 
particularly between Lactobacillus and Gardnerella organisms. This imbalance creates a 
decrease in lactic acid and a less acidic vaginal milieu. Symptoms include a typical “fishy” odor, 
pruritus, and discharge. On vaginal examination, there is no evidence of inflammation, but a 
homogeneous, white, noninflammatory discharge that smoothly coats the vaginal walls is 
commonly observed. The pH is elevated (>4.5), the “whiff test” is positive (a fishy odor is 
present when potassium hydroxide is added to vaginal secretions), and “clue cells” are found on 
wet mount (Figure 18). Treatment is oral metronidazole, 500 mg twice daily for 1 week. There 
is currently no evidence to suggest that partners should be concomitantly treated. For a patient 
with recurrent bacterial vaginosis, prophylaxis includes metronidazole gel twice weekly and 
encouraging condom use. 


Yeast infection is the second most common cause of vaginitis, and most women have an 
occurrence at some time during their life. Candida albicans is part of the normal vaginal flora. 
Overgrowth is known to occur as a result of antibiotic usage and is more common in women 
with diabetes; however, it may also occur without a recognized provocation. Examination reveals 
a “cottage cheese” discharge and a normal vaginal pH (<4.5). A potassium hydroxide wet mount 
preparation may reveal the hyphae and spores of yeast, but this test is only 60% sensitive, and 
patients may be treated based on the appearance of the exudates and symptoms alone. Patients 
with recurrent episodes may self-treat with over-the-counter medications without consulting their 
physician. A single 150-mg oral dose of fluconazole provides high patient satisfaction but may 
be more costly than many over-the-counter treatments, such as miconazole or clotrimazole 
creams or vaginal suppositories. 


Trichomoniasis is a sexually transmitted disease, unlike the other two causes of vaginitis, and is 
responsible for fewer than 25% of cases of vaginitis. Trichomonas vaginalis is a flagellated 
protozoan. It is a fastidious organism and may be spread through shared moist objects (including 
bathing suits). Examination may reveal a green bubbly discharge and the prototypical 
“strawberry cervix.” The pH is very elevated (up to 6.0), and mobile trichomonads are usually 
visible on microscopy (100% specific). Treatment is oral metronidazole, 2 g in one dose for all 
infected nonpregnant women and symptomatic pregnant women. Most experts also recommend 


treating the partner to prevent recurrent infection, although actual trials of patient-delivered 
partner treatment are ongoing. 
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Figure 18. Clue cells. 


Table 44. Laboratory and Other Studies for Vaginitis and 
Cervicitis 


Test Notes 
Vaginal pH Normal pH is <4.5; blood, semen, cervical secretions may interfere with test; 
pH usually normal in candidiasis and >4.5 in bacterial vaginosis and 
trichomoniasis. 


“Whiff? teston Add 10% potassium hydroxide to vaginal secretions; test is positive if a fishy 
vaginal secretions smell is present (volatilization of amines produced by anaerobes); positive in 
bacterial vaginosis and sometimes in trichomoniasis. 


Microscopic Mix secretions in small amount of saline and observe using “high dry” 40x 
examination of lens. Note the presence of budding yeast and pseudohyphae, motile 
vaginal fluid trichomonads, and clue cells (squamous epithelial cells covered with bacteria 


whose edges are obscured). Observe number and type of bacteria: moderate 


numbers of large rods represent lactobacilli (normal flora); large numbers of 
coccobacilli or motile curved rods highly suggest bacterial vaginosis. 

Use of potassium hydroxide preparation may be helpful for yeast infection; 
demonstration of yeast infection is subject to sampling error; examination of 
repeated slide preparations can be helpful. 


Amsel criteria for Must have 3 of the following 4 signs: vaginal pH >4.5, positive “whiff” test, 
bacterial presence of clue cells, and homogeneous vaginal discharge. 
vaginosis 


Adapted from Schwebke JR. http://pier.acponline.org/physicians/diseases/d196/tables/d196- 
tables.html! (login required). In PIER (online database). Philadelphia: American College of 


Physicians, 2008. Accessed March 9, 2008. 
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Chronic Pelvic Pain 


Chronic pelvic pain (CPP) is pelvic pain that has been present for more than 6 months, lacks an 
apparent physical cause, and is accompanied by changes in behaviors involving sexual life, 
work, recreation, and/or mood. One study identified a point prevalence of 12% and a lifetime 
prevalence of 33%. Women with CPP are also more likely to have chronic somatic syndromes, 
such as fibromyalgia, low-back pain, and chronic headaches, as well as psychological conditions, 
such as depression and alcohol or substance abuse. A history of sexual abuse or domestic 
violence is quite common as well. 


Initial evaluation of CPP should include a history and physical examination, with psychological 
screening for depression, anxiety, and somatization. Attention should be paid to determining 
whether there is a pattern to the onset of pain, such as relation to meals, bowel movements, or 
menstrual cycle. The abdominal, pelvic, and rectovaginal examinations are particularly 
important, assessing for tenderness, masses, bleeding, or discharge. Urinalysis, complete blood 
count, and serum chemistries, as well as vaginal cultures and a transvaginal ultrasound, are all 
useful to rule out potential causes, with other studies needed only when indicated by the history 
and physical examination. The most commonly identified contributory conditions are 
endometriosis, interstitial cystitis, irritable bowel syndrome, and adhesions. In many patients, 
there are likely multiple factors, and most have no identifiable organic cause. CPP due to 
endometriosis (as well as adenomyosis) is often, although not always, cyclic, and is more likely 
to improve with hormonal therapy or hysterectomy. However, up to 30% of women presenting 
with CPP have already had a hysterectomy. CPP due to interstitial cystitis may improve with 
pentosan polysulfate sodium, although the evidence is modest. 


Treatment of CPP has largely proved ineffective in women with no identifiable underlying 
disorder, with no evidence of benefit for NSAIDs, antibiotics, antidepressants, or muscle 


relaxants. Extrapolation from other chronic pain syndromes suggests that cognitive-behavioral 
therapy may be the best approach; there is some evidence to suggest that it is beneficial for CPP, 
but additional studies are needed to confirm this. 
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Eye Disorders 


e RedEye 


e Macular Degeneration 
e Glaucoma 


e Cataract 
e Dry Eyes 


e Excessive Tearing 
e Eye Emergencies 


Key Points 


e Inpatients with a red eye, the presence of visual disturbance, photophobia, pupillary 
changes, decreased visual acuity, pain, or trauma should raise concern for a problem that 
requires urgent consultation with an ophthalmologist. 

e Hyperpurulent conjunctivitis in young, sexually active adults suggests gonococcal 
infection and requires culture and immediate ophthalmologic consultation. 

e Scleritis is an ophthalmologic emergency characterized by severe, constant, boring ocular 
pain that typically worsens with eye movement; photophobia; and a raised hyperemic 
lesion that may be focal or diffuse. 

e Age-related macular degeneration causes distorted vision and central visual field loss. 

e Neovascularization is the hallmark of wet age-related macular degeneration and can lead 
to rapid visual loss. 

e Smoking is a clear, modifiable risk factor for age-related macular degeneration. 

e Topical medications used to treat glaucoma have systemic side effects. 

e The peripheral visual field defects of glaucoma are asymptomatic and are not identified 
by the routine visual acuity checks in the primary care setting. 

e Routine perioperative medical consultation is unnecessary for patients undergoing 
cataract surgery with local anesthesia and perioperative sedation. 

e Most patients with dry eyes have a benign cause, but patients with connective tissue 
disease, Graves ophthalmopathy, or Bell palsy may develop corneal damage secondary to 
drying and are at risk for corneal infection. 

e Central retinal artery occlusion causes an abrupt, painless loss of vision and requires 
restoration of blood flow within 100 minutes. 

e Chemical burns to the eye should be irrigated copiously with fluid for at least 30 minutes, 
even while transporting the patient for definitive care. 

e Traumatic eye injuries must be protected with a shield while awaiting ophthalmologic 
intervention. 
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Red Eye 


e Clinical Presentation 
e Specific Conditions 
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Clinical Presentation 


The most common eye disorder in the ambulatory setting is the red eye. Most causes of red eye 
are readily apparent, benign, and self-limiting, but a few are manifestations of serious underlying 
disease. A systematic approach is needed to separate benign from serious causes. 


Historical features of importance in evaluating the patient with a red eye include the onset 
(abrupt or gradual), duration, presence and quality of ocular pain (foreign body sensation versus 
orbital or periorbital pain), recent trauma, recurrent symptoms (seasonally or otherwise), 
concomitant illness, underlying medical problems, and associated visual disturbance (Table 45). 
Physical examination findings that may help narrow the diagnosis include photophobia, 
localization and appearance of the erythema, unilateral versus bilateral eye involvement, skin 
eruptions (such as herpes zoster), and eye discharge (mucopurulent versus watery). The presence 
of visual disturbance, photophobia, pupillary changes, decreased visual acuity, pain, or trauma 
should raise concern for a problem that requires urgent consultation with an ophthalmologist. 
Nausea, vomiting, and other constitutional symptoms are not associated with benign disease and 
watrant immediate referral. 


Table 45. Historical Clues in the Diagnosis of the Red Eye 


Clue Suggested Comment 
Diagnosis 

Onset following use of Foreign body Inspect fornices, perform fluorescein test, and 
striking tools or sharp, consider referral. 
superficial pain 
Deep, aching pain; nausea; Acute angle- Check depth of anterior chamber. Emergency 
vomiting closure glaucoma referral. 
Pain with reading or Iridocyclitis or Inflammation confined to corneal limbus; 
photophobia keratitis corneal irregularity or edema. Emergency 

referral. 
Halos around lights or Keratitis, Inflammation confined to corneal limbus; 
decreased visual acuity iridocyclitis, corneal irregularity or edema; or narrow 

glaucoma anterior chamber. Emergency referral. 

Itching with mucoid or Allergic Diffuse conjunctival redness and other atopic 


watery discharge conjunctivitis symptoms. 


Upper respiratory tract Viral Adenovirus most common virus. 
infection followed by one, conjunctivitis 
then a second red eye 


Diffuse unilateral redness Bacterial Pneumococci most common bacteria. 

with morning crusting of conjunctivitis 

eyelashes 

Profusely purulent discharge Gonorrhea Systemic antibiotics and referral. 

in a sexually active adult 

Chronic red eye in a sexually Chlamydial Preauricular lymphadenopathy. Systemic 

active adult infection antibiotics and referral. 

Constitutional symptoms Keratitis, iritis, Consider collagen vascular diseases. 
scleritis 
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Specific Conditions 


e Conjunctivitis 

e Subconjunctival Hematoma 
e Episcleritis and Scleritis 

e Corneal Conditions 

e Tritis 

e Blepharitis 
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Conjunctivitis 


Conjunctivitis is the most common cause of red eye (Figure 19). Allergic conjunctivitis may be 
recurrent and seasonal and presents with itching, conjunctival edema, and cobblestoning under 
the upper lid. It usually responds to topical antihistamines, short-course topical NSAIDs (3 days 
maximum), and cool compresses. Topical corticosteroids may be used by an ophthalmologist for 
difficult cases. 


Bacterial conjunctivitis may be caused by staphylococcal, pneumococcal, gonorrheal, or 
Haemophilus species. Typical symptoms include a mucopurulent discharge from one or both 
eyes (often worse in the morning) and preserved visual acuity. Warm water soaks and gentle 
scrubbing with cotton balls or a clean washcloth may help relieve crusting. Most causes of 
bacterial conjunctivitis are self-limited, and with the exception of gonorrhea and chlamydial 
infection, the evidence for treatment with topical or systemic antibiotics is inconclusive. 


Viral conjunctivitis is highly contagious, and scrupulous handwashing and hygiene are necessary 
to prevent transmission to an unaffected eye or close contacts. Adenovirus is the typical agent, 
and patients may have bilateral eye involvement, prominent tearing, significant foreign body 
sensation, and enlargement of preauricular and/or submandibular nodes, which may be 
associated with pharyngitis and a fever (pharyngoconjunctival fever). When 
pharyngoconjunctival fever or keratoconjunctivitis is suspected, an ophthalmology referral 
should be considered, as adenovirus may involve the cornea. 


Herpes zoster infection may present with a unilateral red eye and represents an ophthalmologic 
emergency. Patients often have an associated headache or brow ache, which precedes the 
vesicular skin eruption in the distribution of the ophthalmic branch of the trigeminal nerve. 
Involvement of the tip of the nose (Hutchinson sign) is particularly serious, as the nasociliary 
nerve innervates this and the cornea. Untreated, herpes zoster ophthalmicus can lead to 
permanent blindness, and patients should be started on antiviral therapy (acyclovir, valacyclovir, 
or famciclovir) and immediately referred to an ophthalmologist. 


In young, sexually active adults, hyperpurulent conjunctivitis, characterized by copious purulent 
discharge, suggests gonococcal infection and requires culture and immediate ophthalmologic 
consultation. Gonococcal conjunctivitis is a potentially blinding disease and is treated with 
systemic and topical antibiotics. Chlamydial conjunctivitis should be suspected in patients with 
bilateral involvement, which may be chronic, that is associated with urethritis or salpingitis, and 
in those whose symptoms persist despite traditional treatment. Oral tetracycline is an effective 
therapy. 


Figure 19. Conjunctivitis. 


Allergic conjunctivitis (left): prominent cobblestoning of the palpebral conjunctiva is present. 
Bacterial conjunctivitis (center): the conjunctiva is diffusely erythematous with mucopurulent 
discharge. Viral conjunctivitis (right): the palpebral and bulbar conjunctivae are diffusely 
injected with pseudomembrane formation involving the palpebral conjunctiva. 


Images courtesy of Linda Lippa, MD, University of California, Irvine. 
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Subconjunctival Hematoma 


Subconjunctival hematomas (Figure 20) may result from straining or coughing; such lesions are 
painless and spontaneously resolve over 2 weeks. The history is critical because subconjunctival 
hematomas also may be caused by trauma or foreign bodies and be a sign of possible globe 
penetration, requiring immediate consultation with an ophthalmologist. 


Figure 20. Subconjunctival hematoma. 


A well-localized (nonpainful) superficial collection of extravasated blood is visible; the sclera 
and conjunctiva are not involved. 


Image courtesy of Linda Lippa, MD, University of California, Irvine. 
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Episcleritis and Scleritis 


Scleritis is characterized by severe, constant, boring ocular pain that typically worsens with eye 
movement; photophobia; and a raised hyperemic lesion, which may be localized or diffuse, that 
obscures the underlying vasculature. It is commonly associated with collagen vascular and 
rheumatoid diseases. Scleritis may progress to orbital rupture, and patients with scleritis should 
be urgently referred to an ophthalmologist for management while investigating for underlying or 
associated conditions. Episcleritis is characterized by a red, flat, more superficial lesion (Figure 
21) that allows visualization of the underlying vasculature and sometimes white sclera, and that 
usually is not painful. Episcleritis is typically a self-limited condition not associated with 
systemic disease. 


Figure 21. Episcleritis. 


Superficial dilated blood vessels are seen (nonpainful), with white sclera visible between the 
blood vessels. 


Image courtesy of Linda Lippa, MD, University of California, Irvine. 
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Corneal Conditions 


Patients with corneal involvement usually have a prominent foreign body sensation, excessive 
blinking and tearing, and may have visible pus in the anterior chamber (hypopyon). Corneal 
staining with fluorescein is helpful in diagnosing epithelial defects. Areas of bright-green 
staining denote absent or diseased epithelium. The use of a cobalt blue light enhances the 
fluorescein staining. 


Common corneal problems include keratitis (viral, bacterial, or noninfectious), ulceration, and 
abrasion. Corneal ulcers may appear as a white infiltrate (Figure 22), while abrasions may not be 
evident without ophthalmologic examination. Herpes simplex infection involving the cornea is 
characterized on fluorescein staining by dendritic branching, and these patients should be 
referred to an ophthalmologist. Corneal abrasions are usually the result of trauma and cause 
intense discomfort, tearing, and even blepharospasm and are typically associated with linear or 
geographic fluorescein staining. Eye patching is not necessary and symptoms usually resolve in 1 
to 2 days. 


Contact lens wearers who present with red eye must remove the lenses immediately. While 
lenses may cause an abrasion, if an ulcer is present or infection is suspected, patients should be 
referred to an ophthalmologist immediately to aid with culture and intensive treatment for 
possible pseudomonal infection. 


i 
Figure 22. Corneal ulcer. 


Corneal infiltrate (areas of whitened opacification) is visible, secondary to purulent cells in the 
corneal stroma. 


Image courtesy of Linda Lippa, MD, University of California, Irvine. 
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Iritis 


Inflammation of the anterior uveal tract (iris and ciliary body) is often referred to as iritis or 
iridocyclitis (Figure 23). Iritis may be caused by extension of an infection from another part of 
the eye or may be associated with underlying diseases, such as the seronegative 
spondyloarthropathies, sarcoidosis, herpes zoster, tuberculosis, or syphilis. Patients present with 
intense pain, photophobia, ciliary injection (redness at the junction between the cornea and 
sclera), and miosis. Patients should be referred to an ophthalmologist for management. 


Figure 23. Iritis. 
Injection extends to the limbus (corneal-scleral junction); pupil is irregularly shaped. 


Image courtesy of Linda Lippa, MD, University of California, Irvine. 
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Blepharitis 


Blepharitis is a chronic inflammation of the eyelid margin. Staphylococcal blepharitis leads to 
scales and crusts around the eyelashes; seborrheic blepharitis is characterized by dandruff-like 
skin changes and greasy scales around the eyelashes. Initial treatment of staphylococcal 
blepharitis includes topical antibiotics. The treatment for seborrheic blepharitis, and other forms 
of blepharitis once the underlying condition is controlled, is twice-daily gentle scrubbing of the 
lid margins with cotton tip applicators and a dilute solution of a nontearing shampoo. 
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Macular Degeneration 


e Pathophysiology 
e Clinical Presentation and Evaluation 


e Treatment 
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Pathophysiology 


Age-related macular degeneration (AMD) is a leading cause of blindness and visual impairment. 
AMD is a chronic, progressive disease affecting the macula, leading to central visual field loss 
and impairment of such crucial tasks as reading, driving, and recognition of faces. Peripheral 
vision is usually preserved. The underlying pathologic processes in macular degeneration are not 
fully understood, but likely represent both genetic and environmental factors. 


There are two types of AMD: atrophic or dry (80% of cases) and exudative or wet (20% of 
cases) (Figure 24). In dry AMD, there is geographic thinning and atrophy of the macula. Dry 
AMD usually affects both eyes, and the visual loss may be gradual. In wet AMD, the 
predominant process is choroidal neovascularization; new blood vessels form near the macula, 
which may bleed, leak fluid, and lead to scar formation. In wet AMD, visual loss is usually more 
rapid and profound, accounting for nearly 90% of the cases of severe visual impairment 
associated with AMD. 


In addition to increasing age, smoking is one of the few identified risk factors for AMD. The 
odds ratios for AMD-related retinal changes vary in smokers compared with nonsmokers from 
2.2 for women to 3.2 for men. Quitting smoking reduces the risk of developing AMD. 
Hypertension may play a role, but the benefits of blood pressure control are uncertain. Advanced 
AMD is more common among whites and possibly Chinese Americans. 


Dilated fundus examination by an ophthalmologist is the gold standard for diagnosing AMD. 
Obtaining risk factor information as part of the general history and physical examination may 
identify at-risk patients who should be scheduled for routine eye examinations. 


Figure 24. Age-related macular degeneration. 


Dry form (left), showing distinct yellow-white lesions (drusen) surrounding the macular region 
and areas of pigment mottling. Wet form (right), showing clumps of hyperpigmentation, 
hypopigmentation, and evidence of subretinal hemorrhage. 


Images courtesy of Edward A. Jaeger, MD, Jefferson Medical College, Wills Eye Institute, 
Philadelphia, PA. 
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Clinical Presentation and Evaluation 


In the early stages, AMD is often asymptomatic. Common symptoms, when present, include 
distortion of vision or a notable loss of central vision. Those with advanced AMD and profound 
visual loss may experience visual hallucinations (Charles Bonnet syndrome). The hallucinations, 
which are often self-limited, may also occur following photodynamic therapy. 


In both dry and wet AMD, drusen are common findings. Drusen are amorphous deposits behind 
the retina that lead to visual loss through direct (space occupying) and indirect (inflammatory 
response) means. A few small, hard drusen are common as people age, but numerous large, soft 
drusen are a harbinger of severe AMD. The drusen of AMD should not be confused with the 
common, normal finding of optic head drusen. 


PreviousNext 


Treatment 


There is no clear evidence to support any specific medication or supplement to prevent either the 
development of AMD or its progression in those with early AMD. Antioxidant and mineral 
supplementation may be mildly protective in preventing visual loss and disease progression in 
selected patients. In the Age-Related Eye Disease Study, there was a 6% absolute risk reduction 
in progression of visual loss over 6.3 years in patients taking antioxidants plus zinc. B-Carotene 
should be avoided in smokers, owing to an increased risk of lung cancer, and vitamin E should 
be avoided in patients with vascular disease and diabetes mellitus, owing to an increased risk of 
heart failure. 


More aggressive therapies are used for AMD with neovascularization. Photodynamic therapy is 
effective at slowing visual loss, but approximately 1 in 50 patients will respond with an abrupt 
decline in visual acuity. Laser photocoagulation destroys the neovascularization in AMD. It is 
effective in the long term (approximately 2 years) at preventing visual loss (number needed to 
treat = 6), but at the cost of significant early visual loss in some patients. External beam 
irradiation has not shown clear evidence of benefit. More recent efforts are focusing on 
medications with anti-angiogenic properties, such as pegaptanib sodium, which binds to vascular 
endothelial growth factor and is administered intravitreally every 6 weeks for at least 1 year. 
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Glaucoma 


e Clinical Presentation and Evaluation 
e Treatment 
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Clinical Presentation and Evaluation 


Primary open-angle glaucoma (POAG) is an insidious, progressive optic neuropathy associated 
with elevated intraocular pressure (IOP). POAG is the most prevalent form of glaucoma, 
affecting nearly 2.5 million people in the United States, with nearly 130,000 becoming blind as a 
result. It typically affects both eyes, although there may be asymmetric involvement. Ocular 
hypertension is the finding of elevated IOP (>21 mm Hg) without the associated optic 
neuropathy or visual field defects. Normotensive glaucoma is probably in the spectrum of 
POAG, with optic neuropathy and visual field defects but normal IOP. Angle-closure glaucoma 
is caused by obstruction of the outflow of aqueous humor from the anterior chamber (such as due 
to obstruction by the iris) with resultant increased IOP and optic neuropathy and visual field 
defects. 


POAG is typically asymptomatic, initially causing visual field loss in the peripheral vision before 
affecting the central vision, and may go unrecognized by patients for several years. Funduscopic 
findings include vertical extension of the central cup, disc hemorrhages, and an increased optic 


cup:disc ratio (>0.5). All of these findings are nonspecific, however, as they may be seen in those 
without glaucoma. 


There is no evidence from randomized, controlled trials to recommend for or against routine 
screening for glaucoma. Because glaucoma initially affects the peripheral vision, standard visual 
acuity testing in the primary care setting is unlikely to be helpful. Formal testing by eye care 
professionals is necessary and may be best targeted to those at higher risk: (1) African-American 
or African-Caribbean patients older than 40 years (prevalence of glaucoma 1.2%-11.3% versus 
0.9%-2.1% in white patients older than 40 years); (2) all other patients older than 64 years; (3) 
patients with a family history of glaucoma (begin screening at age 40 years); (4) those with a 
personal history of high IOP; and (5) those with myopia. 
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Treatment 


Although the treatment of glaucoma is in the realm of the eye care specialist, internists should be 
aware of the common medical and surgical treatments and their potential impact on coexistent 
medical conditions (Table 46). Medical therapy is the mainstay of treatment and currently 
consists predominantly of topical therapy. Treatment of ocular hypertension with topical agents 
to reduce IOP decreases the risk (OR = 0.62) of developing glaucomatous visual field defects. 


Surgical treatment for POAG consists of trabeculectomy or the Scheie procedure (iridectomy 
with a thermal sclerostomy). Trials comparing medication with surgical intervention have not 
been conducted with the most currently used medications. 


Table 46. Drug Treatment for Primary Open-Angle 
Glaucoma 


Agent Mechanism of Systemic Side Effects 
Action 

B-Blockers (timolol) Decreases Bradycardia, heart block, bronchospasm, 

inflow decreased libido, central nervous system 
depression, mood swings 

Nonselective adrenergic Improves Hypertension, headaches, extra systoles 

agonists (epinephrine) outflow and 
decreases inflow 

Selective o2-adrenergic Decreases Hypotension, vasovagal attack, dry mouth, 

agonists (brimonidine) inflow and fatigue, insomnia, depression, syncope, 
increases dizziness, anxiety 
outflow 

Parasympathomimetic agents Increases Increased salivation, increased gastric secretion, 


(pilocarpine, echothiophate outflow abdominal cramps, frequency, and shock 


iodide) 

Oral carbonic anhydrase Decreases Acidosis, depression, malaise, hirsutism, 

inhibitors (acetazolamide) inflow paresthesias, numbness, blood dyscrasias, 
diarrhea, weight loss, renal stones, loss of libido, 
bone marrow depression, hypokalemia, bad 
taste, increased serum urate 


Topical carbonic anhydrase Decreases Lower incidence of systemic effects compared 

inhibitors (dorzolamide) inflow with oral carbonic anhydrase inhibitors 

Prostaglandin analogues Increases Flu-like symptoms, joint and muscle pain 

(latanoprost) outflow 

Hyperosmotic agents Reduces vitreous Headache, heart failure, expansion of blood 

(mannitol) and aqueous volume, nausea, vomiting, diarrhea, electrolyte 
volume disturbance, renal failure 


Adapted from Smith OU, Seligsohn AL, Khan SJ, Spaeth GL. Primary open angle glaucoma. 
http://pier.acponline.org/physicians/diseases/d602/tables/d602-tables.html (login required). In 
PIER (online database). Philadelphia: American College of Physicians, 2009. Accessed July 7, 
2009. 
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Clinical Presentation and Evaluation 


Cataract, or any opacification of the otherwise optically clear lens behind the pupil and iris, is the 
most common cause of blindness and low vision worldwide. In the United States, the prevalence 
of cataract is approximately 17% in persons 40 years or older. Risk factors include older age, 
smoking, ultraviolet B radiation exposure, diabetes (two-fold risk), a family history of cataracts, 
and corticosteroid use (systemic, topical, ophthalmic); inhaled corticosteroids may increase 
cataract risk, but the evidence is unclear. 


Patients with cataracts may report glare, reduced visual acuity, loss of contrast, or monocular 
diplopia. On direct ophthalmoscopic examination, lens opacities may be observed, especially 
when using the magnifying lenses (green numbers). 


For cataract prevention, smoking cessation and ultraviolet B eye protection (sunglasses) may be 
beneficial. N-acetylcarnosine (NAC) has shown promise in early, but small, clinical trials. NAC 
is a powerful antioxidant applied topically that inhibits lipid peroxidation (a process thought to 
contribute to cataract formation) and is available without a prescription. 
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Treatment 


Treatment of cataracts is surgical removal, most commonly using phacoemulsification, in which 
an ultrasonic probe inserted through a small incision emulsifies the lens, which is then removed 
via suction, leaving the posterior capsule intact for placement of an intraocular lens. Indications 
for surgery include loss of visual acuity that impairs daily activities or a need to effectively 
evaluate and treat other eye diseases, such as diabetic retinopathy. Delaying indicated cataract 
surgery for more than 6 months has been associated with an increased risk of falls, reduced 
visual acuity, and worsening quality of life compared with those who have indicated surgery 
within 6 weeks. Routine perioperative medical consultation is usually unnecessary for patients 
undergoing cataract surgery with local anesthesia and perioperative sedation. 


Complications from cataract surgery are rare (<2%) but include ongoing pain and inflammation, 
which may last for weeks, and impaired visual acuity owing to corneal edema or cystic macular 
edema. Endophthalmitis is a serious complication that requires prompt ophthalmologic 
evaluation (see Eye Emergencies). The most common late complication is opacification of the 
posterior capsule (up to 25% of eyes), which can be treated with laser capsulotomy. 


PreviousNext 
Dry Eyes 


Dry eyes affect 8% to 14% of adults and may be a manifestation of local or systemic disease. 
Dry eyes result from either decreased tear secretion or increased evaporation, which can lead to 
pathologic changes (keratoconjunctivitis sicca). Decreased tear secretion may originate in the 
lacrimal gland (Sjögren syndrome, rheumatoid arthritis, systemic lupus erythematosus) or result 
from decreased corneal sensation. Decreased corneal sensation may result from diabetes 
mellitus, herpes zoster infection, or following a laser-assisted intrastromal keratomileusis 
(LASIK) procedure; decreased corneal sensation can lead to dry eye by reducing a reflex arc that 
stimulates tear production. Increased evaporation results from an increased palpebral distance 
(Graves disease) or meibomian gland dysfunction. Dry eye symptoms begin gradually over 
weeks to months, progressing to a persistent sandy, gritty, or burning sensation. Symptoms 
typically worsen as the day progresses, are aggravated by irritants such as smoke and low 
humidity, and relieved with eye closing and humidity. In most patients, the condition is annoying 
but rarely leads to serious problems. Occasional patients with connective tissue disease, Graves 


ophthalmopathy, or Bell palsy may develop corneal damage secondary to drying and are at risk 
for corneal infection. 


Systemic symptoms (dry mouth, fatigue, arthralgia) may suggest Sjögren syndrome or 
rheumatoid arthritis and prompt further serologic testing. The lid should be examined for 
inflammation or acne rosacea (meibomian gland dysfunction) and increased palpebral width 
(>10 mm) or incomplete closure of the eye (Graves disease, Bell palsy). The Schirmer test 
screens for adequate tear production: a filter paper strip is placed in the lower conjunctival sac 
and the eyes are closed; less than 5 mm of wetting after 5 minutes is abnormal. 


Treatment of dry eye involves suppressing inflammation and addressing lid pathology. Artificial 
tears 4 times daily and a nighttime lubricant are beneficial for patients with incomplete lid 
closure. Warm compresses for 5 minutes in the early morning and mid-afternoon may provide 
significant relief. Lid inflammation may respond to an oral tetracycline, which has anti- 
inflammatory properties. Gentle scrubs with dilute, nontearing shampoo may relieve meibomian 
gland dysfunction or meibomitis. Topical corticosteroids can improve symptoms within days, but 
long-term side effects (cataracts, increased IOP) limit long-term use. Topical cyclosporine 0.05% 
is a potent anti-inflammatory medication that targets the underlying inflammatory process and 
appears to be safe for long-term use in patients with keratoconjunctivitis sicca. 
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Excessive Tearing 


Excessive tearing results from overproduction (lacrimation) or impaired drainage (epiphora). 
Overproduction is usually intermittent, bilateral, and without discharge. Epiphora is usually 
unilateral, frequent or constant, and may be associated with pain, edema, erythema, or frank 
infection (dacryocystitis) in the medial canthus or lacrimal sac. 


Examination should include the cornea and conjunctiva for evidence of foreign bodies; the lids 
(and facial muscles) for ectropion (eversion) of the lower lid or inability to close the lids; the 
medial canthus for tenderness, inflammation, or even extrusion of pus from the punctum 
(suggesting infection); and the nasal cavity to determine whether the region of the middle and 
inferior turbinates is patent for tear drainage. Referral to an ophthalmologist for further 
evaluation is often necessary. Treatment involves correcting the underlying condition (such as 
systemic antibiotics for dacryocystitis) or surgical intervention for outflow obstructions and 
strictures. 
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Eye Emergencies 


The outpatient management of various ocular emergencies is summarized in Table 47. 


Central retinal artery occlusion (CRAO) classically presents in a 50- to 70-year-old patient as a 
painless, abrupt loss of vision that occurs in the early morning hours—usually between midnight 
and 6 AM and second most commonly between 6 AM and noon. It results from an embolic or 
thrombotic event in the ophthalmic artery. It may occur as a complication of coronary 
angiography or ocular trauma or from an underlying condition, such as giant cell arteritis, 
systemic lupus erythematosus, homocystinemia, a patent foramen ovale, or posterior scleritis. 


On examination of patients with CRAO, the patient’s visual acuity is markedly diminished in the 
affected eye to either finger counting or light perception. There is an afferent papillary defect. On 
funduscopic examination, the retina appears pale, although the fovea may appear as a cherry red 
spot because the darkly pigmented choroid is more visible in this region (Figure 25). Because 
irreversible loss of vision may occur within 100 minutes of symptom onset, immediate therapy is 
necessary in addition to emergent ophthalmologic consultation. Ocular massage for 15 minutes 
(repeated direct pressure and release on the eyeball) should be attempted, as this may allow the 
causative plaque or clot to migrate more distally. 


Giant cell arteritis may result in abrupt loss of vision due to thrombosis, most commonly of the 
posterior ciliary artery or the ophthalmic artery. In a patient with sudden vision loss and signs 
and symptoms of giant cell arteritis (headache in a patient >50 years, tenderness over the 
temporal artery, jaw claudication, symptoms of polymyalgia rheumatica, elevated erythrocyte 
sedimentation rate), treatment with systemic corticosteroids must begin promptly and not be 
delayed while awaiting biopsy or referral to an ophthalmologist, as visual loss may be permanent 


(see MKSAP 15 Rheumatology). 


Chemical burns pose an immediate threat to vision. Alkali burns, which can be caused by lye, 
drain cleaners, fertilizers, and firecrackers, are the most serious and can rapidly cause corneal- 
scleral melting. Emergency treatment in the office includes immediate and copious irrigation, 
which must be continued while the patient is transported to the emergency department or an 
ophthalmologist. Acid burns can also cause serious corneal damage, and initial management also 
consists of irrigation. Base should never be used to neutralize acid, and vice versa. 


Globe trauma can range from blunt to penetrating trauma from a variety of projectiles, such as 
metal, rock, or glass. Failure to recognize globe penetration can lead to endophthalmitis, a 
serious infection of the globe. A blowout fracture results from direct trauma to the eyeball in 
which the force of the blow is transmitted through the floor of the orbit, resulting in the eyeball 
being trapped in the maxillary sinus; physical examination findings include the orbit being 
posterior and inferior but in the eye socket and an inability to perform an upward gaze (Figure 
26). 


When trauma is suspected, the globe must be protected from further injury with a shield; the 
bottom half of a paper cup taped in place will suffice if a shield is not available. CT scanning of 
the orbits may be needed to fully define the extent of trauma or presence of foreign bodies. 
Systemic antibiotics should be targeted to likely organisms (streptococcal and staphylococcal 
species; gram-negative organisms and fungi in trauma caused by organic material; Pasteurella 
species in trauma from cats). 


Angle-closure glaucoma is characterized by narrowing or closure of the anterior chamber angle, 
which impedes the trabecular drainage system in the anterior chamber, resulting in elevated 
intraocular pressure and damage to the optic nerve. In susceptible individuals, rapid increases in 
intraocular pressure can be triggered by abrupt dilation of the eyes from topical medications, 
systemic medications such as sulfa derivatives or topiramate, or by moving from brightly to 
dimly lit environments. Typical signs and symptoms include significant pain, diminished visual 
acuity, seeing halos around lights, a red eye, headache, and a dilated pupil. The globe may feel 
firm owing to increased intraocular pressure (often to 30 mm Hg or higher). 


Retinal detachment is a separation of the neurosensory layer of the retina from the choroid 
beneath (Figure 27). It may result from trauma or occur spontaneously, particularly in persons 
with myopia. Symptoms include diminished vision, photopsia (flashes of light), abrupt onset of 
multiple floaters in the vision, or metamorphopsia (wavy vision). Direct ophthalmoscopic 
examination may help identify a detachment, but referral to an ophthalmologist is necessary. 


Infections involving the eye include endophthalmitis, an intraocular infection that can occur as a 
complication of eye surgery (developing several days after the procedure), as a result of globe 
penetration, or from hematogenous or local extension of an infection (for example, from the 
ethmoid or maxillary sinus). Preseptal and periorbital cellulitis may result from direct trauma, 
contiguous skin infection, or sinusitis; CT or MRI may be necessary to assess for deep 
infections. Orbital cellulitis may result from a dental, soft tissue, or ethmoid sinus infection; 
direct trauma; or hematogenous spread. Untreated, orbital cellulitis can result in meningitis or 
cavernous sinus thrombosis. 


Figure 25. Central retinal artery occlusion. 


Central retinal artery occlusion (CRAO) (deft); normal fundus (right). In comparison to the 
normal fundus, note the pale fundus in the eye with CRAO. 


Image courtesy of Linda Lippa, MD, University of California, Irvine. 


Restricted vertical 


movement 
4 or AS Subconjunctival 


~~ hemorrhage 


ee, 
z Swollen lid 
Ve 


Loss of sensation 


Ipsilateral nose bleed 


Figure 26. Blowout fracture. 
Signs of a left orbital blowout fracture (patient looking upward). 


Reprinted with permission from Khaw PT, Shah P, Elkington AR. Injury to the eye. BMJ. 
2004;328(7430):38. [PMID: 14703545] Copyright 2000, BMJ Publishing Group Ltd. 


Figure 27. Retinal detachment. 
Folding and tearing of the retina characteristic of retinal detachment. 


Image courtesy of Edward A. Jaeger, MD, Jefferson Medical College, Wills Eye Institute, 
Philadelphia, PA. 


Table 47. Diagnosis and Initial Outpatient Treatment of 
Ocular Emergencies 


Disorder Signs and Symptoms Initial Treatment 
Mechanical Normal or damaged cornea; irregular or Leave embedded foreign object 
injury to the deviated pupil toward the direction of injury; in place; avoid direct pressure 
globe hyphema; red eye/subconjunctival on orbit; protect with eye shield; 


hemorrhage in the area 360 degrees around tonometry contraindicated 
the cornea; moderate to severe pain; normal 


Chemical injury 


Central retinal 
artery occlusion 


Acute angle- 


or decreased vision 


Cornea may have minor epithelial damage or 
be opaque; moderate to severe pain; blurred 
vision; reflex blepharospasm; photophobia; 
sensation of foreign body; red 
eye/conjunctiva 


Sudden, painless transient or permanent 
visual loss: onset often in early morning 
hours; patient age 50-70 years; clear cornea; 
attenuation of the retinal arteries; red 
eye/conjunctiva; pale fundus; pupil may be 
dilated and react poorly to light; afferent 
pupillary defect. Permanent visual loss 
possible within 100 min of symptom onset 


Acute onset to severe pain; blurred vision; 


closure glaucoma frontal headache; halos around lights; 


Retinal 
detachment 


Herpes zoster 
ophthalmicus 


Endophthalmitis 
(infectious) 


increased intraocular pressure; red 
eye/conjunctiva; mid-dilate and sluggish 
pupil; normal or hazy cornea 


Normal to peripheral or central vision loss; 
absence of pain; increasing floaters; 
unilateral photopsia; metamorphopsia; 
normal conjunctiva and cornea; normal pupil; 
pale, detached retina 

Tingling, pain in brow, lids, tip of nose, 
distribution of trigeminal nerve; vesicular 
skin eruption; red eye; cornea may be 
involved; involvement of tip of the nose 
(Hutchinson sign) confers a high risk of 
corneal involvement 


If postoperative, usually occurs within 6 


weeks of surgery (>6 weeks considered 
delayed) 


Decreased visual acuity; red eye/conjunctival 
injection; pain, photophobia; corneal 


Analgesia and antiemetics; 
update tetanus immunization 


Immediate referral to 
ophthalmologist 


Eye irrigation with normal 
saline or lactated Ringer 
solution (usually a minimum 1- 
2 L of fluid); continue eye wash 
on way to emergency 
department or ophthalmologist 


Immediate referral to 
ophthalmologist 


Reduce intraocular pressure 
with ocular digital massage, 
intravenous mannitol, oral 
acetazolamide, oral nitrates, or 
by laying the patient on his or 
her back 


Immediate referral to 
ophthalmologist 


Immediate referral to 
ophthalmologist 


Antitussives or antiemetics (if 
needed) 


Referral to ophthalmologist 
within 24 hours 

Begin antiviral agent (acyclovir, 
valacyclovir, or famciclovir) 


Urgent referral to 
ophthalmologist within 24 hours 


Immediate referral to 
ophthalmologist (for intravitreal 
antibiotic treatment) 


edema/opacification; hypopyon (pus in 
anterior chamber); symptoms of infection in 
adjacent structures or distant site 


Orbital or Preseptal: erythema, edema of lids, Intravenous antibiotics targeting 
preseptal periocular structures likely organisms 
cellulitis 

Orbital: eye pain, decreased visual acuity, Immediate referral/consultation 


pain with eye movement, unilateral proptosis, with ophthalmologist 
afferent pupillary defect 


Adapted with permission from Pokhrel PK, Loftus SA. Ocular Emergencies. Am Fam Physician. 
2007;76(6):829-836. [PMID: 17910297] Copyright 2007, American Academy of Family 
Physicians. 
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Ear, Nose, Mouth, and Throat Disorders 


Evaluation of Hearing Loss 
Tinnitus 

Otitis Media and Otitis Externa 
Cerumen Impaction 


Upper Respiratory Tract Disorders 


e Epistaxis 
e Oral Health 
e Temporomandibular Disorder 


Key Points 


e Hearing loss accompanied by ear pain and drainage is more likely to be conductive. 

e Hearing loss associated with dizziness and vertigo is more likely to be sensorineural. 

e Pulsatile tinnitus most often is vascular in origin and should prompt specialty referral and 
may require angiography. 

e Continuous tinnitus most often originates within the auditory system and is usually a 
consequence of sensorineural hearing loss. 

e Acute otitis media is characterized by middle ear effusion and signs of middle ear 
inflammation (erythema of the tympanic membrane). 

e Itis not known whether antibiotic use for acute otitis media in adults is associated with 
improved short or long-term outcomes. 

e Topical antimicrobials are the recommended treatment for uncomplicated acute otitis 
externa. 

e Necrotizing otitis externa is a serious complication of acute otitis externa that occurs 
when the infection spreads beyond the ear canal to the surrounding tissue, cartilage, and 
bone. 

e It is unnecessary to remove cerumen unless there is hearing loss or symptoms requiring 
visualization of the ear canal or tympanic membrane. 

e Noceruminolytic has been shown to be superior to any other ceruminolytic or to water or 
saline solution. 

e Antibiotics should usually not be prescribed for patients with suspected sinusitis unless at 
least two of the following features are present: symptoms lasting for more than 7 days, 
facial pain, and purulent nasal discharge. 

e Patients with suspected sinusitis who appear acutely ill, have fever, periorbital edema, or 
neurologic signs may have serious complications of sinusitis and should be evaluated 
further. 

e Physicians should always consider the possibility of coexisting asthma in patients with 
allergic rhinitis. 

e Intranasal corticosteroids are first-line therapy for allergic rhinitis and are superior to 
antihistamines. 

e Antibiotics are not recommended for group A B-hemolytic streptococcal pharyngitis in 
patients with only zero or one of the following features: fever, tender cervical 
lymphadenopathy, tonsillar exudate, and absence of cough. 

e Initial management of stable patients with epistaxis should included application of direct 
pressure to the septal area for up to 20 minutes. 

e Unclassified red or white lesions that persist for longer than several weeks should be 
referred for evaluation and biopsy. 

e Treatment of halitosis should be focused on brushing and flossing of teeth, regular dental 
care, increased water intake, cleaning dentures and bridges nightly, and avoiding foods 
and habits that worsen the problem. 


e Geographic, fissured, and hairy tongue are benign conditions that typically require simple 
reassurance without specific treatment. 

e Self-care strategies and hard or soft splints are equally effective in the initial treatment of 
temporomandibular disorder. 
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Evaluation of Hearing Loss 


The two basic types of hearing loss are conductive, which involves any cause that limits external 
sound from reaching the inner ear, and sensorineural, which involves the inner ear, cochlea, or 
auditory nerve. Patients with conductive hearing loss are likely to report simple hearing loss, to 
have ear pain, and to have drainage. Patients with sensorineural hearing loss have more trouble 
understanding speech, especially faint or high-pitched voices. In addition, hearing loss is more 
likely to be sensorineural if accompanied by tinnitus, dizziness, or true vertigo. Other important 
historical items include onset and progression; trauma, including noise and barotrauma; surgery; 
and family history. Table 48 lists common causes of hearing loss. 


A hearing evaluation can be performed by assessing the patient’s ability to hear a whispered 
voice (2 feet from the ear, with the examiner behind the patient and the examiner’s finger 
occluding and simultaneously rubbing the opposite external ear canal, the examiner whispers 
three numbers/letters after exhalation). Alternatively, an audioscope (a handheld combination 
screening audiometer and otoscope) can be used. The Weber and Rinne tests can help to 
distinguish conductive from sensorineural hearing loss. In the Weber test, a vibrating tuning fork 
is placed on the forehead, the crown, or the nose. If the sound is louder on the unaffected side, 
sensorineural hearing loss is suggested; if the sound is louder on the side with hearing loss, 
conductive hearing loss is suggested. The Rinne test is performed by touching the vibrating fork 
to the mastoid tip of each ear (to assess bone conduction) and then holding it over the external 
auditory canal (to assess air conduction). An abnormal Rinne test (hearing is better with bone 
conduction) is consistent with conductive loss and is more accurate than the Weber test in 
diagnosing conductive hearing loss. With normal hearing or sensorineural hearing loss, hearing 
is better with air conduction. Compared with audiometry, the sensitivity of the Rinne test is 
approximately 80%. 


Examination of the ear should include visualization of the tympanic membrane and 
pneumoscopy to evaluate its mobility. A nonmobile tympanic membrane may indicate fluid or a 
mass in the middle ear or retraction from negative middle ear pressure. 


If no obvious cause of hearing loss is found (such as cerumen impaction or otitis media), the 
patient should have formal audiologic testing. Patients with hearing loss of unclear etiology 
should be referred for otolaryngologic evaluation. Asymmetric sensorineural hearing loss not 
clearly due to Meniere disease should be evaluated with an MRI or CT scan of the posterior 
fossa and internal auditory canal to exclude acoustic neuroma and meningioma. 


Sudden sensorineural hearing loss (SSNHL) is an alarming problem that is defined as hearing 
loss occurring in 3 days or less. Patients often report immediate or rapid hearing loss or loss of 
hearing upon awakening. Ninety percent have unilateral hearing loss, and some have tinnitus, ear 
fullness, and vertigo. SSNHL constitutes a considerable diagnostic challenge because it may be 
caused by many conditions, including infection, neoplasm, trauma, autoimmune disease, 
vascular events, and ototoxic drugs. Immediate otolaryngologic referral is required. 
Improvement occurs in about two thirds of patients. Oral corticosteroids are usually given, 
although randomized trials differ in their conclusions regarding efficacy. 


Table 48. Differential Diagnosis of Hearing Loss 


Disease 


Otosclerosis 


Cholesteatoma 


Tympanic 
membrane 
perforation 


Foreign body 


Notes 
Conductive Hearing Loss 


Fixation of the stapes footplate eventually causes a conductive hearing loss. 
Affects both ears in most patients. Stapedectomy or stapedotomy are the 
standard treatments. A hearing aid may also be helpful. 


A middle ear mass composed of keratinized epithelial debris. Causes 
ossicular disruption or may impede the tympanic membrane’s capacity to 
vibrate. Usually presents as a pearly white mass. Any suspicion of 
cholesteatoma (whitish, middle ear mass; continually draining ear, over 
weeks to months) should prompt an otolaryngology consultation. 

A large tympanic membrane perforation prevents the tympanic membrane 
from vibrating normally. Most tympanic membrane perforations can be 
treated surgically. Rule out cholesteatoma. 


Foreign bodies may enter the external auditory canal and become impacted. 
Foreign bodies should be removed by an otolaryngologist. 


Cerumen impaction Cerumen may completely obstruct the ear canal. 


Infection 


Noise-induced 


Drug-induced 
Presbycusis 
Sudden 


sensorineural 
hearing loss 


Bacterial infection may involve the external ear (otitis externa) or middle ear 
(otitis media), thereby producing a conductive hearing loss. Chronic ear 
infections may produce tympanosclerosis or ossicular disruption, producing 
a conductive hearing loss. 

Sensorineural Hearing Loss 
Chronic noise exposure or sudden, short exposure to noise blast can produce 
hearing loss. Noise exposure produces temporary threshold shifts, which 
eventually become permanent. 
History of ototoxic medication use (aminoglycosides, loop diuretics, 
chemotherapeutic agents) 
Age-related hearing loss; typically high-frequency hearing loss that is 
symmetric with good speech discrimination scores. Hearing aids are the 
mainstay of therapy for presbycusis. 
Unclear etiology. Considered an otologic emergency because early 
treatment may improve prognosis. 


Meniere disease Classically presents as a triad of sensorineural hearing loss, tinnitus, and 
vertigo, although all three are not necessarily present. 
Electronystagmography and electrocochleography are important tests in the 
diagnosis, although history usually suggests the disorder. 

Vestibular Benign neoplasms that arise in the cerebellopontine angle, usually causing 

schwannoma sensorineural hearing loss, tinnitus, and sometimes vertigo. In advanced 

(acoustic neuroma) cases, facial nerve function is affected. 

Perilymph fistula Usually sudden onset of hearing loss accompanied by dizziness, with history 
of straining or trauma. Pneumatic otoscopy with bulb insufflation may cause 
dizziness (Hennebert sign), sometimes referred to as a “positive fistula test.” 


Inherited hearing Numerous genetic conditions (Waardenburg syndrome, Cogan syndrome) 


loss have sensorineural hearing loss as a component. 

Autoimmune An idiopathic form of hearing loss that is typically bilateral and progressive. 

hearing loss Thus far, corticosteroid treatment has been the only therapy with proven 
benefit. 


Information from Limb CJ, Williams MF. Hearing Loss. 
http://pier.acponline.org/physicians/diseases/d333/tables/d333-tables.html (login required). In 
PIER (online database). Philadelphia: American College of Physicians, 2009. Accessed July 7, 
2009. 
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Tinnitus 


Tinnitus is an auditory perception of sound that is not present in the external environment. It 
affects up to 7% of the U.S. population, with incidence increasing with age. Tinnitus is usually 
minor and is noted only in quiet environments, but for about 25% of patients it interferes with 
daily life, sometimes to a significant degree. 


Pulsatile tinnitus is often vascular in origin and may be due to an arteriovenous fistula, 
arteriovenous malformation, arterial aneurysm, tumor, or atherosclerotic disease. A head and 
neck examination should include auscultation for bruits over the neck, eyes, and around the ear. 
The effect of positioning of the head and neck and of arterial and venous compression on the 
tinnitus should be noted. Patients with frequent or constant pulsatile tinnitus should have 
otolaryngologic evaluation and may require CT, magnetic resonance, or interventional 
angiography. 


Tinnitus that is clicking may be caused by myoclonus of the palatal muscles or muscles of the 
middle ear and may be an indication of neurologic disease, including multiple sclerosis. Clicking 
from palatal myoclonus may be stopped with wide jaw opening. 


Continuous tinnitus most often originates within the auditory system and is usually a 
consequence of sensorineural hearing loss. A high-pitched continuous tone is most common. 
Low-pitched tinnitus may be seen in patients with Meniere disease. Other causes are noise 
exposure, ototoxic medications (Table 49), presbycusis, otosclerosis, acoustic neuroma, and 
barotrauma. Correcting a reversible cause of conductive hearing loss (such as cerumen impaction 
or otitis media) may eliminate tinnitus that results from attenuation of background sounds. 
Patients with continuous tinnitus should have audiologic testing and further evaluation if hearing 
asymmetry is present. 


Treatment of tinnitus should first be directed at the underlying disorder. For those with severe 
sensorineural hearing loss, cochlear implants may improve tinnitus. Other therapies include 
sound-masking devices and inducing habituation to tinnitus. Behavioral therapies include 
biofeedback, stress reduction, and cognitive-behavioral therapy directed at improving the 
patient’s ability to cope with tinnitus. 


Table 49. Drugs that May Cause or Exacerbate Tinnitus 


Aminoglycoside antibiotics 

Antimalarial drugs (chloroquine, hydroxychloroquine) 
Benzodiazepines 

Carbamazepine 

Loop diuretics 

Quinidine 

Salicylates 

NSAIDs 

Tricyclic antidepressants 
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Otitis Media and Otitis Externa 


e Otitis Media 
e Otitis Externa 
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Otitis Media 


Otitis media is the most frequent bacterial infection in children, but it is much less common in 
adults. It is usually preceded by viral upper respiratory tract infection. The microbiology of otitis 
media in adults appears to be similar to that of children: Streptococcus pneumoniae: 21% to 
63%; Haemophilus influenzae: 11% to 26%; Staphylococcus aureus: 3% to 12%; Moraxella 
catarrhalis: 3%. Thirty percent of bacterial cultures of middle ear effusions are sterile. 
Complications of otitis media include conductive hearing loss from persistent middle ear 
effusion, tympanic membrane perforation, mastoiditis, and, rarely, meningitis or intracranial 
abscess. 


To diagnose acute otitis media, there should be a history of an acute onset, signs of middle ear 
effusion (using a pneumatic otoscope to document lack of tympanic membrane movement), and 
signs of middle ear inflammation (erythema of the tympanic membrane). Because the frequency 
of bacterial and viral pathogens cultured in bullous myringitis is similar for otitis media without 
bullae, bullous myringitis is probably not a separate clinical entity but rather otitis media with 
blisters on the tympanic membrane. 


Treatment of otitis media in adults has not been well studied. There are no guidelines for 
antibiotic use in adults separate from those for children. In children older than 2 years without 
severe illness, outcomes appear to be similar for observation without antibiotics compared with 
antibiotic treatment. This strategy to reduce use of antimicrobials has not been evaluated in 
adults, and it is not known if antibiotics are associated with improved short- or long-term 
outcomes. If antibiotics are used, amoxicillin is the recommended antibiotic because of its 
proven efficacy and safety, relatively low cost, and narrow spectrum. Cephalosporins (cefdinir, 
cefuroxime, cefpodoxime) or macrolides (azithromycin, clarithromycin) can be used in patients 
who are allergic to penicillin. In the case of treatment failure after 48 to 72 hours of initial 
management with an antibiotic, amoxicillin-clavulanate or ceftriaxone is recommended. 
Decongestants and antihistamines are not recommended. 
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Otitis Externa 


Acute otitis externa is diffuse inflammation of the external ear canal. Factors that predispose to 
otitis externa are regular cleaning of the ear canal with removal of cerumen, which is an 
important barrier to moisture and infection; debris from dermatologic conditions; local trauma 
from attempts at self-cleaning, irrigation, and hearing aids; and increased exposure to water. In 
the United States, nearly all external otitis is bacterial, primarily Pseudomonas aeruginosa and 
Staphylococcus aureus. Polymicrobial infection occurs in about one third of cases. 


Acute otitis externa usually has a rapid onset, typically within 48 hours but sometimes up to 3 
weeks. Symptoms include otalgia, itching or fullness with or without hearing loss, and pain 
intensified by jaw motion. Signs include internal tenderness when the tragus or pinna is pushed 
or pulled and diffuse ear canal edema and erythema, with or without otorrhea. Otitis externa can 
cause erythema of the tympanic membrane and mimic otitis media. In otitis externa, however, 
pneumatic otoscopy shows good tympanic membrane mobility. Conditions that may mimic otitis 


externa are an external canal furuncle; inflammatory dermatologic conditions such as eczema 
and seborrhea; contact dermatitis of the ear and ear canal from ear drops, earrings, or hearing 
aids; and herpes zoster, which may cause the Ramsay Hunt syndrome (Figure 28), characterized 
by herpetic lesions in the external canal and ipsilateral facial palsy. 


The most serious complication of acute otitis externa is necrotizing otitis externa, which occurs 
when the infection spreads beyond the ear canal to the surrounding tissue, cartilage, and bone. 
The most common cause is P. aeruginosa, and it is most likely to occur in elderly patients with 
diabetes mellitus and immunocompromised patients. Patients suspected of having necrotizing 
otitis externa should be referred to an otolaryngologist; the diagnosis may require confirmation 
with CT or MRI. 


Topical antimicrobials for 7 days is the recommended treatment for acute otitis externa. A 
systematic review found no significant differences in clinical outcomes after use of antiseptic or 
antimicrobial preparations, fluoroquinolone antibiotic or nonfluoroquinolone antibiotic 
preparations, and corticosteroid-antimicrobial or antimicrobial-alone preparations. The 
combination corticosteroid-antimicrobial drops may relieve pain faster and may be considered in 
patients with more severe pain. 


Oral antibiotics should not be used for otitis externa unless the infection has spread beyond the 
ear canal or the patient has immunodeficiency, diabetes mellitus, a history of radiation to the ear, 
or occlusion of the ear canal precluding delivery of topical medication. The antibiotic choice 
should cover P. aeruginosa and S. aureus. Often an oral fluoroquinolone is appropriate. If the ear 
canal is obstructed, referral to an otolaryngologist for cleaning the canal or placing a wick may 
be warranted. 


Figure 28. Ramsay Hunt syndrome. 


The triad of ipsilateral facial paralysis, ear pain, and Herpes zoster vesicles in the auditory canal 
and auricle define the Ramsay Hunt syndrome. 
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Cerumen Impaction 


Cerumen is composed of the secretions of sebaceous and ceruminous glands located in the outer 
third of the external ear canal, mixed with desquamated epithelial cells, shed hairs, and foreign 


bodies. Normally, the ear canal is self-cleaning owing to the outward migration of the squamous 
epithelium from the tympanic membrane. Although the cause of cerumen impaction in most 
patients in unknown, it can be due to narrowing of the ear canal, occlusion by hearing aids, 
certain skin conditions, and inappropriate efforts to clean the ear canal (for example, with a 
cotton swab). Complete occlusion causes moderate conductive hearing loss. 


It is unnecessary to remove ear wax unless there is hearing loss or symptoms requiring 
visualization of the ear canal or tympanic membrane. Removal of cerumen from the outer third 
of the canal may be performed using an ear curet or spoon. This should be done under direct 
visualization and with care taken to avoid trauma to the skin. A cooperative patient is necessary. 
Gentle irrigation with water at body temperature is often effective, and direct visualization of the 
ear canal is not necessary for irrigation. The canal should be straightened during irrigation with 
gentle traction upward and backward on the external ear. If initially unsuccessful, it may be 
repeated after leaving water or a ceruminolytic in place for 15 to 30 minutes. If the initial attempt 
to clear the canal is unsuccessful, the patient can use a ceruminolytic for several days, followed 
by another trial of irrigation. Otolaryngology referral may be appropriate in selected patients. A 
recent systematic review concluded that no ceruminolytic has been shown to be superior to any 
other ceruminolytic or to water or saline solution. For patients with frequent cerumen impaction, 
weekly or monthly use of several drops of mineral oil, olive oil, or other emollient in the external 
canal will keep cerumen softer and facilitate the normal cerumen elimination mechanism. 
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Upper Respiratory Tract Disorders 


e Sinusitis 
e Allergic Rhinitis 
e Pharyngitis 
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Sinusitis 


Sinusitis, also called rhinosinusitis, represents one of the most common reasons for office visits 
in the United States. Sinusitis is responsible for 25 million office visits annually, and a primary 
care physician may see 50 or more cases per year. Although most patients do not have a 
confirmed diagnosis or proven bacterial cause, 92% of patients receive an antibiotic. The 
consequences of unnecessary antibiotic use are $2.4 billion per year in costs and increasing 
antibiotic resistance. The term acute sinusitis describes cases with a duration of symptoms of less 
than 4 weeks. Recurrent sinusitis is defined as more than three episodes per year, and chronic 
sinusitis is defined as the presence of symptoms for more than 12 weeks. 


The symptoms of acute sinusitis include nasal congestion, rhinorrhea, and facial pain; more 
severe infections may include fever and malaise. Most infections are viral in origin, with only 
0.5% to 2% having a bacterial cause. Typical organisms include Streptococcus pneumoniae, 
Haemophilus influenzae, and, occasionally, Moraxella catarrhalis. The gold standard for 
diagnosis of bacterial sinusitis is sinus aspiration with culture-positive purulent material. In some 
studies, radiologic diagnosis correlates well with direct aspiration. However, neither radiography 
nor aspiration is typically indicated in primary care practice. Imaging, including CT, should be 
considered in patients with AIDS or in other immuno- compromised patients to evaluate for 
fungal infection or other atypical infections. 


Various clinical criteria have been proposed to predict the likelihood of true sinusitis among 
suspected cases. One such clinical prediction rule assigns one point each for maxillary toothache, 
history of colored nasal discharge, no improvement with decongestants, abnormal 
transillumination, and purulent secretion on examination of the nares. The overall probability of 
radiographically confirmed sinusitis is 37%, and patients with 3, 4, and 5 points have 
approximately 60%, 80%, and 90% probability of sinusitis, respectively. 


Antibiotics have been found to have little, if any, role in the treatment of acute sinusitis in the 
primary care setting. Nonetheless, some current guidelines conclude that antibiotics (amoxicillin) 
are reasonable if at least two of the following features are present: symptoms for longer than 7 
days, facial pain, and purulent nasal discharge. A recent review concluded that after 10 days of 
rhinosinusitis symptoms, antibiotic therapy and watchful waiting are equally acceptable. In 
penicillin-allergic patients, doxycycline or trimethoprim-sulfamethoxazole may be used. No 
well-designed, randomized studies have addressed the efficacy of sinus irrigation, nasal sprays, 
or other nondrug therapies, but they are often prescribed. Their effectiveness is unknown. 
Endoscopic sinus surgery with lavage and drainage may be indicated in refractory infections. 


Complications of acute sinusitis are unusual but important to recognize and treat promptly. 
Patients with cavernous sinus thrombosis are acutely ill and may have fever, nausea, vomiting, 
headache, orbital edema, or cranial nerve involvement. Osteomyelitis presents with fever, 
leukocytosis, frontal headache, and edema over the affected frontal sinus (Pott puffy tumor). 
Brain abscess should be suspected in patients with headache, vomiting, and neurologic signs. In 
patients with fever, stiff neck, headache, photophobia, vomiting, or seizures, bacterial meningitis 
should be suspected. Consultation is indicated when any of the above complications is suspected. 
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Allergic Rhinitis 


Allergic rhinitis is characterized by nasal congestion, rhinorrhea, sneezing, and itchiness due to 
inflammation of the nasal mucosa. Allergic rhinitis is a common problem, accounting for more 
than $2 billion in health care expenditures in the United States annually. Allergic rhinitis is seen 
in patients with atopy (one or more findings of allergic rhinitis, asthma, or atopic eczema) or a 
family history of allergic rhinitis. Typical outdoor allergic triggers include pollen and molds. 
Indoor allergens include house mites, molds, and pet dander. Occupational exposures can be 


irritants or allergic triggers. Nonallergic rhinitis (vasomotor or irritant rhinitis) is similar in 
frequency to allergic rhinitis and is caused by increased sensitivity to irritants in the air. The 
pathophysiology is less clear than that of allergic rhinitis, but the chemical mediators that result 
in symptoms are similar. Other causes of rhinitis include viral infection, pregnancy, 
hypothyroidism, decongestant overuse, and vasculitis (Table 50). 


When evaluating the patient with allergic rhinitis, the history should include questions about 
seasonal occurrence, color of mucus, nasal obstruction (unilateral or bilateral), eye symptoms, 
coughing, and wheezing. Lower respiratory tract symptoms may suggest concomitant asthma. 
Additional historical items that are important in distinguishing allergic from nonallergic rhinitis 
include information about occupational exposures and medications, including aspirin, NSAIDs, 
and systemic and local decongestants that can be associated with symptoms of rhinitis. Important 
physical examination findings relevant to allergic rhinitis include a horizontal nasal crease (in 
children, from pushing upward on the nose), a widened nasal bridge (seen in nasal polyposis), 
and darkness under the eyes (due to venous engorgement). Nasal polyps, due to prolapsed 
inflamed nasal or sinus mucosa, can be seen as yellowish gray nodules that are separate from the 
side wall of the nose. A depressed nasal bridge is seen in patients with cocaine abuse and 
Wegener granulomatosis (types of nonallergic rhinitis). 


Skin prick tests remain the most cost-effective and specific diagnostic method to confirm allergic 
rhinitis. Serum immunoassays for allergen-specific IgE (cap-radioallergosorbent [CAP-RAST] 
tests) are available, but they are more expensive and less sensitive than skin tests. Nasal secretion 
Wright smear may help differentiate allergic rhinitis (predominance of eosinophils) from 
infection (predominance of neutrophils), but the specificity of this test is poor. If rhinitis is 
persistent, spirometry should be performed to evaluate for asthma. If the spirometry results are 
consistent with asthma (partially reversible airflow obstruction), further evaluation and treatment 
of asthma should be initiated according to the National Asthma Education and Prevention 
Program of the National Heart, Lung, and Blood Institute. 


Topical nasal corticosteroids are first-line therapy for allergic rhinitis. Fluticasone and 
mometasone have minimal systemic side effects. Topical corticosteroids are considered safe in 
pregnancy after the first trimester. Second-generation (nonsedating) antihistamines can be used 
as additional therapy or alone for mild symptoms. Topical azelastine improves nasal congestion, 
but it is less effective at improving other symptoms. Ipratropium bromide is effective for severe 
rhinorrhea. Nasal saline irrigation has been shown to relieve symptoms and may be most helpful 
for patients with concomitant sinusitis. 


Montelukast has been approved for the treatment of allergic rhinitis, but its effectiveness is 
limited. Topical cromolyn has some effectiveness but needs to be used every 4 hours. Rarely, 
systemic corticosteroids may be needed for patients with severe rhinitis. Subcutaneous allergen 
immunotherapy, using extracts of pollen, house dust mites, and animal dander, is effective for 
patients with confirmed allergic rhinitis who do not respond to the above therapies. 


Patient education should include information about avoiding allergens, proper use of nasal 
sprays, the long-term nature of the condition, and the limitations of therapy. Avoiding pets may 


be helpful, but it takes months for cat allergens to be cleared from the home. Mite-proof bed 
covers have not been proved to be effective as a single measure. 


The most consistently effective treatments for chronic nonallergic rhinitis are topical intranasal 


corticosteroids, topical intranasal antihistamines, and topical ipratropium bromide; however, 
nonallergic rhinitis is less responsive to therapy than allergic rhinitis. 


Table 50. Differential Diagnosis of Allergic Rhinitis 


Disease Notes 
Rhinitis in pregnancy Hormonal changes in pregnancy can cause nasal congestion. 
Hypothyroidism Resolves with treatment of hypothyroidism. 


Hypertrophic turbinates or Causes of fixed obstruction. Physical examination and endoscopy 

adenoids, foreign body, helpful. Lateral neck radiograph, sinus CT may be helpful. Tumors 

nasal tumors can be benign or malignant. Hypertrophic adenoids and foreign 
bodies seen more in children than in adults. 


Wegener granulomatosis Usually accompanied by systemic illness. Can cause nasal ulceration 
or chronic sinusitis. 


Sarcoidosis Usually accompanied by systemic illness. Causes granulomatous 
inflammation. 

Sjögren syndrome May cause nasal dryness and eye irritation. Sicca syndrome can 
cause rhinitis and conjunctivitis. 

Cerebrospinal fluid History of trauma or surgery may be present. Head CT or MRI for 

rhinorrhea diagnosis. May require surgical correction. Screening by fluid 
glucose level of nasal secretions. 

Cystic fibrosis Younger age group, nasal polyposis, or chronic sinusitis present. 
Sweat chloride test of choice. 

Vasomotor rhinitis Allergy skin tests negative or positive without correlating history. 
Nonseasonal. 

Nasal polyposis Causes obstruction and rhinorrhea. Seen on physical examination or 
rhinoscopy. 

Sinusitis Infectious or inflammatory. May be difficult to distinguish from 


allergic rhinitis, or may coexist with allergic rhinitis. 
Deviated nasal septum Causes fixed obstruction. May cause unilateral symptoms. 
Rhinitis medicamentosa Refractory nasal congestion. Overuse of topical nasal decongestants. 


Adapted from Li JT. Allergic rhinitis. 
http://pier.acponline.org/physicians/diseases/d095/tables/d095-tables.html (login required). In 
PIER (online database). Philadelphia: American College of Physicians, 2009. Accessed July 7, 
2009. 


PreviousNext 
Pharyngitis 


Acute pharyngitis accounts for 1% to 2% of all visits to physician offices. Pharyngitis may 
present as a primary symptom or as a component of a constellation of upper respiratory tract 
symptoms. The differential diagnosis of sore throat includes viral and bacterial pharyngitis, 
irritation from posterior pharyngeal drainage of mucus, and gastroesophageal reflux disease. 
Most patients with pharyngitis presenting to a primary care physician have a viral illness due to 
rhinovirus, adenovirus, coronavirus, or Epstein-Barr virus. The physician’s task is to differentiate 
these patients from those who have bacterial infections and require antibiotic treatment, mainly 
group A B-hemolytic streptococcal (GABHS) infection. Pharyngitis caused by Neisseria 
gonorrhoeae requires antibiotic treatment and there is some evidence that non-GABHS 
streptococcal organisms (for example, group C or G) can cause symptomatic disease and should 
also be treated with antibiotics. 


Physicians should consider infectious mononucleosis in patients with fever, headache, palatine 
petechiae, marked lymphadenopathy (especially posterior cervical or diffuse), splenomegaly, and 
malaise. HIV infection should be considered in patients at risk for this disease. Pharyngitis due to 
N. gonorrhoeae should be suspected in individuals who have engaged in oral-genital sex, but the 
appearance of the pharynx has no characteristic features. Pharyngitis due to Corynebacterium 
diphtheriae should be suspected if the characteristic gray membrane is seen during inspection of 
the pharynx. The appearance of non-GABHS streptococcal pharyngitis is indistinguishable from 
GABHS. 


Use of the four-point Centor criteria is a reasonable way to triage patients to empiric treatment 
with antibiotics, symptomatic treatment only, or testing with treatment if the test is positive 
(Table 51). One point is given for each of the following: fever (subjective or measured >38.1 °C 
[100.5 °F]), absence of cough, tender anterior cervical lymphadenopathy, and tonsillar exudates. 
Patients with all four criteria have a 40% or greater chance of having GABHS pharyngitis; 
patients with zero or one criterion have a low (<3%) probability of GABHS pharyngitis. Patients 
with two or three criteria have an intermediate probability of GABHS pharyngitis; for these 
patients, some guidelines recommend throat culture and others recommend the rapid antigen 
detection test (RADT) with confirmation of negative results. The advantage of RADT is the 
immediate availability of the results. RADT has comparable sensitivity and specificity to throat 
culture. The throat swab for either culture or RADT should be obtained from both tonsils or 
tonsillar fossae and the posterior pharyngeal wall. A recent analysis of all current 
recommendations concluded that empirically treating all patients with Centor scores of three or 
four would optimally balance potential over- and undertreatment of patients in these categories. 
Use of the Centor criteria would decrease antibiotic usage from 73% to 35%. 


The treatment of choice for GABHS pharyngitis is penicillin V (500 mg twice daily for 10 days) 
or, in penicillin-allergic patients, erythromycin. Antibiotic therapy instituted within 2 to 3 days of 
symptom onset decreases symptom duration by 1 to 2 days if GABHS is confirmed, but this 
effect is not seen in GABHS-negative patients. Tonsillectomy in patients with recurrent GABHS 


pharyngitis (three or more episodes of pharyngitis in 6 months or four episodes in 12 months) is 
associated with decreased recurrence of GABHS pharyngitis and fewer days of sore throat pain. 


Complications of untreated GABHS pharyngitis include peritonsillar abscess (“quinsy”), 
poststreptococcal glomerulonephritis, and rheumatic fever. About half of patients with 
peritonsillar abscess present first with this complication; among those who present first with sore 
throat and then develop peritonsillar abscess, only one quarter have GABHS pharyngitis. 
Poststreptococcal acute glomerulonephritis is very rare, and there are no studies showing that 
antibiotics prevent this complication. Rheumatic fever is rare in adults. The number needed to 
treat to prevent one case of acute rheumatic fever was approximately 63 in initial studies but is 
probably closer to 3000 today. Treatment to prevent rheumatic fever can be delayed for up to 9 
days after the onset of symptoms. 


Table 51. Testing and Treatment Guidelines for Adult 
Pharyngitis 


Centor Score” Recommended Testing Treatment 
0 No test No treatment 
1 No test No treatment 
2 RADT Penicillin V if test is positive 
3 No test” Empiric penicillin V” 

RADT Penicillin V if test is positive 
4 No test Empiric penicillin V 


RADT = rapid antigen detection test. 


“One point is given for each of fever, absence of cough, tender anterior cervical lym- 
phadenopathy, and tonsillar exudates. 


Strategy endorsed by Centor RM, Allison JJ, Cohen SJ. Pharyngitis management: defining the 
controversy. J Gen Intern Med. 2007;22(1):127-130. [PMID: 17351852] 
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Epistaxis 


The incidence of epistaxis has a bimodal distribution, peaking at ages younger than 10 years and 
older than 50 years. Most episodes occur in the anterior part of the nose in the Kiesselbach 
plexus, the vascular watershed area of the nasal septum. Posterior bleeds most often arise from 
branches of the sphenopalatine arteries, behind the posterior portion of the middle turbinate or at 


the posterior superior roof of the nasal cavity. Common local causes are nose picking, trauma, 
irritants (including medications), low humidity, foreign bodies, rhinitis from viral infections or 
allergies, tumors, septal perforation, vascular malformation, and telangiectasias. Common 
systemic causes include anticoagulation therapy, antiplatelet therapy, thrombocytopenia, and 
other bleeding disorders. Most causes of epistaxis can be identified by a directed history and 
physical examination. Laboratory studies, including prothrombin time, complete blood count, 
platelet count, and blood type and cross-match, should be obtained when appropriate. 


Initial management of stable patients should included application of direct pressure to the septal 
area for up to 20 minutes. Control of bleeding with this maneuver suggests an anterior bleed. If 
needed, further treatment of anterior bleeding can include topical application of phenylephrine or 
oxymetazoline to the septal area and repeated periods of direct pressure. Chemical cautery of a 
bleeding point with silver nitrate may be used for simple anterior epistaxis. To avoid septal 
necrosis, only one side of the septum should be cauterized. If these maneuvers do not control 
anterior bleeding, either urgent otolaryngology referral or anterior nasal packing is 
recommended. Patients with posterior bleeds, anterior bleeds not responding to treatment, or 
severe blood loss require appropriate stabilizing interventions and urgent otolaryngology 
consultation. 
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Oral Health 


Oral Infections and Ulcers 
Oral Tumors 

Dental Infection 

Halitosis 

Tongue Syndromes 
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Oral Infections and Ulcers 


Oral Candidiasis 
Herpes Labialis 


Aphthous Ulcers 
Oral Lichen Planus 
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Oral Candidiasis 


Oropharyngeal candidiasis, usually caused by Candida albicans, has variable symptoms, ranging 
from none to a sore, painful mouth with burning tongue and altered taste. Pseudomembranous 
candidiasis (thrush) is characterized by white, curd-like, discrete plaques on an erythematous 
base that can be exposed by scraping a plaque (Figure 29). It is found on the buccal mucosa, 
throat, tongue, and gingivae. Erythematous candidiasis is characterized by smooth red patches on 
the hard or soft palate, tongue, or buccal mucosa and is associated with chronic salivary 
hypofunction (as in Sjögren syndrome or from anticholinergic drug effects). Hyperplastic 
candidiasis has white, firmly adherent patches or plaques that cannot be scraped off. Denture- 
induced candidiasis presents as smooth or granular erythema in the denture-bearing areas, often 
associated with angular cheilitis (red, fissured lesions at the corners of the mouth). Causes of oral 
candidiasis include immunosuppression, broad-spectrum antibiotic use, inhaled or systemic 
corticosteroids, xerostomia, diabetes, and dentures. 


In patients without HIV disease, topical treatment with nystatin or clotrimazole should be tried 
first. If the response is inadequate, oral fluconazole should be used. In HIV-positive patients, the 
occurrence of oral candidiasis usually indicates significant immunosuppression. In patients with 
mild oral candidiasis, topical therapy may be tried. For those with moderate or severe disease 
and for those with odynophagia and suspected esophageal candidiasis, oral fluconazole should be 
used. When possible, the underlying cause of the candidiasis should be addressed. 
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Figure 29. Oral candidiasis. 


Oropharyngeal candidiasis (thrush) is characterized by white, curd-like discrete plaques on an 
erythematous base typically located on the buccal mucosa, throat, tongue, and gingivae. 
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Herpes Labialis 


Herpes simplex virus persisting in a latent state in the trigeminal ganglion may reactivate, 
typically causing a localized cluster of vesicles along the vermilion border of the lip (Figure 30). 
The vesicles rupture and crust within 24 to 48 hours and heal over the ensuing 7 to 10 days 
without scarring. An outbreak may be triggered by sunlight, stress, or fatigue. In 
immunocompetent patients, herpes labialis is a mild, self-limited illness. Oral herpes zoster 
occurs less often and can be distinguished from herpes simplex by being unilateral and 
corresponding to specific sensory nerve distributions. 


Treatment of recurrent herpes labialis with oral or topical antiviral agents is largely unsuccessful 
owing to the difficulty of recognizing the onset of recurrence early enough to start the 
medication in time to affect the disease course. In those patients who have a recognizable 
prodrome, however, oral antiviral agents (acyclovir, valacyclovir, famciclovir) or penciclovir 
cream can result in modest reductions in duration of pain and time to healing. For those with 
frequent recurrences, oral antiviral agents given prophylactically may reduce the frequency and 
severity of attacks. 


Figure 30. Herpes labialis. 


Herpes labialis is recognized as a localized cluster of vesicles and erosions along the vermilion 
border of the lip. 
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Aphthous Ulcers 


Aphthous ulcers are painful, well-defined, circular ulcerations that occur most commonly on the 
buccal and labial mucosa (Figure 31). They may occur on all areas of the oral mucosa except the 
hard palate, gingiva, and vermilion border. They may be single or multiple. Most adults 
experience them at some time during their life, and the incidence lessens with advancing age. 
Minor aphthous ulcers are flat, are less than 1 cm in diameter, and last 5 to 10 days. Major 
aphthous ulcers are greater than | cm, have raised borders, may last for weeks or months, and 
may require biopsy to exclude malignancy. Herpetiform aphthous ulcers resemble recurrent 
herpetic lesions but are not preceded by vesicles, and viral cultures are negative. Severe ulcers 
may be associated with inflammatory bowel disease, celiac disease, HIV infection, and Behçet 


syndrome, which is characterized by aphthous ulcers plus urogenital ulcerations and iridocyclitis. 
Chlorhexidine mouth rinses and topical corticosteroids in dental paste may reduce ulcer severity 
and pain. In smokers, the risk of recurrence may decrease if smoking is given up. 


Figure 31. Aphthous ulcer. 


Aphthous ulcer is characterized by a painful, discrete shallow, round, to oval ulcer with a grayish 
base typically less than 1 cm in diameter. 


PreviousNext 


Oral Lichen Planus 


Lichen planus occurs in about 1% of the population, predominantly in adults older than 40 years, 
and is of unknown etiology (see MKSAP 15 Dermatology). Oral lichen planus may occur with 
skin disease or may be the only manifestation of the disease. Oral lesions may appear as white, 
lace-like striae on the buccal mucosa or as hyperkeratosis or painful erosive changes of the oral 
cavity (Figure 32). Oral lichen planus tends to be chronic and may be associated with an 
increased risk of oral cancer. In patients with a symptomatic mouth lesion, topical corticosteroids 


may be used. Topical calcineurin inhibitors have been used for patients with highly symptomatic 
disease responding poorly to topical corticosteroids (off-label use) and should only be prescribed 
by specialists in the management of oral lichen planus. 


Figure 32. Oral lichen planus. 


Oral lichen planus appears as white, lace-like striae on the buccal mucosa or as hyperkeratosis or 
painful erosive changes of the oral cavity. 
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Oral Tumors 


Tori are benign, bony protuberances considered to be developmental anomalies that usually do 
not appear until adulthood. They occur in 20% to 35% of the U.S. population. Tori may occur 
along the midline of the hard palate (torus palatinus) and along the lingual aspect of the mandible 
(torus mandibularis). Removal is usually only required if the torus interferes with dentures. 


Mucoceles are cystic structures resulting from trauma to a salivary gland duct. They usually are 
found on the lower lip (Figure 33). There is often a history of trauma and episodes of recurrent 
swelling and rupture. Treatment is surgical excision. 


Oral pyogenic granulomas may occur on the gingiva, lip, tongue, or buccal mucosa. They are 
rapidly growing nodules that range in size from a few millimeters to several centimeters and are 
erythematous, painless, smooth, and friable. They may develop in response to local irritation, 
trauma, or increased hormone levels in pregnancy. Surgical excision is usually indicated in 
patients in whom in which a clinical diagnosis is uncertain or to rule out malignancy. 


Oral leukoplakia and erythroplakia are oral lesions that present as white or red patches or plaques 
with changes in the mucosal surface texture (Figure 34). They are particularly common in 
smokeless tobacco users. Leukoplakia is premalignant, with 1% to 20% of lesions progressing to 
cancer over 10 years. Erythroplakia includes severe dysplasia or malignancy in 50% of cases. 
Unclassified red or white lesions that persist for longer than several weeks should be referred for 
evaluation and biopsy. Tobacco users should be counseled to stop. 


Oropharyngeal cancers are the ninth most common cancer in the United States. The vast majority 
of these are squamous cell carcinomas. Tobacco and alcohol use are strong risk factors. 
Squamous cell carcinoma is locally invasive and metastasizes by lymphatic spread. Any lesion of 
the mucosal surface that cannot be identified readily should be biopsied. Other malignancies that 
occur in the oral cavity and oropharynx include cancers of the salivary glands, lymphomas, 
Kaposi sarcoma (in patients with HIV infection), and, rarely, mucosal melanoma. 


Figure 33. Mucocele. 


A large, shiny, nontender nodule on the lip suggests mucocele. 


Figure 34. Leukoplakia. 


Leukoplakia is a precancerous lesion that presents as white patches or plaques of the oral mucosa 
with changes in the mucosal surface texture. 
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Dental Infection 


Although dental care is not usually in the domain of general medicine practitioners, patients 
sometimes have oral complaints that are dental in nature, and some dental diseases can progress 
to require medical treatment. Dental pain from exposed and infected dental pulp is one of the 
most frequent reasons that patients seek emergency dental care. Treatment is removal of the 
tooth or removal of the nerve with cleaning the root canal. A recent Cochrane review found one 
small randomized trial comparing the use of a systemic antibiotic (penicillin) to placebo for 
treatment of acute pulpitis without operative endodontic treatment. Although the study had 
limited statistical power, no pain relief benefit from the antibiotic was found. 


Periodontal disease is caused by a shift in microorganisms within the subgingival dental plaque 
from sparse gram-positive organisms to a complex flora with a preponderance of anaerobic 
gram-negative bacteria and motile organisms. There is resulting inflammation (gingivitis), 
destruction of the periodontium, gingival recession, increase in the depth of periodontal pockets, 
and bone loss. Age and tobacco use are risk factors for gingivitis. Prevention and treatment of 
periodontal disease include thorough brushing with fluoridated toothpaste and dental flossing 
after each meal, decreased intake of carbohydrate-rich foods, smoking cessation, and regular 
dental care. 


Suppurative odontogenic infection occurs when an endodontic infection perforates the alveolar 
bone and extends along planes of least resistance to potential fascial spaces in the orofacial and 
peripharyngeal areas. The location of the infection can help in identifying the infected tooth. In 
addition, periodontal abscesses may occur adjacent to areas of periodontitis. Management 
involves surgical drainage and appropriate antibiotics. 
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Halitosis 


Halitosis is a frequent complaint in people of all ages. The most common source is the mouth, 
where bacteria degrade amino acids into volatile sulfur compounds. This is made possible by 
accumulation of food debris and dental plaque on the teeth and tongue from poor oral hygiene, 
gingivitis, and periodontitis. Xerostomia (dry mouth), a side effect of many medications, results 
in lack of normal oral cleansing from saliva and may cause or enhance halitosis. This is often the 
source of “morning breath’”—the mild and transient oral malodor that occurs after sleep. The 
second most common source of halitosis is the nasal passages. Causes include sinusitis, 
malignancy, obstructing nasal polyps, or a foreign body. Garlic, onions, alcohol, tobacco, and 
some drugs have been implicated. 


Clinical evaluation of halitosis should include a subjective assessment of the patient’s breath 
from 5 to 10 cm away, both when the patient is mouth breathing and again when the patient is 
breathing out of the nose. If the odor is the same from both sites, there may be a systemic cause, 
such as hepatic failure, renal failure, pulmonary disease, or an esophageal diverticulum. 


For mouth sources of halitosis, treatment should including improved oral hygiene, regular dental 
care, increased water intake, cleaning dentures and bridges nightly, and avoiding foods and 
habits that worsen the problem. A recent Cochrane review concluded that any beneficial effects 
of tongue scrapers or cleaners on halitosis are modest and short-lived. 


Some patients have greatly exaggerated concerns about bad breath without objective evidence of 
having it (halitophobia). In such patients, the presence or absence of an odor should be 
confirmed by a family member or close friend and by scheduling a follow-up appointment for re- 
evaluation. If an odor cannot be confirmed, efforts can be made to reassure the patient as well as 
to explore psychosocial factors that may play a role. 


PreviousNext 


Tongue Syndromes 


Geographic tongue, also known as migratory glossitis, is present on the dorsal tongue in about 
2% of the population. There are well defined areas of atrophied filiform papillae (erythematous 
areas) surrounded by slightly elevated, curving borders of normal or hyperplastic filiform 
papillae (white rim) in an irregular or “geographic” shape. The location of these areas changes 
gradually over time. Geographic tongue appears in young and middle-aged adults and waxes and 
wanes over a lifetime. It is often noticed by the patient and brought to the attention of the 
physician because of unrelated mouth problems. Patients should be reassured that the condition 
is benign and requires no special treatment. 


Fissured tongue, also known as “scrotal” tongue, is present in about 5% of the population and 
often coexists with geographic tongue. There are numerous linear deep “valleys” on the dorsal 
tongue covered by normal epithelium. This condition persists and may become more exaggerated 
throughout life. Patients should be reassured that the condition is benign. In some, removal of 
trapped debris in the fissures may be necessary by brushing the tongue. 


Hairy tongue is a common disorder in which the filiform papillae on the dorsal surface of the 
tongue become elongated and hypertrophied as a result of slowing of the normal removal of the 
scales from the tips of the papillae. Hairy tongue is usually pigmented black, brown, or yellow 
owing to overgrowth of pigment-forming bacteria. It is precipitated by reduced normal salivary 
flow, such as occurs with dehydration, fever, and medications that cause a dry mouth. It is 
associated with smoking and poor oral hygiene. The condition usually disappears when the 
causative factors resolve or are eliminated. To speed the process, local measures may be used, 
including antibacterial mouthwashes and brushing the tongue. 
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Temporomandibular Disorder 


Temporomandibular disorder (TMD) is not a single entity but rather a cluster of pain-related 
conditions in the masticatory muscles, temporomandibular joint (TMJ), and associated 
structures. TMD pain occurs in about 3% to 10% of the general population, with a peak onset 
between the ages of 20 and 45 years and a 1.5- to 2-times greater prevalence in women. There is 
about a 30% to 60% comorbidity between TMD and tension headache, and TMD also occurs at 
higher rates among persons with irritable bowel syndrome, fibromyalgia, chronic fatigue 
syndrome, and other functional somatic conditions. Pain is present in at least 75% to 80% of 
patients with TMD, either as TMJ arthralgia or myalgia in the muscles of mastication; most 
patients have both types of pain. Other common symptoms include TMJ clicking or popping 
(60%), jaw clenching during the day (30%-40%) or while asleep (bruxism, 30%), TMJ locking 


or catching (15%-20%), and limitations in chewing (15%-20%). The diagnosis is largely clinical; 
neither imaging nor other laboratory testing is routinely recommended. 


Self-care strategies include jaw relaxation, efforts to reduce abnormal clenching while awake, 
hot packs, passive opening stretches, suggestions about stress reduction, and NSAIDs. Another 
conservative therapy is hard or soft splint therapy, which is usually provided in the dentist’s 
office. Splints are worn overnight and a few hours each day. A recent clinical trial randomized 
200 subjects to one of three groups: hard splint plus self-care, soft splint plus self-care, and self- 
care only. There were no differences in clinical outcomes among the groups at 3, 6, or 12 
months. Thus, self-care recommendations should be the initial approach; patients with persistent 
symptoms should be referred to a dentist to determine if splint therapy is warranted. Patients with 
TMD frequently have comorbid depressive, anxiety, or somatoform disorders that may warrant 
treatment. Surgical treatment for those with objective TMJ derangements is a last resort, and 
controlled clinical trials regarding its effectiveness are lacking. 
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Mental and Behavioral Health 


Depression 

Anxiety 

Bipolar Disorder 
Somatoform Disorders 
Eating Disorders 
Schizophrenia 


Attention-Deficit/Hyperactivity Disorder 
Autism Spectrum Disorders 


Key Points 


The presence of either depressed mood or anhedonia for most days in the past 2 weeks 
has a 90% sensitivity for a diagnosis of major depression. 

Referral to a psychiatrist is advisable for depressed patients with psychotic features, 
suicidal or homicidal ideation, bipolar depression, or lack of response to two or more 
antidepressants. 

It is important to ask about current bipolar disorder symptoms or history prior to initiating 
antidepressant therapy. 

The choice of an antidepressant should be based on matching the side effect profile to the 
individual patient. 

For partial responders to an antidepressant, maximize the dose and then add a second 
agent; for nonresponders, change to a different agent. 

Cognitive-behavioral therapy achieves the highest response rates and has the most 
durable effect of all treatments for the anxiety spectrum disorders. 

Nearly 20% of nonrespondents to treatment for unipolar depression may meet criteria for 
bipolar disorder. 

First-line treatments for bipolar disorder include lithium, anticonvulsant agents, and 
second-generation antipsychotic agents. 

Patients with somatoform disorders are distressed by medically unexplained physical 
symptoms in several areas of the body, seek help from multiple physicians, and are 
typically not reassured by negative test results. 


e Cognitive-behavioral therapy is the most evidence-based treatment for somatoform 
disorders. 

e Anorexia nervosa has the highest mortality rate of any mental disorder. 

e Cognitive-behavioral therapy is the best-evidenced treatment for eating disorders. 

e A diagnosis of attention-deficit/hyperactivity disorder requires that the onset of 
symptoms occurred before the age of 7 years. 

e Stimulants and some antidepressants are effective for the treatment of attention- 
deficit/hyperactivity disorder. 

e Autism is characterized by a triad of impaired communication; impaired social 
interactions; and restrictive, repetitive and stereotyped behaviors and interests. 

e Asperger syndrome is a less severe variant of autism in which language development is 
not delayed; diagnosis may not occur until late childhood or adolescence. 
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Depression 


Depression is the second most commonly encountered condition in primary care, following 
hypertension. Approximately one in six Americans will suffer an episode of major depression; 
for many, it is a chronic disease, as the likelihood of recurrence is 50% after a single episode, 
rises to 70% after a second, and 90% after a third. Depression is more common in those with 
significant medical problems, including heart disease, stroke, diabetes mellitus, and cancer; it 
also has a negative impact on the outcome of such conditions. Overall, depression is associated 
with reduced productivity, missed work, greater health care expenditures, and higher mortality 
rates. The nine depressive symptoms can be recalled by the mnemonic SPACEDIGS: 


e Sleep disturbance 

e Psychomotor agitation or retardation 
e Appetite disturbance 

e Concentration impairment 

e Energy level low 

e Depressed mood 

e Interest in activities lost (anhedonia) 
e Guilt or worthlessness 

e Suicidal ideation 


Ultra-brief screening measures consisting of two to three questions have been validated. Simply 
asking about whether one of the two core depressive symptoms (depressed mood and anhedonia) 
have been present most days in the past 2 weeks has been shown to be 90% sensitive for 
depressive disorders. The PHQ-4, a screen for anxiety and depression, assesses these two core 
symptoms (Table 52). 


Table 52. The PHQ-4 Screen for Depression and Anxiety 


Over the last 2 weeks, how often have you Notat Several More than Nearly 
been bothered by the following problems? all days half the days every day 


1. Feeling nervous, anxious, or on edge 
2. Not being able to stop or control worrying 
3. Little interest or pleasure in doing things 
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4. Feeling down, depressed, or hopeless 


Scoring: Questions 1 and 2 constitute an anxiety subscale and questions 3 and 4 constitute a 
depression subscale. Scores on each subscale can range from 0 to 6, and a subscale score of 3 or 
greater suggests that further evaluation for clinically significant anxiety or depression is 
warranted. 


Information from Kroenke K, Spitzer RL, Williams JBW, Löwe B. An ultra-brief screening scale 
for anxiety and depression: the PHQ-4. Psychosomatics. In press. 
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Types of Depression 


Major depression is characterized by the presence of at least five of the nine criteria for major 
depression, including at least one of the two hallmark features (depressed mood and anhedonia). 
Minor depression (subsyndromal depression) is characterized by the presence, for at least 2 
weeks, of two to four depressive symptoms, associated with impaired social functioning, mental 
health, and health perceptions. Dysthymia is similar to minor depression with regard to the 
number of symptoms, but requires at least 2 years’ duration to make the diagnosis. Whereas 
some symptoms of depression are typically part of the bereavement process after the death of a 
loved one, serious consideration should be give to treatment of the bereaved who still meet 
criteria for major depression 2 months after their loss. 


Seasonal affective disorder is a cyclical subtype of depression that most often recurs in fall and 
winter months, with improvement in spring and summer. Bright light therapy is particularly 
effective for seasonal affective disorder; antidepressants and cognitive-behavioral therapy are 
also effective. 


Several mood disorders are unique to women. Premenstrual dysphoric disorder (PMDD) occurs 
in 3% to 5% of menstruating women and is characterized by the cyclical recurrence of five or 
more symptoms of depression, anxiety, and emotional lability that have their onset within 1 week 
prior to menstruation and resolution within 1 week after menstruation. Whereas most women 
experience some heightened emotional lability in the days immediately following giving birth, 
major depression has been identified in 10% to 15% of women 1 to 6 months after delivery. 
Risks for postpartum depression include prior depression, life stressors, stillbirth, and 
miscarriage. 


Depressed patients must be asked about suicidal thoughts, intent, and plans. Such questioning 
does not increase the likelihood of committing suicide and may be helpful in detecting those at 
risk for carrying out a planned suicide. Patients with suicidal ideation but without a plan or intent 
should have treatment initiated, and their suicidal ideation should be closely monitored. Patients 
with a suicide plan warrant urgent referral to a psychiatrist or emergency referral for 
hospitalization and psychiatric assessment, depending upon the clinical situation. 
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Treatment 


Referral to a psychiatrist is advisable for patients with any one of several features: (1) significant 
suicidal or homicidal ideation; (2) psychotic symptoms; (3) bipolar disorder; or (4) lack of 
response to two or more antidepressants. Some of these patients may require hospitalization, 
whereas others may require more complex management than is practical for the primary care 
physician to provide. 


The care of most depressed patients has been facilitated for the primary care physician by the 
advent of a wide range of relatively safe, easy to administer antidepressants. As different classes 
of antidepressants appear to be equally effective, the selection of a particular agent should be 
driven by its side-effect profile, other comorbid disorders, and cost, matching the medication to 
the individual patient (Table 53). Antidepressants have been associated with a rare risk of 
precipitating suicidal ideation in children, and a potential risk has been identified in persons up to 
the age of 24 years. The U.S. Food and Drug Administration (FDA) is currently analyzing data 
to determine whether a similar risk exists in adults. Although a “black box” warning to this effect 
exists for all antidepressants, the risk of suicide from untreated depression is far more significant. 
In patients with bipolar disorder, initiation of an antidepressant can trigger a manic episode. 
Therefore, it is important to rule out bipolar disorder prior to initiating antidepressant therapy. 


Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed class of 
antidepressants and are effective for anxiety as well as depression. In general, SSRIs are well 
tolerated with low toxicity; however, sexual side effects are common. Fluoxetine has a 
significantly longer half-life, which may be helpful in cases of missed doses or cessation of 
therapy, but also can lead to greater accumulation, which must be considered when switching to 
other antidepressants. 


Bupropion is a good alternative for those with intolerable sexual dysfunction on SSRIs. It can 
lower the seizure threshold in patients at risk of seizures, although this is a rare event. 
Mirtazapine is often a good choice for thin depressed patients or those with insomnia because it 
is more likely to cause weight gain and somnolence. Serotonin-norepinephrine reuptake 
inhibitors (SNRIs) appear to be more effective than SSRIs in patients with comorbid pain. 
Duloxetine is FDA-approved for neuropathic pain and fibromyalgia, and venlafaxine has also 
shown some efficacy for pain relief, although it lacks a specific FDA indication for pain. 


Successful treatment of depression often requires more than one medication. The Sequenced 
Treatment Alternatives to Relieve Depression (STAR*D) trial treated more than 4000 depressed 
patients at multiple sites. Initial treatment with the SSRI citalopram alone achieved a 30% 
remission rate. Random assignment of treatments to nonresponders at multiple steps eventually 
resulted in remission in approximately two thirds of patients. There was no difference whether 
inadequate responders were randomized to receive a different SSRI, a non-SSRI antidepressant, 
a combination of two antidepressants, augmentation with lithium or thyroxine, or cognitive 
therapy. These results suggest that depression is similar to chronic medical disorders in which 
multiple treatments may be equally effective, and monitoring outcomes and adjusting therapy are 
essential to optimizing outcomes. 


Nonpharmacologic therapy appears to have similar efficacy to pharmacotherapy in mild to 
moderate depression, and referral for psychotherapy should be considered in patients who are 
reluctant to take medication or seem to have a good degree of insight. For more severe 
depression, there is good evidence that a combination of psychotherapy and pharmacotherapy is 
superior to either alone. Another alternative is electroconvulsive therapy, especially in severely 
depressed patients, such as those with profound suicidal ideation or psychotic features in whom a 
rapid response to therapy is particularly desirable. 


The goal of treatment is to achieve complete remission within 6 to 12 weeks and continue 
treatment for 4 to 9 months thereafter. Up to 50% of patients will experience recurrent symptoms 
and will require long-term maintenance pharmacotherapy. Patients should be assessed 2 and 4 
weeks after starting therapy for adherence, adverse drug reactions, and suicide risk and again at 6 
to 8 weeks for response to therapy. At this point, patients should complete a formal tool for 
severity assessment (such as the PHQ-9) and are considered to have responded if a 50% or 
greater decrease in symptom score has occurred. After severity assessment, patients can be 
classified as complete, partial, or nonresponders. Complete responders should continue the same 
therapy modality for an additional 4 to 9 months. Treatment options for partial responders 
include using a higher dose of the same agent, adding a second agent, or adding psychotherapy. 
Patients with no response should be switched to a different category of drug or to psychotherapy. 
Any change in therapy requires periodic follow-up as outlined above. 


Table 53. Selected Frequently Prescribed Antidepressants 


Agent Advantages Disadvantages 
SSRIs 


Citalopram Few drug interactions; safe in 
cardiovascular disease 


Escitalopram Few drug interactions 
Fluoxetine Effective for OCD, GAD, bulimia, Long half-life (can lead to 


PMDD. Long half-life (good for accumulation); affects cytochrome P- 
missed doses, poor adherence) 450 system and drug interactions are 
common 
Paroxetine Effective for panic disorder, GAD, Highest risk (class D) in pregnancy; 


PTSD, OCD, social phobia affects cytochrome P-450 system and 


Sertraline 


Venlafaxine 


Duloxetine 


Mirtazapine 
(tetracyclic) 


Nortriptyline 


Bupropion 


drug interactions are common; weight 


gain 
Few drug interactions; effective for 
panic disorder, PTSD, OCD, social 
phobia, PMDD; safe in cardiovascular 
disease 
SNRIs 
Effective for anxiety spectrum Nausea; can exacerbate hypertension 


disorders; few drug interactions 
Effective in pain conditions and GAD Nausea 
Serotonin Antagonist (and Noradrenergic Enhancement) 


Facilitates improved sleep; few drug Weight gain; sedation 
interactions 
Tricyclic Antidepressant 
Drug levels can be monitored; Anticholinergic side effects (dry mouth, 
analgesic effect sedation, weight gain); cardiac toxicity 
with overdose 
Norepinephrine and Dopamine Reuptake Inhibitor 
Effective in smoking cessation; less Seizure risk 
sexual side effects than SSRIs; less 
weight gain; lowest risk (class B) in 
pregnancy 


GAD = generalized anxiety disorder; OCD = obsessive compulsive disorder; PMDD = 
premenstrual dysphoric disorder; PTSD = posttraumatic stress disorder; SNRI = selective 
serotonin-norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor. 
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Anxiety 


The anxiety disorder spectrum includes generalized anxiety disorder (GAD), panic disorder with 
and without agoraphobia, posttraumatic stress disorder (PTSD), obsessive compulsive disorder 
(OCD), social anxiety disorder, and specific phobias. Overall, anxiety disorders are perhaps even 
more common than depression, and total direct and indirect costs are similar to those associated 


with depression. 
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Generalized Anxiety Disorder and Panic Disorder 


GAD has a prevalence of 4% to 6%. The disorder is characterized by excessive anxiety and 
worry about a variety of events or activities over at least a 6-month period; difficulty exercising 
control over worrying; several symptoms associated with the anxiety, such as fatigue, irritability, 
restlessness, sleep disturbance, and difficulty concentrating; and functional impairment. GAD 
can be easily screened for, either by asking, “Are you bothered by nerves?” which had a 100% 
sensitivity and 59% specificity in a study of primary care patients, or with the two-item GAD-2. 
The GAD-2 (scored 0 to 6) had a sensitivity of 86% and specificity of 83% when using a cut-off 
score of 3. Using a cut-off score of 2, the GAD-2 also has a sensitivity above 85% in screening 
for three other common anxiety disorders: panic disorder, PTSD, and social anxiety disorder. 
The GAD-2 was recently combined with the two highly sensitive screening questions for 
depression into the PHQ-4, providing an ultra-brief screen for depression and anxiety (see Table 
52). 


Panic disorder is characterized by recurrent, unexpected panic attacks with the abrupt onset of 
numerous somatic symptoms, including palpitations, sweating, tremulousness, dyspnea, chest 
pain, nausea, dizziness, and numbness. Symptoms typically peak within 10 minutes of onset, and 
attacks usually have a duration from 15 to 60 minutes. Although as many as 30% of Americans 
may experience a panic attack during their lifetime, the prevalence of panic disorder is only 1% 
to 2% because its diagnosis also requires that one or more of the attacks be followed by at least 1 
month of persistent worry about having another attack, about the implications of the attack, or 
about its consequences; or a significant change in behavior related to the attacks. Up to half of 
those with panic disorder also have agoraphobia, characterized by a fear of being in places from 
which escape might be difficult (such as in crowds, on a train or plane, on a bridge, or in a 
tunnel). Persons with agoraphobia either avoid such situations or endure them with marked 
distress, even experiencing symptoms of panic. 


Effective therapies are available for both GAD and panic disorder. Cognitive-behavioral therapy 
(CBT) is the best-evidenced nonpharmacologic therapy for these conditions, supported by many 
randomized controlled trials and several meta-analyses. Several recent studies provide evidence 
that relatively brief courses of CBT, or even self-help CBT, may be effective for panic disorder, 
whereas GAD may require longer courses, such as 12 to 20 sessions. CBT seems to have a more 
durable effect, with lower relapse rates than pharmacologic therapy, and use of CBT in patients 
who failed to benefit from pharmacologic therapy also showed significant efficacy. Panic 
disorder stands alone among the anxiety spectrum disorders as the condition for which there is 
clear evidence that the combination of CBT and pharmacotherapy is superior to either alone. 


There is good evidence that SSRIs, as well as venlafaxine, are far superior to placebo in the 
treatment of both GAD and panic disorder. Duloxetine has also been approved for GAD. 
Second-line therapies have been shown to have some utility but all have drawbacks, including 
tricyclic antidepressants such as imipramine (risk of fatal cardiac arrhythmias in overdose, 
anticholinergic side effects), benzodiazepines (dependence and tolerance issues), and buspirone 
(relatively delayed onset of action). 
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Posttraumatic Stress Disorder 


PTSD is unique among the anxiety disorders because it has a clear precipitant—exposure to a 
traumatic event, such as war, disaster, or an assault, that involves an actual or threatened death or 
serious injury to one’s self or others. To meet criteria for PTSD, the trauma must be followed by 
at least 1 month of disabling symptoms in three different categories: re-experiencing the event, 
avoiding reminders of the trauma, and heightened arousal. 


Although many individuals have experienced trauma sufficient to induce PTSD, most of those 
exposed are resilient, so that the overall likelihood of developing PTSD after a traumatic event is 
estimated at 9% to 25%. Community surveys identify an 8% to 12% lifetime prevalence for 
PTSD. PTSD was documented in 39% of patients referred by their primary care providers for 
mental health services based on suspicion of depression or anxiety. The four-item PC-PTSD is a 
useful screen for PTSD, using a cut-off of two or more positive replies: Have you ever had any 
experience that was so frightening, horrible, or upsetting that in the past month you ... 


1. ... have had nightmares about it or thought about it when you did not want to? 

2. ... tried hard not to think about it or went out of your way to avoid situations that remind 
you of it? 

3. ... were constantly on guard, watchful, or easily startled? 

4. ... felt numb or detached from others, activities, or your surroundings? 


The preferred treatment for PTSD is CBT with exposure therapy. Exposure therapy helps 
patients to confront stimuli (thoughts, images, objects, situations, or activities) associated with 
the traumatic experience through progressively more intense exposure. Imaginal exposure has 
been the most widely employed approach, wherein the therapist asks the patient to recall the 
traumatic experience in progressively greater detail. This process is often supplemented by in 
vivo exposure, in which the patient confronts real-life circumstances that have triggered 
symptoms. Because avoidance is a cardinal feature of PTSD, patients often are unwilling or 
unable to effectively engage in exposure therapy. Virtual reality therapy may help overcome 
avoidance by immersing patients in an environment reminiscent of their trauma to facilitate 
recall. Although CBT is effective for most anxiety disorders, its effect is most robust for GAD 
and PTSD. 


SSRIs are the most effective pharmacotherapy for PTSD, but the best reported response rates are 
only 40% to 60%, and relapse after discontinuation of medication is common. The a-blocker 
prazosin appears to reduce the frequency and intensity of intrusive nightmares. A meta-analysis 
comparing trials of pharmacotherapy with psychotherapy found that although both approaches 
were effective, the effect size for psychotherapy was significantly greater (1.17 versus 0.69), and 
the drop-out rate was lower (14% versus 32%). 


PreviousNext 


Social Anxiety Disorder 


Formerly known as social phobia, social anxiety disorder is one of the most common psychiatric 
disorders, with a lifetime prevalence of more than 13%. The primary feature is a severe and 
persistent fear of social or performance situations, such as public speaking or taking an 
examination. In such situations, blushing and other anxiety symptoms are commonly 
experienced, although full-blown panic attacks usually are not. Persons with more generalized 
social anxiety disorder avoid many occupational and social situations because of fears of 
interacting with other people. Persons with social anxiety disorder recognize that their fear is 
excessive (except children sometimes do not), are characteristically markedly distressed about 
the condition, and either avoid precipitating situations or endure them with dread. CBT, 
especially regimens that incorporate elements of either imaginal or virtual exposure therapy, has 
been proved effective for social anxiety disorder, and SSRIs are the most evidence-based 
pharmacotherapy. Although B-blockers or benzodiazepines are sometimes used clinically for 
nongeneralized social anxiety, usually related to test-taking or public speaking, reports of 
efficacy are mostly anecdotal. 
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Obsessive-Compulsive Disorder 


The hallmark of obsessive-compulsive disorder (OCD) is the presence of recurrent obsessions or 
compulsions that are of sufficient severity to occupy at least 1 hour per day or to result in marked 
distress or functional impairment. The individual should recognize the obsessions or 
compulsions as excessive or unreasonable. Obsessions are defined as persistent ideas, thoughts, 
impulses, or images that are experienced as intrusive, inappropriate, and associated with 
significant anxiety or distress. Common obsessions include worries about having left a door 
unlocked, fears of contamination related to contact with others, or a need to have things in a 
specific order. Compulsions are repetitive behaviors, such as handwashing, checking, and 
ordering, or mental acts, such as counting or repeating words silently, that are performed to try to 
decrease the anxiety or stress associated with the obsessions. OCD has a prevalence of 2.3% in 
U.S. adults. 


CBT with an exposure therapy element is the treatment of choice for OCD. SSRIs are the most 
effective pharmacotherapy and should be used in patients who are resistant or only partially 
responsive to CBT and in those with more severe OCD or in whom a rapid response is critical. 
Higher SSRI doses are often needed to treat OCD as compared with depression, and the dose 
may be escalated at 2- to 4-week intervals. Adjunctive use of antipsychotics has some evidence 
of benefit. 
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Bipolar Disorder 


Bipolar disorder is subdivided into type I (featuring manic or mixed manic-depressive episodes, 
typically with periods of major depression as well) and type II (characterized by periods of major 
depression with a history of at least one hypomanic period). The prevalence of bipolar disorder 
in the U.S. population has been estimated at 1% to 4%; the Epidemiologic Catchment Area 
Study identified type I in 0.8% of the population studied, type II in 0.5%, and another 5.1% with 
subthreshold bipolar symptoms. Some studies suggest that as many as one in five of all 
depressed patients in primary care have bipolar disorder, although it is frequently misdiagnosed, 
with 50% having seen at least three professionals before being correctly diagnosed as having 
bipolar disorder. The Mood Disorders Questionnaire (MDQ) (Figure 35) is a relatively brief, 
validated questionnaire to screen for bipolar disorder. A cut-off of seven or more positive 
responses on Question 1 yields a sensitivity of 73% and specificity of 90%. Because of the 
strong genetic component of bipolar disorder, family history is also important. Primary care 
physicians should briefly assess for a personal or family history of diagnosed bipolar disorder 
and ask about some of the characteristic features in Question | of the MDQ prior to initiating 
antidepressant therapy. If not administered initially, the full MDQ should be administered to 
those who do not respond to an initial course of therapy for unipolar depression. 


Pharmacotherapy for bipolar disorder is more complicated than for unipolar depression, and a 
psychiatrist should be involved in the care of most patients with the disorder. Lithium has long 
been a mainstay of bipolar disorder therapy; however, it has a narrow therapeutic window and is 
teratogenic, nephrotoxic, and can cause hypothyroidism. Alternative first-line therapies include 
the anticonvulsant agents valproic acid, carbamazepine, and lamotrigine; as well as second- 
generation antipsychotic agents, such as quetiapine, olanzapine, and risperidone. There is 
evidence that adjunctive psychotherapy, particularly psychoeducation, is associated with 
improved outcomes. Pharmacotherapy should be continued for at least 1 year after achieving a 
response, and many will require lifelong treatment. 


1. Has there ever been a period of time when you were not your usual self and... 


SS ae ae eee 


..you felt so good or so hyper that other people thought you were not your normal self or you 
were so hyper that you got into trouble? 


ores ane maya oae a one or sarea tan raras |O) O 
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.„you were so easily distracted by things around you that you had trouble 
concentrating or staying on track? 


..you had so much more energy than usual? A 
..you were much more active or did many more things than usual? Fa ea] 


..you were much more social or outgoing than usual; for example, you telephoned 
friends in the middle of the night? 


..you were much more interested in sex than usual? kapiat 


..you did things that were unusual for you or that other people might have thought 
were excessive, foolish, or risky? 


..spending money got you or your family into trouble? ela 


2. If you answered YES to more than one of the above, have several of these happened during 
the same period of time? 


O Yes C No 


3. How much of a problem did any of these cause you—like being unable to work; having family, 
money, or legal troubles; getting into arguments or fights? (Please check one response only.) 


C] No problem C] Minor problem C] Moderate problem C] Serious problem 


Figure 35. Mood disorders questionnaire. 


Scoring: a positive screen is indicated by 7 or more positive answers on question 1, yes to 
question 2, and either moderate or serious for question 3. 


Adapted with permission from Hirschfeld RM, Williams JB, Spitzer RL, et al. Development and 
validation of a screening instrument for bipolar spectrum disorder: The Mood Disorder 
Questionnaire. Am J Psychiatry. 2000;157(11);1873-1875. [PMID: 11058490] 
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Somatoform Disorders 


Somatoform disorders are defined by the presence of physical symptoms in patients who have no 
demonstrable organic disease to explain the symptoms. Somatic symptoms are common, 
accounting for 400 million office visits each year in the United States. The care of patients with 
somatoform disorders is challenging for physicians and costly for society. These patients 
generate medical costs nine times that of the average patient. It is important for clinicians to 
learn to care for patients with somatoform disorders, because when doctors directly or indirectly 
refuse to care for them, they tend to seek care from other physicians, resulting in repeated 
unnecessary, costly, and sometimes harmful investigations. 
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Types of Somatoform Disorders 


Somatoform disorders, as classified by the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV), include conversion disorder, hypochondriasis, pain 
disorder, body dysmorphic disorder, somatization disorder, factitious disorders, and malingering. 
Except for factitious disorders and malingering, none of these involve conscious intent by the 
patient. Factitious disorders and malingering are not discussed here. 


Conversion disorder is manifested by a psychologically caused voluntary motor or sensory 
deficit that mimics a neurologic condition. Hypochondriasis, perhaps better called “health 
anxiety disorder,” is the preoccupation with the belief that a serious disease is the cause of a 
bodily complaint. The worry about an underlying disease tends to be more prominent than in 
somatization disorder. Pain disorder is characterized by chronic pain for which psychological 
factors play a major role. Body dysmorphic disorder refers to preoccupation with an imagined or 
exaggerated defect in physical appearance. 


Somatization disorder (including its less severe abridged or subthreshold variants) is probably 
the most frequently encountered somatoform disorder by primary care physicians and is 
characterized by multiple unexplained physical symptoms for at least 6 months, along with 
symptom-related social or occupational impairment. Current DSM-IV criteria require at least 
four pain symptoms, two gastrointestinal symptoms, one pseudoneurologic symptom, and one 
sexual symptom. Patients attribute their symptoms to an undiagnosed disorder despite multiple 
negative evaluations and are often not reassured despite repeated work-ups. 
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Management 


The principles of therapy for patients with somatization disorder include regular office 
appointments with one physician so that the patient does not feel he or she needs to develop new 
symptoms to see the doctor. The frequency of visits, which initially may need to occur monthly, 
can be decreased over time. Patient-centered communication during office visits is 
recommended. The physician should acknowledge the patient’s suffering and convey a sense of 
partnership in dealing with the complaints. The patient should be reassured that life-threatening 
conditions have been ruled out and should be given a plausible explanation for the symptoms 
(such as muscle strain, neurotransmitter imbalance, fibromyalgia). The physician should 
gradually steer the conversation away from discussions about symptoms and toward what is 
going on in the patient’s life. It is unrealistic for the patient or the physician to expect complete 
resolution of the symptoms. A more realistic goal is a decrease in the number of urgent phone 
calls to the physician, visits to the emergency department, referrals to specialists, and invasive 
tests and procedures. A major treatment goal should be increased functioning rather than 
eradication of symptoms. For pain management, narcotics should be avoided if possible. Among 
all treatments, CBT has the broadest evidence of benefit across a number of somatoform 
disorders. 


It is often difficult for physicians to decide whether a new complaint represents significant 
disease or another somatic symptom. Extreme approaches by the physician to this dilemma 
include ignoring the new complaint completely or performing extensive evaluations. The first 
extreme risks missing important disease—somatizing patients can, of course, develop life- 
threatening diseases. The latter approach often results in false-positive test results requiring 
further testing and potential harm from invasive testing and procedures (including unnecessary 
surgical procedures). A reasonable approach is to investigate new symptoms as in any patient but 
to avoid repeated work-ups of previously evaluated chronic symptoms. 


Depression and anxiety are commonly present in patients with somatization, and various 
physical complaints can be presenting symptoms for mood disorders. Thus, detecting and 
treating depression and anxiety are essential. 
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Eating Disorders 


Eating disorders are especially common among young females, with a variety of societal trends 
inducing girls as young as ages 5 to 9 years to desire to lose weight, not infrequently through 
dieting or even purging. Eating disorders are categorized in DSM-IV as follows: anorexia 
nervosa, bulimia nervosa, binge-eating disorder, and eating disorder not otherwise specified 
(EDNOS). Unfortunately, physicians make a diagnosis in fewer than 10% of patients, and 
therefore most do not receive treatment. Moreover, these categories are poorly validated, and in 
clinical practice, the great majority of patients are given a diagnosis of EDNOS; those in the 
EDNOS category have similar attitudes, behaviors, and comorbidities as those with anorexia 


nervosa or bulimia nervosa. The SCOFF questionnaire (Table 54) is a validated screening tool 
for eating disorders. Compared with a detailed clinical interview, the SCOFF had a sensitivity of 
84.6% and specificity of 89.6% for all eating disorders in the primary care setting and was able 
to identify all patients with anorexia nervosa and bulimia nervosa. 


Table 54. SCOFF Questionnaire for Screening for Eating 
Disorders 


Do you make yourself Sick because you feel uncomfortably full? 

Do you worry that you have lost Control over how much you eat? 

Have you recently lost more than One stone (14 pounds) in a 3-month period? 
Do you believe yourself to be Fat when others say you are too thin? 

Would you say Food dominates your life? 


Score one point for each yes. A score of two or more points indicates a likely diagnosis of 
anorexia nervosa or bulimia. 


Adapted with permission from Morgan JF, Reid F, Lacey JH. The SCOFF questionnaire: 
assessment of a new screening tool for eating disorders. BMJ. 1999;319(7223):1467-1468. 
[PMID: 10582927] Copyright 1999, BMJ Publishing Group Ltd. 
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Types of Eating Disorders 


Anorexia nervosa has a lifetime prevalence of 0.5% to 3.7%, and the highest mortality rate of 
any mental disorder, with the best estimate being approximately 6%. More than 90% of cases 
occur in females. Anorexia nervosa is defined by four diagnostic criteria: (1) refusal to maintain 
body weight at or above a minimally normal level (arbitrarily set at 85% of expected body 
weight); (2) intense fear of gaining weight or becoming fat, even though underweight; (3) a 
disturbance in the perception of one’s body weight or shape or denial of the seriousness of low 
body weight; and (4) amenorrhea for at least 3 months in postmenarchal (reproductive-age) 
females. The 85% body weight cut-off lacks empiric validity, and the amenorrhea criterion 
excludes men and prepubescent girls from the diagnosis. One large study found that nearly half 
the EDNOS admissions to an eating disorders unit were anorexia nervosa without amenorrhea. 
The DSM-IV includes two types of anorexia nervosa: a restricting type characterized by drastic 
limitation of caloric intake and a binge-eating/purging type that is characterized by repetitive 
binge-eating or purging. However, these subtypes seem to represent two ends of a spectrum 
rather than two distinct clinically useful categories. 


Bulimia is present in approximately 1% to 3% of women, with the highest rates in college-aged 
women. Although bulimia nervosa occurs in men, it is up to 10 times more common in women. 
Bulimia nervosa is characterized by recurrently eating an unusually large amount of food within 
a discrete time frame, along with feeling unable to stop or to control how much food is eaten. In 
addition, the patient recurrently engages in inappropriate compensatory behavior to prevent 
weight gain, such as inducing vomiting, using laxatives or diuretics, fasting, or excessive 
exercise. For a diagnosis of bulimia nervosa, both of these behaviors need to occur at least twice 
weekly for 3 months. Furthermore, the patient’s self-evaluation is excessively dependent upon 
body shape and weight. What constitutes a sufficiently large amount of food or loss of control is 
purely subjective; the significance of the frequency and duration of binges and purges is not 
well-defined. 


Binge-eating disorder is characterized by binge eating at least twice a week for 6 weeks, 
featuring rapid eating, eating until uncomfortable, and feeling guilty after bingeing, but no 
purging. Those with binge-eating disorder tend to have a later age of onset and are more often 
males or minorities, in comparison with persons with anorexia nervosa or bulimia nervosa, 
although perceptions of body weight and shape, as well as comorbidity and functional 
impairment, are similar. There is evidence that binge-eating disorder is more persistent than 
either anorexia nervosa or bulimia nervosa. Genetics may play a role in binge-eating disorder 
that is independent of obesity, which is a frequent complication. 
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Medical Complications of Eating Disorders 


Primary care physicians often see patients with eating disorders because of medical 
complications. Physical complications associated with anorexia nervosa include hypokalemia 
and hypomagnesemia, which may cause significant cardiac arrhythmias and osteopenia or 
osteoporosis, which can lead to fractures. Malnutrition and vitamin deficiencies can lead to 
anemia (iron and vitamin B12 deficiencies), easy bruising or bleeding (vitamin K deficiency), or 
the “three D’s” of niacin deficiency: diarrhea, dementia, and dermatitis. Hypopho-sphatemia may 
occur and can be particularly profound when malnourished patients begin to increase caloric 
intake (whether orally or intravenously), resulting in the refeeding syndrome. It is important to 
closely monitor, and replete, electrolytes when replenishing the nutritional status of patients with 
anorexia. 
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Treatment of Eating Disorders 


Systematic reviews and expert panels have identified CBT as the most effective therapy for 
eating disorders, achieving higher responses than antidepressants, which are in turn better than 
placebo. There is mixed evidence as to whether CBT plus antidepressants is better than CBT 


alone, although the combination is clearly better than antidepressants alone. The available 
evidence is strongest for bulimia nervosa, in which CBT eliminates bingeing and purging in 30% 
to 50% of patients, with many others also showing some improvement. CBT improves body 
image, self-esteem, and dietary discretion in bulimia nervosa. There is less evidence for the 
benefits of CBT in anorexia nervosa and binge-eating disorder. 
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Schizophrenia 


Psychosis encompasses delusions, hallucinations, disorganized speech, and disorganized or 
catatonic behavior. Psychotic features may occur in depression as well as other psychiatric or 
organic disorders, but schizophrenia is a disorder in which psychosis is a defining feature. The 
diagnosis requires at least 6 months of symptoms, including 1 month or more of at least two 
active-phase symptoms, such as hallucinations, delusions, disorganized speech, grossly 
disorganized or catatonic behavior; and negative symptoms, such as flattened affect. There must 
also be significant impairment in social or occupational function. Behavioral manifestations may 
include grossly disheveled appearance or inappropriate dress (wearing an overcoat, hat, scarf, 
and gloves in the heat of summer) or unprovoked agitation, such as yelling or profanity in public. 
Impaired cognition, including decrements in short-term memory and attention, is also 
characteristic of schizophrenia. Schizophrenia has a lifetime prevalence of 1% to 2%, most often 
presenting in late adolescence or early adulthood. 


Second-generation antipsychotics have a favorable side effect profile compared with the older 
neuroleptics and thus appear better tolerated in schizophrenia, but selecting a drug involves a 
complicated individual assessment of risks and benefits. Second-generation antipsychotics are 
associated with significantly increased rates of diabetes mellitus, especially in patients younger 
than 60 years. In a large study comparing perphenazine, olanzapine, risperidone, quetiapine, and 
ziprasidone in patients with chronic schizophrenia, efficacy was generally similar among 
treatments; however, time to antipsychotic discontinuation for any reason was shortest for 
olanzapine. Olanzapine was associated with discontinuations due to weight gain, whereas 
perphenazine was associated with the discontinuations for extrapyramidal symptoms. Significant 
elevations in triglycerides, cholesterol, and hemoglobin A,, levels were most apparent with 
olanzapine. 
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Attention-Deficit/ Hyperactivity Disorder 


Attention-deficit/hyperactivity disorder (ADHD) is characterized by difficulty paying attention, 
impulsivity, and motor restlessness or hyperactivity, with onset before the age of 7 years. There 
must also be some impairment in social, occupational, or academic functioning, and the 
symptoms must be manifest in at least two different environments, such as school and home. 


There are three subtypes: predominantly inattentive, predominantly hyperactive, and a combined 
type. 


Comorbidity with mood and anxiety disorders, substance abuse, and personality disorders is 
common. Between 3% to 9% of children in the United States may have ADHD, with diagnosis 
several times more common in boys than girls; this equalizes, however, in late adolescence, and 
among young adults, the disorder is actually more common in women. Genetics play a role 
(patients with ADHD are five times more likely to have a close relative with ADHD), and it is 
not uncommon for adults to recognize that they might have ADHD when one of their children is 
diagnosed. Presentation in adulthood tends to be characterized less by problems with 
hyperactivity and more by inattention, with frequent difficulty focusing on academic or 
workplace tasks and higher rates of motor vehicle accidents. 


Two classes of drugs have proved particularly efficacious in ADHD: stimulants and 
antidepressants. Stimulants such as dexamphetamine and methylphenidate that influence both the 
noradrenergic and dopaminergic pathways are available in both short-acting and slow-release 
forms. Atomoxetine is a serotonin-norepinephrine reuptake inhibitor (SNRI) recently approved 
for treatment of ADHD in both children and adults. Another SNRI, venlafaxine, and bupropion, 
which acts on dopaminergic pathways, have less robust evidence to support their use, but can be 
considered as secondary alternatives. Behavioral therapy added to pharmacotherapy is also 
beneficial in some patients and may allow lower doses of medication. 
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Autism Spectrum Disorders 


Autism is characterized by a triad of impaired communication; impaired social interactions; and 
restrictive, repetitive, and stereotyped behaviors and interests (Table 55). In addition, classic 
autism is often associated with some degree of learning disability or mental retardation and is 
typically diagnosed in early childhood. Less severe variants include high-functioning autism 
(HFA) and Asperger syndrome, which may not be diagnosed until adolescence or even 
adulthood. HFA is a category of autistic disorder with less severe clinical features and without 
cognitive impairment. Asperger syndrome differs from HFA in that early language development 
is not delayed. Many experts believe that autism, HFA, and Asperger syndrome are variants 
along a single spectrum. 


There is a paucity of evidence-based treatments for autism. In children, parents and the school 
system typically are key partners in reducing behaviors that interfere with social integration; in 
teaching the child to recognize others’ emotions and nonverbal cues; in facilitating adaptation to 
new situations outside the child’s “comfort zone” of routine, ritualized activities; and in 
implementing other behavioral and psychoeducational interventions. Applied behavioral therapy 
is currently the most effective therapy. There is a relative dearth of evidence regarding effective 
pharmacologic treatments. A recent review found only five randomized controlled trials 
involving a total of 149 patients; all studies had small sample sizes (median = 30) and brief 
treatment durations (<12 weeks). Most of these trials focused on older patients, either 


adolescents or adults. Two trials of risperidone (mean dose of 2-3 mg/d), one trial of 
fluvoxamine (mean dose of 277 mg/d), and one trial of haloperidol, suggested that the active 
drug was superior to placebo in reducing repetitive behaviors, aggression, hyperactivity, and 
selected mood states (depression, irritability and nervousness). Improvements were less evident 
for social functioning or language outcomes. One trial of naltrexone showed no benefits. 


Table 55. Triad of Impairments Characteristic of Autism 


Impairment Examples 


Social 


Impaired use of nonverbal behaviors, such as facial expressions, body posture, 


interaction and gestures 


Difficulty making friends (“loners”) 
Lack of empathy or understanding of others’ emotions 
Lack of appreciation of social cues 


Communication Delayed language development (for example, no single words before age 2 


years, no phrases before age 3 years) 
Abnormalities in speech volume and prosody; echolalia 
Perseveration on a topic regardless of listener’s level of interest 


Behavior Abnormal focus on one or more stereotyped and restricted patterns of interest 


Inflexible adherence to nonfunctional routines or rituals 


Preference for “sameness” in environment; functioning is better if there is clear 
structure in the environment; prompts are needed to carry out infrequent tasks 


Repetitive or stereotyped motor mannerisms 
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Geriatric Medicine 


Functional Assessment 
Incontinence 
Pressure Ulcers 


Key Points 


Older adults should be screened for hearing loss with the whispered voice test or an 
audioscope and undergo audiometry if they fail either of those tests or report hearing loss. 
The most common causes of vision loss among the elderly—presbyopia, cataracts, age- 
related macular degeneration, glaucoma, and diabetic retinopathy—are all potentially 
treatable. 

Elderly patients should undergo periodic Snellen visual acuity testing. 

Because age-related macular degeneration and glaucoma may be difficult to detect in a 
primary care setting, periodic examination by an eye professional of those older than 65 
years is prudent, especially for patients with risk factors for these disorders. 

Although routine periodic screening for activities of daily living and instrumental 
activities of daily living function is not warranted, any indication of decline in ability to 
perform instrumental activities of daily living should trigger an investigation into 
potential causes. 

For elderly persons with a single fall, the “get up and go” test is a good screening test for 
gait and balance problems that warrant further evaluation. 


e Fall prevention should take a multifactorial approach that addresses all potentially 
treatable risk factors, including vitamin D deficiency. 

e A home health referral for a home safety assessment may be indicated if safety is a 
concern in an elderly person, particularly in preparation for discharge home after a 
hospitalization or a rehabilitation facility stay. 

e Presently, there is no effective pharmacotherapy to prevent mild cognitive impairment or 
slow its transition to dementia. 

e Stress incontinence is characterized by leakage of a small volume of urine after coughing, 
exercise, or straining. 

e Urge incontinence is characterized by leakage of a large volume of urine after a sense of 
urgency to void. 

e Pelvic floor muscle training exercises are beneficial in stress urinary incontinence; 
anticholinergic medications are beneficial in urge incontinence. 

e Effective surgical treatments for stress urinary incontinence are retropubic suspension 
and pubovaginal slings. 

e Specialized foam mattresses/overlays and specialized sheepskin overlays reduce the 
incidence of pressure ulcers compared with standard hospital mattresses. 
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Functional Assessment 


The evaluation of a geriatric patient differs from the usual medical evaluation by having an 
emphasis on functional ability, independence, and quality of life. The comprehensive geriatric 
assessment addresses functional ability, physical health, sensory capacity, cognitive and mental 
health, and socio-environmental limitations that can affect the lives of elderly patients and their 
caregivers. Possible benefits of the geriatric assessment include greater diagnostic accuracy, 
improved functional and mental status, reduced mortality, decreased use of nursing homes and 
acute care hospitals, and greater satisfaction with care. 
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Hearing 


Hearing loss affects one third of adults older than 60 years and one half of those older than 85 
years. For the older adult, hearing loss interferes with performance of activities of daily living 
and is isolating, more so because it tends to cause frustration in others, whereas other disabilities, 
such as blindness, typically engender compassion. The most common cause of hearing loss in the 
elderly is presbycusis, the diagnosis given to age-related hearing loss caused by various factors, 
including aging, accumulated noise toxicity, genetic factors, and ototoxic medications. 
Presbycusis is a sensorineural hearing loss that initially impairs high frequency hearing, then 
progresses to loss of ability to hear frequencies important to speech. This results in the common 
complaint of inability to understand speech rather than an inability to hear. 


In a systematic review evaluating screening tools for hearing impairment, it was concluded that 
the best strategy for determining a need for formal audiometric testing is a combination of self- 
reported hearing loss (a positive answer to the question, “Do you have trouble hearing?”) and the 
whispered voice test (see Ear, Nose, Mouth, and Throat Disorders), performed in sequence. 
Although a family member’s claim that a patient has difficulty hearing was not formally 
addressed by the review, that information may also be an important factor in deciding on formal 
testing. A handheld audioscope has diagnostic accuracy characteristics similar to the whispered 
voice test and should be used if the examiner is unsure of his or her ability to perform the 
whispered voice test reliably. The Rinne test, Weber test, and Hearing Handicap Inventory (a 10- 
item self-administered questionnaire) do not have a role in screening for hearing impairment. 
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Vision 


Visual impairment is a common problem among the elderly. Thirteen percent of those older than 
65 years have visual acuity of less than 20/40 as measured with a Snellen vision chart. Legal 
blindness (visual acuity <20/200) occurs in 3% of persons aged 60 years and 11% of those aged 
80 years. Underreporting of vision problems by patients is common. As many as one third of 
geriatric patients have unrecognized severe vision loss, and up to 25% are wearing improper 
corrective lenses. The most common causes of visual impairment in the elderly are presbyopia 
(the universal age-related diminishing ability of the lens to accommodate), cataracts, primary 
open-angle glaucoma, age-related macular degeneration, and diabetic retinopathy, all of which 
are potentially treatable (see Eye Disorders). 


Because visual impairment and disability are common in the elderly, the U.S. Preventive 
Services Task Force recommends periodic Snellen visual acuity testing. Multiple professional 
organizations, including the American College of Physicians, recommend that patients with 
diabetes undergo annual screening, by an eye professional, with a dilated ophthalmoscopic 
examination or stereoscopic fundus photography. There is also consensus that accurate detection 
of the intraocular changes of age-related macular degeneration and glaucoma is difficult in a 
primary care setting. Therefore, periodic examination by an eye professional of patients older 
than 65 years is prudent, especially for those patients with risk factors for these disorders. 


Presbyopia and other refractive errors are easily addressed with corrective lenses. In the 
Baltimore Eye Survey, half of those screened had improved vision after receiving appropriate 
corrective lenses. 
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Depression 


Depression is common in later life. Major and minor depression have been reported in 3% to 
26% of older adults living in the community, 10% of older medical outpatients, 23% of older 
acute care inpatients, and 16% to 30% of nursing home residents. Risk factors for depression 
include older age, stressful life events, personal or family history of depression, and chronic 
medical conditions. In older adults, somatic symptoms such as pain or poor memory may mask 
underlying depressive symptoms and lead to underdiagnosis. 


A quick and effective two-item screen for major depression has a sensitivity of 96% and 
specificity of 57% for major depression. A positive response to either question constitutes a 
positive screen: 


e “Over the past 2 weeks have you felt down, depressed, or hopeless?” 
e “Over the past 2 weeks have you felt little interest or pleasure in doing things?” 


Further information about diagnosing and treating depression is presented in the Mental and 
Behavioral Health section. 


PreviousNext 
Activities of Daily Living 


Activities of daily living (ADLs) are the basic physical, mental, and emotional skills necessary to 
accomplish everyday routines, such as eating, dressing, bathing, and grooming, and include those 
skills necessary to provide for one’s own personal care and to move through one’s environment. 
Patients unable to perform these activities and obtain adequate nutrition usually require caregiver 
support. Instrumental activities of daily living (IADLs) are those skills necessary for independent 
living, such as using the telephone, handling finances, shopping, preparing food, and taking 
medications. Patients with deficits in ADLs and IADLs should be further evaluated regarding 
their home environment and caregiver availability. 


It is generally not necessary to do structured ADL and IADL assessments in all older patients, as 
the physician may know the patient well from prior contacts or can quickly determine his or her 
abilities during an office visit. For example, showing up for an office visit and completing the 
requisite interactions during the visit can be seen as tests of function. However, the physician 
must be alert for IADL “triggers” that should prompt more in-depth inquiry. For example, weight 
loss should not be assumed to be due to an undiagnosed malignancy or other new medical 
problem but should prompt an inquiry into dietary intake, meal preparation, grocery shopping, 
and social support. Other examples of IADL triggers are mail and bills being left to pile up, a 
cluttered house, spoiled food in the refrigerator, repeatedly wearing the same clothes, missed 
appointments, multiple or inappropriate phone calls, family concerns about driving, taking 
medications incorrectly, and inappropriate behavior. Patient self-reports regarding function 
should be interpreted cautiously and validated by direct observation or reliable sources. Family 
members, caregivers, or friends are often good sources of information regarding how a person is 
doing at home. Office personnel, both nursing and front office staff, should be asked to share 
concerns regarding patient function based on their interactions with the patient. 


When a potential problem is identified, a more thorough discussion can be initiated, using a 
structured assessment tool such as those shown in Table 56. Potential causes of functional 
decline warranting evaluation may be cognitive (delirium, dementia), psychosocial (depression, 
anxiety, loss of caregiver, inadequate financial resources), environmental (dangerous 
neighborhood, stairs, broken car or appliance), or physical (a new medical problem affecting gait 
or balance). 


Table 56. Indices to Assess Basic and Instrumental Activities 
of Daily Living 


Index Functional Activities Assessed 


Katz Index of Independence in Activities of Daily Living? Bathing 
Dressing 
Toileting 
Transferring 
Continence 
Feeding 


Barthel Index” Feeding 
Bathing 
Grooming 
Dressing 
Bowels 
Bladder 
Toilet use 
Transfers 
Mobility 
Stairs 


Lawton and Brody Instrumental Activities of Daily Living Ability to use a telephone 
Scale Shopping 
Food preparation 
Housekeeping 
Laundry 
Mode of transportation 
Responsibility for own 
medications 
Ability to handle finances 


“The Katz index is scored by assigning a score of | to each activity if it can be completed 
independently, which is defined as having no supervision, direction, or personal assistance; 
scores are then added for a range of 0 to 6. 


The Barthel index results in a score of 0 to 100, with higher scores reflecting independence. 


“The Lawton and Brody scale results in a score of 0 to 8, with a score of 8 representing 
independence and 0 representing total dependence for activities of daily living. 
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Falls 


Falls are common in older patients and cause mortality, morbidity, reduced functioning, and 
premature nursing home admissions. Thirty percent to 40% of community dwellers older than 65 
years fall each year, increasing to 50% of those aged 80 years and older. Because falls have 
multiple causes (Table 57) and multiple predisposing risk factors, the evaluation of patients who 
fall and the initiation of preventive measures present a complex clinical challenge. The risk for 
falling increases dramatically as the number of risk factors increases. Because some risk factors 
are amenable to amelioration or treatment, risk factor identification is a useful first step in 
preventing falls. The stronger risk factors are lower-extremity weakness, history of falls, gait and 
balance deficits, vision problems, and arthritis. Figure 36 presents the American Geriatrics 
Society’s recommended algorithm for the assessment and management of falls. In addition, low 
vitamin D levels are common in the elderly and have been shown to be associated with muscle 
weakness, functional impairment, and increased risk of falls and fractures. 


As part of the routine care of older persons, the American Geriatrics Society recommends that 
clinicians periodically ask about fall history. Patients who report a single fall should undergo 
balance and gait screening with the “get up and go” test. This test is appropriate for screening 
because it is a quantitative evaluation of general functional mobility. Persons are timed in their 
ability to rise from a chair, walk 10 feet, turn, and then return to the chair. Most adults can 
complete this task in 10 seconds, and most frail elderly persons, in 11 to 20 seconds. Those 
requiring more than 20 seconds should be considered for a comprehensive evaluation. A strong 
association exists between performance on this test and a person’s functional independence in 
activities of daily living. 


Patients with recurrent falls or who are at increased risk for falls should undergo a fall 
evaluation. Typically, this consists of a focused history covering fall circumstances, prescribed 
and over-the-counter medications, acute and chronic medical problems, and mobility level. 
Physical examination should include vision; gait and balance; lower extremity strength and joint 
function; neurologic examination, including mental status, sensory function, proprioception, and 
cerebellar function; and a cardiac evaluation, including postural pulse and blood pressure. 
Further evaluation, including measurement of 25-hydroxyvitamin D levels, should be directed 
according to findings in the individual patient. 


A Cochrane review concluded that a multidisciplinary, multifactorial intervention program 
tailored to the patient’s needs is most like to be beneficial in preventing falls in elderly persons 


living in the community, reducing the relative risk of falls by about 20%. This type of program 
should include multiple interventions targeted to modify the identified risk factors, including gait 
training by physical therapists; prescription of and teaching the use of assistive devices by 
occupational therapists; exercise programs, including balance training; review and modification 
of medications (especially psychotropic agents); modification of home hazards; and treatment of 
cardiac problems, including postural hypotension. Single interventions likely to be beneficial 
include muscle strengthening and balance training at home by a trained professional; home 
hazard assessment and modification directed by a trained professional; withdrawal of 
psychotropic medication; cardiac pacing for patients with carotid sinus hypersensitivity; and tai 
chi group exercises. A Cochrane review concluded that hip protectors in older people who fall 
are ineffective in preventing hip fractures, partly owing to limited patient acceptance and 
adherence because of discomfort. A meta-analysis of five randomized controlled trials plus more 
recent trials suggest that vitamin D supplementation in elderly patients reduces the relative risk 
of falls by about 20% (number needed to treat = 15). The vitamin D dose should be 1000 IU 
daily with the goal of achieving a serum 25-hydroxyvitamin D level of 30 ng/mL (74.9 nmol/L) 
or greater. 


Periodic case finding in primary care: 
Ask all patients about falls in the past year 


| Nofals | Single fall Recurrent falls 


No Gait/ balance Yes Patient presents 
No intervention > Fall evaluation to medical facility 
problems? 
after a fall 


Assessment 
* History 
* Medications 
* Vision 
* Gait and balance 
* Lower limb joints 
* Neurologic 
= Cardiovascular 


Multifactorial intervention 
(as appropriate) 


* Gait, balance, and exercise programs 


s Medication modification 

* Postural hypotension treatment 

* Environmental hazard modification 
= Cardiovascular disorder treatment 


Figure 36. Assessment and management of falls. 


Reprinted from Guideline for the prevention of falls in older persons. American Geriatrics 
Society, British Geriatrics Society, and American Academy of Orthopaedic Surgeons Panel on 
Falls Prevention. J Am Geriatr Soc. 2001;49(5):664-672. [PMID: 11380764] Copyright 2001, 
the American Geriatrics Society with permission from Blackwell Publishing Ltd. 


Table 57. Causes of Falls in Older Persons 


Cause Mean (%) 
Accident and environment related 31 
Gait and balance disorders or weakness 17 


Dizziness and vertigo 13 


Drop attack 9 
Confusion 5 
Postural hypotension 3 
Visual disorder 2 
Syncope 0.3 
Other specified cause 15 
Unknown 5 


Adapted with permission from Rubenstein LZ, Josephson KR. Falls and their prevention in 
elderly people: What does the evidence show? Med Clin North Am. 2006;90(5):810. [PMID: 
16962843] Copyright 2006, with permission from Elsevier. 
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Home Safety 


In the United States, unintentional injuries are the ninth leading cause of death in persons aged 
65 years and older. Falls rank first as the cause of accidental death, followed by fires and 
poisoning. For every fatal home injury, there are 650 nonfatal injuries. However, older adults 
value their independence and often prefer to “age in place,” even though their safety may be 
compromised by declining function. This desire often leads them to conceal problems with their 
home environment due to the fear that they will be taken from their home, instead of asking for 
help. Reluctance by older adults to make home modifications may be due to beliefs such as “my 
disability is temporary,” “modifications are unattractive and too expensive,” or “my landlord will 
not allow it.” It is often up to a family member, friend, home health nurse, or other caregiver to 
identify home safety problems and initiate remedies. When questions arise about the safety of a 
patient at home, a home health referral for a home safety assessment is often warranted, 
particularly in preparation for discharge home after a hospitalization or a rehabilitation facility 
stay. 


A Cochrane review found no studies demonstrating a reduction in injuries from modification of 
the home environment to reduce hazards; however, two studies were identified that demonstrated 
a reduction in falls. The review concluded that better designed studies were needed. Table 58 
lists some commonly recommended safety interventions. Educational resources on home safety 
are available from the Home Safety Council, the National Resource Center for Safe Aging, the 
National Center for Injury Prevention and Control, the National Fire Protection Association, and 
the Consumer Product Safety Commission. 


Table 58. Home Safety Interventions 


Fire Prevention 
Have smoke alarms that work 
Make a home escape plan 
Keep escape routes clear 
Keep a phone where it can be used to call for help 
Smoke safely: use large deep ashtrays on sturdy surfaces; do not smoke in bed or when sleepy 
Stay in the kitchen when food is cooking on the stove; consider using a microwave oven 


Make sure space heaters have adequate space away from things that can burn; turn them off if 
you leave the room, or do not use them 


Make sure electrical cords and appliances are in good shape; do not overload electrical outlets 
Have fire extinguishers that you know how to use and are not out of date 
Falls Prevention 
Have handrails on both sides of stairs and steps, extending the full length 
Have adequate lighting at both the top and bottom of stairs 
Tape small rugs to the floor or do not use them at all 
Have night lights in bedroom, hall, and bathroom 
Have grab bars in tub and shower 
Keep sidewalks and paths clear 
Repair broken steps and walkways 
Remove clutter from floor 
Keep wires and cords away from walking areas 
Move things you use from higher shelves to lower ones 
If you need a step stool, make sure it has a wide base and a bar to hold on to 
Use non-skid mat in tub and shower 
Wear shoes at all times 
Have a phone near the floor in case of a fall 
Consider wearing an alarm device 
Poison Control 
Use a pill box or other system to follow medicine dosages carefully 
Install a carbon monoxide detector 


Recommendations from the Home Safety Council, www.homesafetycouncil.org/SafetyGuide. 
Accessed July 7, 2009. 
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Assessment of the Elderly Driver 


Although older drivers do not have high overall rates of motor vehicle crashes, they are involved 
in more fatalities and crashes per mile driven than any other age group except those aged 16 to 
24 years. Any report of an accident or moving violation involving an elderly patient should 
trigger an assessment of the person’s driving capacity. In addition, patients with known cognitive 
losses, limitations in movement of the neck or extremities, cardiac arrhythmias, or a history of 
falls should be considered as high risk and require closer evaluation. All patients who drive 
should be routinely asked about recent accidents or moving violations. Driving restrictions in 
patients with dementia are discussed in MKSAP 15 Neurology. 
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Mild Cognitive Impairment and Dementia 


The normal aging process has many effects on memory. The ability to memorize, acquire and 
retain new information, and recall names diminishes with advancing age, particularly in those 
older than 70 years. This process is also referred to as benign senescent forgetfulness. Memory 
problems in clinical practice represent a spectrum of diagnoses, from mild forgetfulness, with no 
objective decline in cognition or effects on functioning, to dementia, with significant deficits in 
various aspects of cognition and functioning. Mild cognitive impairment (MCI) is defined as a 
decline in memory or other domain of cognition without impact on patient functioning (that is, 
the process is not dementia). MCI and dementia are discussed more fully in MKSAP 15 


Neurology. 


Screening asymptomatic patients for MCI might be a reasonable strategy if MCI consistently 
progressed to dementia and there were treatments to prevent or delay the progression of MCI to 
dementia. However, the heterogeneity of MCI is revealed in the fact that 20% to 25% of patients 
with MCI return to normal, thus making discussions of prognosis difficult. Furthermore, no 
pharmacotherapy has been proved to prevent MCI or slow its transition to dementia, including 
cholinesterase inhibitors (donepezil, rivastigmine, galantamine, which all have adverse effects), 
statins, folate with or without vitamin B12, vitamin E, melatonin, ginkgo biloba, or omega-3 fatty 
acids. Lifestyle modifications (such as moderate exercise, dancing, or doing crossword puzzles) 
have not been shown to be effective in preventing or treating MCI, but observational evidence 
supports their use, and the associated risks may be small. Control of cardiovascular risk factors 
(hypertension, diabetes mellitus, hyperlipidemia) should follow established national guidelines. 


For reports or suspicion of memory or cognitive impairment (from patients or family members), 
the most frequently used and most extensively studied dementia evaluation test is the Mini— 
Mental State Examination (MMSE). Scores below 24 points (out of a possible 30) are highly 
correlated with cognitive loss, but the MMSE is insufficiently sensitive to test memory. The most 
sensitive tool for assessing impairment of short-term memory is the three-word recall test. The 
clock-drawing test is useful to evaluate cognitive deterioration over time. The National Institute 
of Aging Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) 10-word list 


tests multiple cognitive domains and may be more useful in detecting the earliest changes of 
Alzheimer disease. There is no consensus about the role of full neuropsychiatric testing, or the 
need for neuroimaging, in patients believed to have MCI. 


Patients with MCI and their caregivers should be made aware of the uncertain nature of MCI and 
the unpredictability of progression. They should be educated about signs and symptoms of 
progression to dementia and followed at regular intervals (for example, every 6 months). 
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Incontinence 


e Epidemiology and Detection 
e Evaluation 


e Treatment 
e Male Incontinence 
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Epidemiology and Detection 


The three types of urinary incontinence (UD) are stress, urge, and mixed (with features of both 
stress and urge UI), each accounting for roughly one third of cases (although in some studies, 
stress UI accounts for up to half of cases). In women, stress UI is most common, beginning to be 
a problem following childbirth and in middle age. Prevalence of UI in community-dwelling 
women increases with age, from 19% in women younger than 45 years to 29% in women 80 
years and older. In community-dwelling men, the prevalence ranges from 5% in men younger 
than 45 years of age to 21% in men 65 years and older. Prevalence in nursing homes is much 
higher, with rates of 60% to 78% in women and 45% to 72% in men. Caregiver burden related to 
UI is a common factor leading to institutionalization. Besides sex and age, other risk factors for 
UI include trauma (childbirth, prostatectomy, radiation), obesity, limited physical inactivity, 
neuropsychiatric conditions (multiple sclerosis, dementia, stroke, diabetic neuropathy), and 
constipation or other bowel disorders. 


Moderate to severe UI leads to embarrassment, stigma, and impaired social and occupational 
functioning. This leads to patients hiding UI from their families as well as their physicians: fewer 
than half spontaneously report their symptoms during health care visits. A simple screening 
question for identifying patients with UI (or fecal incontinence) is: “How often do you leak urine 
or stool?” A suggested follow-up question for those who respond positively is: “Do you use pads 
or protective garments?” 
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Evaluation 


A practical approach to the office assessment of UI is outlined in Table 59. After detecting UI 
either by a patient’s spontaneous report or by the use of screening questions, it is important to 
first consider transient (reversible) causes that are extrinsic to the bladder, sphincter, and 
neurogenic regulation. Once transient causes are excluded or are identified and treated, a voiding 
diary that records frequency, volume, timing (daytime vs. nocturnal), and antecedent factors may 
be useful. Downloadable voiding diaries can be found at www.augs.org. A 3-day period is 
typically sufficient to characterize a patient’s voiding profile. 


The history, augmented with a voiding diary when necessary, is often adequate to classify the 
patient’s UI as stress, urge, or mixed, along with a focused physical examination and urinalysis. 
Postvoid residual urine volume determination is most useful if overflow incontinence due to 
outlet obstruction or a flaccid neurogenic bladder is suspected. Detailed urologic evaluations, 
such as cytoscopy and urodynamic testing, are unnecessary in uncomplicated UI. 


Table 59. Office Evaluation of the Patient with Urinary 
Incontinence 


Screening questions How often do you leak urine or stool? If the patient reports 
incontinence, ask: 


e Do you use pads or protective garments? 
e Has this problem made you cut down on activities or stay home 
more? 
Rule out transient Drugs (diuretics, medications with autonomic effects) 
Devers) oe Infections (urinary tract) 
CDIBEERD ) Atrophic vaginitis 
Psychiatric/central nervous system (depression, delirium, dementia) 
Endocrine/metabolic (such as hyperglycemia, hypercalcemia) 
Restricted mobility (neurologic or musculoskeletal problems) 
Stool impaction 


History Stress incontinence features? (small volume after cough, exercise, 
straining) 


Urge incontinence features? (larger volume after sense of urgency to 
void) 

Voiding diary (3 days) to determine frequency, volume, and triggers 
Prior surgery (abdominal, urologic, gynecologic, orthopedic) 

Prior genitourinary trauma or instrumentation 


Physical examination Abdominal (palpable bladder suggesting possible overflow 
incontinence) 


Genitourinary: 


e Pelvic examination in women (uterine prolapse; atrophic vaginitis; 
cysto-or rectoceles) 
e Prostate examination in men (enlargement) 


Lower extremity neurologic (screening for neurogenic bladder) 


Postvoid residual In selected situations, determine postvoid residual volume by in-and- 

volume assessment out catheter or by ultrasonography after patient voids. (Normal is less 
than 50-100 mL; abnormal may be above 200-300 mL.) 

Laboratory studies Urinalysis or urine dipstick (culture if there is pyuria or hematuria) 


Indications for referral | Hematuria 
Voiding difficulty 
Pelvic mass or prostate enlargement or abnormality 
Palpable bladder on bimanual or abdominal examination after voiding 


Possible overflow incontinence (e.g., neurogenic bladder or 
obstruction; postvoid residual urine >300 mL) 


Symptomatic prolapse at or below the vaginal introitus 
Persistent bladder or urethral pain 

Associated fecal incontinence 

Suspected neurologic disease 

Suspected urogenital fistula 


Previous continence surgery, prostate surgery, or pelvic surgery or 
radiation therapy 
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Treatment 


Interventions for UI comprise three major categories: behavioral, pharmacologic, and surgical. 
As UI disproportionately affects women, and much of the research into the management of UI 
relates to women, treatment of UI in women is first reviewed, followed by a brief discussion of 
issues unique to men. 


Table 60 highlights the interventions for UI in women supported by the strongest evidence from 
randomized, controlled trials. In pelvic floor muscle training (PFMT), women learn repetitive 
exercises (Kegel exercises) to strengthen the voluntary urethral sphincter and levator ani 
muscles. For PFMT to be effective, it is important that the patient learn to correctly contract her 
muscles without straining, which increases abdominal pressure. Each contraction is held for 
approximately 10 seconds, followed by an equal relaxation period. The number of repetitions 
should be increased weekly until the patient is performing 8 to 12 repetitions three times daily, 
every day or at least 3 to 4 days per week. 


Because only 30% of women can perform an ideal pelvic floor muscle contraction after written 
or verbal instruction, many trials have augmented PFMT with biofeedback, which can be done 
by the examiner, the patient, or with specialized equipment. The patient is advised to contract the 
circumvaginal muscles as if she is interrupting her urinary stream or preventing flatus. If the 
examiner’s fingers are drawn inward during a vaginal examination, this indicates appropriate 
levator ani contraction; if the fingers are pushed outward, inappropriate abdominal muscle 
contraction has occurred. The patient can perform this maneuver at home with self-palpation of 
the vagina during PFMT, usually during or immediately following bathing. Another option for 
providing feedback is to contract the pelvic floor muscles while seated in a chair. This strategy 
should produce proprioceptive awareness of tightening the entire horseshoe-shaped levator ani, 
combined with tightening and slight elevation of the anal sphincter. Patients who have difficulty 
isolating the pelvic floor muscles can place a hand over the rectus abdominis during contraction, 
providing tactile feedback as they perceive contraction of the abdominal muscles with a 
simultaneous rise in abdominal pressure. Patients who cannot learn to identify, contract, and 
relax the pelvic floor muscles after 4 weeks of self-directed PFMT should be referred for 
computer-enhanced electromyographic or manometric biofeedback. 


Bladder training is a formalized toileting technique to increase functional bladder capacity and 
reduce UI frequency by gradually increasing the time between voiding. It can be used in 
motivated patients with stress, urge, or mixed UI. During waking hours, the patient is taught to 
void routinely by the clock, regardless of the desire to urinate. No attempt is made to regulate 
nighttime voiding patterns. The time interval between voiding is gradually increased, usually by 
15 to 30 minutes on a weekly basis, to attain a 2- to 3-hour voiding interval. Episodes of urgency 
between scheduled toileting times are managed by urge suppression, consisting of slow deep 
breathing and three to five rapid pelvic floor muscle contractions. The patient is also encouraged 
to distract herself by counting backward from 100 by sevens or by silently repeating a self- 
affirming statement, such as “I will conquer my urgency.” Once the urge has subsided, the 
patient should walk to the bathroom to urinate without rushing, but without excessive delays. 


Pharmacologic treatments for which there is strong evidence from randomized, controlled trials 
include duloxetine for stress UI (off-label indication in the United States) and anticholinergic 
drugs for urge UI. Oral estrogens were once commonly prescribed for UI in postmenopausal 
women with atrophic vaginitis, but recent studies have shown that these agents actually worsen 
UI. Transdermal and vaginal administration of estrogen have proved beneficial in some trials, 
although the results have been inconsistent. The tricyclic antidepressant imipramine has been 
used to treat incontinence, but evidence regarding its effectiveness is inconclusive. Adrenergic 
drugs have not proved effective. 


Surgery is used mainly in the treatment of stress UI. Options include retropubic suspension 
(urethropexy) and pubovaginal slings. Long-term studies of retropubic suspension have shown 5- 
year cure rates of 82% and 10-year cure rates of 55% to 69%. Sling procedures have a cure rate 
and an improvement rate equal to retropubic suspensions but with less information about long- 
term outcomes. 


Catheterization may be necessary in patients with persistent urinary retention that causes 
overflow incontinence, symptomatic infections, or renal dysfunction. This most commonly 


occurs in individuals with a flaccid neurogenic bladder due to diabetic neuropathy or neurologic 
disorders or injuries causing lower motor denervation. Intermittent catheterization is preferred if 
the patient or caregiver can perform the technique. Long-term indwelling catheterization may be 
indicated for: (1) chronic retention in patients unable to manage intermittent catheterization; (2) 
urine contamination of skin wounds or pressure sores; or (3) distress and disruption caused by 
bed and clothing changes. Indwelling suprapubic catheters are an alternative that may cause 
lower rates of urinary tract infections and urethral complications. 


Medical devices, such as vaginal cones, incontinence pessaries, or disposable intravaginal 
devices, have not shown benefit in randomized, controlled trials. Treatments for which the 
evidence is inconclusive include injectable bulking agents and electrostimulation. Although 
obesity is a risk factor for incontinence, evidence to determine whether weight loss improves 
incontinence is lacking. Patients with UI are often advised to avoid excessive fluid intake (>3 to 
4 L daily) in general, and caffeinated beverages and alcohol in particular, although to what 
degree this dietary manipulation is effective for UI is uncertain. Absorbent products, handheld 
urinals, and toileting aids may be used as coping strategies while awaiting definitive treatment or 
as an adjunct to ongoing therapy, but should be used in long-term management of UI only after 
other treatment options have been explored. 


Table 60. Evidence-Based Interventions for Stress and Urge 
Incontinence in Women 


Indication? 
Intervention Stress Urge Description Comments 
Behavioral 
Pelvic floor +++ + At least 24 30 RCTs tested PFMT alone or combined 
muscle training contractions daily with bladder training. Most of the RCTs 
(PFMT) (eight contractions 3 (22/30) used biofeedback to enhance 


times daily) at least PFMT. More long-term follow-up studies 
3-4 times per week are needed to determine if continued 


for >6 weeks exercises are necessary to sustain benefits. 
Bladder training + + Increase voiding Five RCTs (but four combined with 
(timed voiding) interval by 15-30 PFMT). Most commonly used for urge 


min/week to attain a incontinence, although sometimes a 

2-3 h voiding interval component of PFMT trials for stress 
incontinence. The single trial (N = 131) 
that studied bladder training alone showed 
that it did improve incontinence. 

Pharmacologic 
Anticholinergic +++ Oxybutynin 5-10 mg Cochrane review included 61 RCTs of 

three times daily (or overactive bladder in adults. Another six 

extended release 10- RCTs focused on women only. Dry mouth 

15 mg/d) is most common side effect. 


Tolterodine extended 
release 4 mg/d 


Duloxetine +++ 20-80 mg/d, with no 10 RCTs (n = 3633) showed improvements 
clear dose-response in incontinence. Approved in Europe for 
relationship SUIL. In the United States, approved as 


antidepressant, but does not have an FDA 
indication for SUI. 


Surgical 
Retropubic ++ Permanent sutures Sutures at bladder neck supported to either 
suspension placed through Cooper ligament (Burch colposuspension) 


suprapubic incision or the periosteum of the pubic symphysis 
(Marshall-Marchetti-Krantz procedure). 


Pubovaginal ++ A strip of tissue or Efficacy similar to retropubic suspension, 
sling mesh is used to although long-term outcomes less well- 
support bladder neck established. A modification is the 
midurethral tension-free vaginal tape 
procedure. 


PFMT = pelvic floor muscle training; RCT = randomized controlled trial; SUI = stress urinary 
incontinence. 


“Strength of evidence from randomized clinical trials by type of incontinence. 


Data from Shamliyan TA, Kane RL, Wyman J, Wilt TJ. Systematic review: randomized, 
controlled trials of nonsurgical treatments for urinary incontinence in women. Ann Intern Med. 
2008; 148(6):459-473. [PMID: 18268288] Copyright 2008, American College of Physicians. 
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Male Incontinence 


Incontinence in men typically begins in later years and most commonly is caused by detrusor 
instability (urge UD; prostatic disease and its complications or treatment; and central nervous 
system disorders, such as stroke, dementia, and Parkinson disease. Benign prostatic hyperplasia 
is acommon cause of voiding problems but seldom causes incontinence unless obstruction is 
severe enough to cause urinary retention. 


Evidence-based treatments that have proved effective for urge UI in women, particularly bladder 
training and anticholinergic medications, may also be beneficial in men. As stress and mixed 
incontinence can occur in men, PFMT may also play a role, particularly in the setting of prostate 
disease or its treatment. Guidelines regarding intermittent and indwelling catheterization for UI 


in women also apply to men. Condom catheters are often considered an option in men but can 
predispose to urinary tract and skin infections. 
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Pressure Ulcers 


e Risk Factors and Prevention 
e Treatment 
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Risk Factors and Prevention 


Pressure ulcers may result from continuous pressure, friction (such as from repositioning a 
patient in bed without lifting), and shear forces to the skin (as from raising the head of a bed 
more than 30 degrees). Pressure ulcers occur in up to 38% of hospitalized patients, up to 24% of 
nursing home patients, and up to 17% of home care populations. Bony prominences below the 
waist are most prone to developing pressure ulcers. Risk factors include increased age, reduced 
mobility, sensory impairment, reduced level of consciousness, acute and chronic illness, 
malnutrition, vascular disease, incontinence, and poor skin condition. 


A targeted preventive approach is less costly than one focused on treatment of established ulcers. 
Patients at risk of developing pressure ulcers should be identified soon after each hospital or 
nursing home admission, with reassessment if there is a change in the patient’s condition. Expert 
opinion recommends the consistent use of a validated risk assessment tool, such as the Braden 
Scale for Predicting Pressure Sore Risk (www.bradenscale.com), supplemented by clinical 
judgment. Skin inspection of those at risk should occur regularly, and patients who are willing 
and able to should inspect their own skin. 


A variety of therapeutic support surfaces have been developed with the goal of preventing 
pressure ulcers in patients at risk. A recent systematic review of such interventions concluded 
that specialized foam mattresses or overlays and specialized sheepskin overlays reduce the 
incidence of pressure ulcers compared with standard hospital mattresses and that mattress 
overlays on operating tables decrease the incidence of postoperative pressure ulcers. Any 
additional advantage from “higher-tech” constant low-pressure and alternating-pressure 
mattresses is unclear. Cost and patient preference may be the important factors in choosing 
among these preventive strategies. Air-filled vinyl boots, water-filled gloves, regular sheepskin, 
and doughnut-type devices are likely to be harmful and should not be used. Although there is 
limited scientific evidence for regular repositioning (“turning”), nutritional supplements, various 
seat cushions, and lotions, these interventions have a role in many situations. It is important to 
avoid friction, shear, and excessive skin moisture, which may result from perspiration, urinary or 
fecal incontinence, or excessive wound drainage. 
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Treatment 


Classification of pressure ulcers is shown in Table 61 and is useful for documenting the 
examination findings and planning treatment. Treatment of pressure ulcers is best managed with 
an interdisciplinary team approach, with a care plan directed toward addressing the factors that 
predisposed to the development of the ulcer. Dressings should be chosen to maintain a moist 
wound environment and manage exudates. When present, infection should be controlled with 
topical therapies and the addition of systemic antibiotics when cellulitis is present. The 
possibility of underlying osteomyelitis should be considered. Surgical or nonsurgical 
débridement of eschars and nonviable tissue may be needed. Protective creams or solid barrier 
dressings should be used to protect the skin surrounding the wound. Air-fluidized beds are likely 
to improve healing compared with other pressure relief devices, although they make it harder for 
people to get in and out of bed independently. Cochrane reviews do not support a role for 
electromagnetic therapy, ultrasound therapy, or hyperbaric oxygen in pressure ulcer treatment. 


Table 61. Classification of Pressure Ulcers 


Stage Description 


Suspected deep Purple or maroon localized area of discolored, intact skin or blood-filled blister 
tissue injury due to damage of underlying soft tissue from pressure and/or shear. May be 
difficult to detect in persons with dark skin tones. 


Stage I Intact skin with nonblanchable redness of a localized area, usually over a bony 
prominence. Darkly pigmented skin may not have visible blanching; its color 
may differ from the surrounding area. 


Stage II Partial-thickness loss of dermis presenting as a shallow open ulcer with a red- 
pink wound bed, without slough. May also present as an intact or open/ruptured 
serum-filled blister. 


Stage III Full-thickness tissue loss. Subcutaneous fat may be visible but bone, tendon, or 
muscle are not exposed. Slough may be present but does not obscure the depth 
of tissue loss. May include undermining and tunneling. Depth varies by 
anatomic location and may be extremely deep in areas of significant adiposity. 


Stage IV Full-thickness tissue loss with exposed bone, tendon, or muscle. Slough or 
eschar may be present on some parts of the wound bed. Often includes 
undermining and tunneling. 


Unstageable Full-thickness tissue loss in which the base of the ulcer is covered by slough 


(yellow, tan, gray, green, or brown) and/or eschar (tan, brown, or black) in the 
wound bed. 


Adapted with permission from National Pressure Ulcer Advisory Panel. Pressure ulcer stages 
revised by NPUAP. http://npuap.org/pr2.htm. Published February 2007. Accessed July 14, 2009. 
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Perioperative Medicine 


General Approach 


Cardiovascular Perioperative Medicine 
Pulmonary Perioperative Medicine 


Hematologic Perioperative Medicine 
Endocrine Perioperative Medicine 
Renal Perioperative Medicine 
Hepatic Perioperative Medicine 


Neurologic Perioperative Medicine 


Key Points 


e Preoperative testing should be selective and based on the likelihood of finding an 
abnormality that will change management. 

e Medications that should be discontinued or modified before surgery include antiplatelet 
agents, anticoagulants, hypoglycemic drugs, and corticosteroids. 

e Most cardiac medications should be continued perioperatively, with the exception of 
diuretics in patients who may be hypovolemic and antiplatelet agents. 

e In patients with active cardiac conditions, noncardiac elective surgery should be delayed 
or canceled pending further evaluation and treatment. 

e Patients with adequate functional capacity and without active cardiac conditions can 
usually proceed to surgery without preoperative cardiovascular testing. 

e -Blockers and statins should be continued perioperatively in patients already taking 
these agents, and their use should be considered in high-risk patients scheduled for high- 
risk surgery. 

e Smoking cessation more than 8 weeks before surgery improves pulmonary function and 
may decrease the incidence of complications. 

e Good evidence supports the use of routine lung expansion maneuvers to prevent 
postoperative pulmonary complications. 

e Preoperative spirometry and chest radiography should not be used routinely for 
predicting risk for postoperative pulmonary complications. 

e Sequential compression devices should only be used as sole prophylaxis for venous 
thromboembolism in patients at high risk for bleeding or with contraindications to 
pharmacologic prophylaxis. 

e The risk for venous thromboembolism (VTE) is highest in patients with multiple risk 
factors for VTE and in those undergoing hip or knee arthroplasty, hip fracture surgery, 
and surgery for major trauma or spinal cord injury. 

e Effective preventive strategies for patients at highest risk for venous thromboembolism 
include low-molecular-weight heparin, vitamin K antagonist, and fondaparinux. 

e Screening tests for coagulopathy are indicated only in patients with a personal or family 
history of a bleeding disorder or in patients with alcohol or drug abuse, liver disease, or 
on anticoagulants. 

e Although there is no clear cut-off for perioperative blood transfusion in patients with 
anemia, a threshold hemoglobin level of 7 to 8 g/dL (70-80 g/L) in otherwise stable 
asymptomatic patients is generally recommended. 

e Most experts do not recommend intensive insulin control for critically ill patients, 
including surgical patients in the intensive care unit. 

e Mild to moderate hypothyroidism does not increase surgical risk, but hyperthyroidism 
does and should be treated preoperatively. 

e Patients with a history of corticosteroid use should be considered for stress-dose coverage 
if they took more than the equivalent of 20 mg/d prednisone for at least 3 weeks within 
the past 6 to 12 months. 

e Predictors of postoperative renal failure include older age, emergency or high-risk 
surgery, liver disease, peripheral arterial disease, BMI of 32 or greater, chronic 
obstructive pulmonary disease requiring bronchodilator therapy, intraoperative 
vasopressors, and diuretic use. 


e Chronic hepatitis that is medically stable does not usually significantly increase surgical 
risk. 

e Asymptomatic bruits are not correlated with risk of postoperative stroke and rarely 
warrant further investigation preoperatively. 

e Elective surgery should be postponed for at least 2 weeks after a stroke. 

e Management of postoperative delirium includes a quiet environment, treating the 
precipitating causes, avoiding physical restraints, and use of low-dose haloperidol. 
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General Approach 


The role of the medical consultant for preoperative evaluation is to assess and minimize risk by 
evaluating the patient’s medical problems, including severity and degree of control and need for 
further testing; optimizing medical treatment; and recommending risk reduction strategies. 
Personal communication with the surgeon and anesthesiologist is key, both to clarify the specific 
question being asked and to discuss the management plan. To improve adherence to 
recommendations, recommendations should be limited, specific, and focused on the central 
issues, and follow-up should be provided. 
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Preoperative Laboratory Testing 


Preoperative testing should be selective, based on the likelihood of finding an abnormality and, 
more importantly, that the result will change management. The results of most screening tests 
will be normal, and any abnormalities found usually do not affect management. Additionally, 
patients with previously normal laboratory studies in the 4 months prior to surgery and no 
change in their clinical condition rarely warrant repeat testing. However, most hospital policies 
continue to require preoperative screening tests despite the evidence to the contrary. 
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Perioperative Medication Management 


Preoperative medicine reconciliation is an important safety measure, and the medical consultant 
should obtain a complete list of the patient’s medications, including prescription medications, 
over-the-counter drugs, and herbal products. In assessing whether a medication should be 
continued, modified, or discontinued prior to surgery, considerations include the indication and 
need for the medication, the effect on the disease if the drug is stopped, the pharmacokinetics of 
the drug, and the risk of adverse effects or interactions with anesthetics if the drug is continued. 
Certain medications are essential, and most can be continued safely. Medications that should be 


discontinued or modified before surgery include antiplatelet agents, anticoagulants, 
hypoglycemic drugs, and corticosteroids (discussed in subsequent sections). In addition, the 
potential benefits of prophylactically starting a drug (for example, a B-blocker) should be 
assessed. Recommendations for perioperative management of various medications are 
summarized in Table 62. 


Table 62. Perioperative Medication Management 


Medication Recommendation 
Class 


Anticoagulant Continue for minor surgery. Discontinue before major surgery: 6 h for 
intravenous heparin; 12-24 h for LMWH; 3-5 d for warfarin; Patients on 
chronic warfarin therapy may require a heparin “bridge” if at high risk for 
thrombosis. 


Antiplatelet Clopidogrel: discontinue 3-7 d before surgery. Aspirin: continue if minor 
surgery or recent myocardial infarction (up to 6 months), percutaneous 
coronary intervention, or stroke; otherwise, discontinue 5-10 d before major 
surgery. NSAIDs and COX-2 inhibitors are usually discontinued 1-3 d before 
surgery. 

Cardiovascular Continue B-blockers, calcium channel blockers, nitrates, ACEIs, and ARBs. 
Diuretics optional (usually withheld). 


Lipid lowering Continue statins; hold cholestyramine. 


Pulmonary Continue controller and rescue inhalers. Probably continue leukotriene 
antagonists (montelukast, zafirlukast) and lipoxygenase inhibitors. 

Gastrointestinal Continue H, receptor blockers, proton pump inhibitors, and immunomodulators 
(azathioprine, 6-mercaptopurine, infliximab) 

Hypoglycemic Oral hypoglycemics: discontinue 12-72 h before surgery depending upon half- 

agents life of the drug and risk of hypoglycemia. Intermediate-acting insulin: give 1/2 
to 2/3 of usual AM dose. Basal insulin: continue or reduce dose. 


Thyroid Continue thyroid replacement, propylthiouracil, methimazole, and potassium 
iodide. 

Corticosteroids Continue; increase to stress doses if indicated. 

Estrogen Discontinue hormone replacement therapy several weeks before surgery (or 
continue oral contraceptives and increase level of DVT prophylaxis). 

Psychiatric Discontinue MAOIs 10-14 d before surgery; consider withholding SSRIs 2-3 


weeks before neurosurgery. Continue antipsychotic medications. Tricyclic 
antidepressants and lithium may be continued, although some experts taper and 
discontinue several days before surgery. 


Neurologic Continue anticonvulsants. May continue antiparkinsonian agents, although 
some experts may discontinue the night before surgery. Discontinue Alzheimer 
drugs. 


Herbal Discontinue up to | week before surgery. 


ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; DVT = 
deep venous thrombosis; LMWH = low-molecular-weight heparin; MAOI = monoamine oxidase 
inhibitor; SSRI = selective serotonin reuptake inhibitor. 
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Cardiovascular Perioperative Medicine 


e Cardiac Medication Management 
e Risk Assessment 
e Risk Reduction Strategies 
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Cardiac Medication Management 


Most cardiac medications and antihypertensive agents should be continued perioperatively, 
including on the morning of surgery. Diuretics should be withheld if there is a suggestion of 
hypovolemia. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers may 
increase the risk of hypotension with induction of anesthesia, and discontinuation of these agents 
may be considered, although they have not been associated with increased risk of myocardial 
infarction or death. 


Somewhat controversial is the perioperative management of antiplatelet therapy, especially in 
patients with coronary stents. The risk of discontinuing antiplatelet therapy needs to be compared 
with the risk of bleeding if it is continued. Aspirin and clopidogrel cause irreversible platelet 
inhibition and are typically discontinued several before surgery in patients without stents. In a 
patient with a coronary stent, elective noncardiac surgery should be postponed until the 
recommended course of dual antiplatelet therapy has been completed (see MKSAP 15 
Cardiovascular Medicine). If surgery is urgent or emergent, the American College of 
Cardiology/American Heart Association (ACC/AHA) recommends that aspirin be continued if 
possible and clopidogrel be restarted as soon as possible after the surgery. 
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Risk Assessment 


The ACC/AHA recommends a five-step approach to assessing cardiovascular risk prior to 
noncardiac surgery (Figure 37). The ACC/AHA approach includes the urgency of surgery, the 
presence of active cardiac conditions, the risk of the surgery, the patient’s functional capacity, 
and the presence of other clinical risk predictors as defined by the Revised Cardiac Risk Index 


(RCRI). The RCRI is based on six factors that predict major cardiac complications: high-risk 
surgery; history of ischemic heart disease, heart failure, or cerebrovascular disease; diabetes 
mellitus treated with insulin; and renal insufficiency (serum creatinine >2 mg/dL [176.8 
umol/L]). Cardiac complications occurred in approximately 1% of patients with zero or one risk 
factor, 5% of those with two risk factors, and 10% of those with three or more risk factors. 


Patients with active cardiac conditions (see Figure 37) are at high risk for complications and 
require further testing and/or treatment prior to elective surgery. If the surgical procedure is low 
risk, additional testing or interventions are unlikely to lower risk. Functional capacity tends to 
correlate with complications, and if a patient has adequate exercise capacity (©4 metabolic 
equivalents: ability to climb a flight of stairs, walk up a hill, or walk on level ground at 4 
miles/hour), no further cardiac testing is usually necessary. For those patients not meeting any of 
the above criteria, the RCRI factors are used to decide whether further testing is indicated. In 
general, the overriding theme of the ACC/AHA algorithm is that testing should only be done if 
the results will affect management, and prophylactic revascularization is rarely necessary just to 
get a patient through surgery. 


Proceed with surgery 
Step 1 Need for emergency surgery? (Optimize medical therapy 
as time permits) 
No 
Yes Delay surgery for further 
Step 2 Active cardiac conditions*? sin A Mae need 
No 
- Yes 3 
Step 3 Low-risk surgery”? Proceed with surgery 
No 
Adequate functional capacity ; 
Step 4 (24 METs) without symptoms? Proceed with surgery‘ 
None ; 
No or Proceed with surgery 
unknown 
Proceed with surgery; consider 
How many clinical perioperative heart rate control 
Step 5 risk factors“? and/or noninvasive testing 
23; (if it will change management) 
intermediate- 
risk surgery? 


Consider noninvasive testing if 


>3- vascular it will change management 


surgery‘ 


Figure 37. Perioperative cardiac evaluation and care for 
noncardiac surgery. 

MET = metabolic equivalent. 

“Active cardiac conditions: unstable coronary syndromes (myocardial infarction <30 days ago, 
unstable or severe angina), decompensated heart failure, significant arrhythmia, severe valvular 
disease. 


"Low-risk surgical procedure examples: endoscopic, superficial, breast, cataract, ambulatory. 


“Consider noninvasive testing in patients undergoing vascular surgery with >1-2 risk factors if it 
will change management. 


“Clinical risk factors: (1) history of heart disease, (2) history of compensated or prior heart 
failure, (3) history of cerebrovascular disease, (4) diabetes mellitus, (5) renal insufficiency. 


“Intermediate-risk surgery: intraperitoneal, intrathoracic, endovascular aortic aneurysm repair, 
carotid endarterectomy, head/neck, orthopedic, prostate. 


"Vascular surgery: aortic or other major vascular surgery; peripheral vascular surgery. 


Recommendations from Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 
Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery: 
Executive Summary: A Report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 
Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). Developed in 
Collaboration With the American Society of Echocardiography, American Society of Nuclear 
Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for 
Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and 
Society for Vascular Surgery [erratum in Circulation. 2008;118(9):e141-142. Circulation. 2007 
Oct 23;116(17):1981. [PMID: 17901356] Copyright 2007 American Heart Association, Inc. 
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Risk Reduction Strategies 


Perioperative myocardial infarctions may result from ischemia due to a supply and demand 
mismatch or plaque rupture. To prevent these complications, interventions addressing these 
mechanisms include revascularization, B-blockers, and statins. Observational data from patients 
in the Coronary Artery Surgery Study (CASS) suggested that patients who had undergone 
coronary artery bypass grafting (CABG) had fewer postoperative myocardial infarctions and 
lower mortality rates after subsequent noncardiac surgery. This beneficial effect of CABG 
appeared to last approximately 4 to 6 years, but there was no benefit for patients undergoing low- 
risk surgical procedures, and the morbidity and mortality of CABG itself were not taken into 
account. More recently, the only randomized, controlled trial for coronary artery 
revascularization prophylaxis (CARP) failed to demonstrate a benefit in patients with stable 
cardiac symptoms undergoing elective vascular surgery, either for short-term outcome (30-day 
risk of myocardial infarction or death) or long-term mortality after an average of 2.7 years. 
However, patients with unstable symptoms, left main coronary artery disease, a left ventricular 
ejection fraction below 20%, or significant aortic stenosis were excluded. Percutaneous coronary 
intervention (PCI) is a lower-risk alternative to CABG for patients with amenable lesions. In 
patients who undergo angioplasty without stenting, the ACC/AHA recommends delaying surgery 
for at least 2 weeks following completion of the procedure. For patients who received 
angioplasty and stenting, elective surgery should be postponed for at least 4 to 6 weeks after bare 
metal stent placement and 12 months after a drug-eluting stent in order to complete the 
recommended course of dual antiplatelet therapy. 


The 2007 ACC/AHA guideline update recommends continuing B-blockers for patients on 
chronic B-blocker therapy. Otherwise, the guidelines recommend restricting B-blockers to 
patients with inducible ischemia who are undergoing elective vascular surgery. In addition, B- 
blockers may be considered for high-risk patients (RCRI score >3) undergoing vascular or 
nonvascular surgery. However, recent findings have emphasized the need for caution when 
considering the initiation of perioperative B-blockers. The 2008 POISE trial randomized more 
than 8000 patients to fixed-dose extended-release metoprolol versus placebo. (A high dose of 
metoprolol was used, and it was not titrated to the patient’s blood pressure or heart rate.) Patients 
receiving metoprolol had fewer perioperative myocardial infarctions and cardiac deaths; 
however, this was offset by higher overall mortality and more strokes. There was significantly 
more hypotension and bradycardia in the B-blocker group. A 2008 meta-analysis of 33 trials that 
included more than 12,000 patients found that B-blockers were not associated with any 
significant reduction in all-cause mortality, cardiovascular mortality, or heart failure, but were 
associated with a decrease in nonfatal myocardial infarction and myocardial ischemia and an 
increase in strokes. Until the risks and benefits of perioperative B-blockade are further clarified, 
patients already taking B-blockers should continue taking them during the perioperative period. 
For patients in whom the preoperative evaluation identifies an indication for B-blockade, the B- 
blocker should be initiated at least several days prior to surgery to allow for safe titration of the 
B-blocker dose. All patients who receive a -blocker in the perioperative period must be 
observed carefully for perioperative hypotension and bradycardia. In the absence of a clear 
indication, B-blockers should not be routinely started preoperatively. 


Observational studies suggest perioperative statins may be beneficial in patients undergoing 
major surgery; however, large randomized trials of prophylactic statin use are still lacking. A 
benefit is most likely due to the anti-inflammatory and plaque-stabilizing effects of statins, which 
are independent of their cholesterol-lowering effect. The ACC/AHA guidelines recommend 
continuing statins perioperatively in patients already taking them. The initiation of perioperative 
statin therapy in patients who are undergoing major vascular surgery with or without clinical risk 
factors is considered reasonable. 


Heart failure is a major risk factor that should be treated before elective surgery. Preoperative B- 
type natriuretic peptide level is being evaluated as a predictor of cardiac complications, but its 
current role should be considered investigational. 


Patients with symptomatic or severe valvular heart disease (primarily aortic stenosis) are at 
increased risk for cardiac complications and ideally are candidates for valve replacement prior to 
elective surgery. However, if patients are deemed too high risk for cardiac surgery or refuse 
surgery, it is often possible to safely get them through noncardiac surgery with medical therapy 
and close perioperative monitoring. Hypertension is usually considered a minor surgical risk 
factor, and blood pressure 180/110 mm Hg or below is not associated with an increased risk for 
postoperative cardiac complications. 
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Pulmonary Perioperative Medicine 


e Risk Assessment 
e Risk Reduction Strategies 
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Risk Assessment 


Although postoperative pulmonary complications are as common as cardiac complications, there 
are fewer good-quality studies of risk assessment. According to American College of Physicians 
guidelines for reducing perioperative pulmonary complications, the type, location, and duration 
(>3 hours) of surgery are the strongest predictors of pulmonary complications, with intrathoracic 
and upper abdominal procedures having the greatest risk followed by lower abdominal 
procedures. These operations reduce FEV, and FVC by approximately 50% and 25%, 
respectively. Surgery not invading the chest or abdomen has little effect on pulmonary function. 
Other surgery-specific risk factors include emergency surgery, general anesthesia, longer-acting 
neuromuscular blockers (especially pancuronium), and routine use of nasogastric tubes. 


Patient-specific risk factors include chronic obstructive pulmonary disease (but not stable 
asthma), older age (>60 years), higher American Society of Anesthesiologists (ASA) class (>II), 
heart failure, and functional dependence. Cigarette smoking increases risk in current smokers and 
possibly very recent quitters. A low serum albumin level (<3.5g/dL [35 g/L]) was also associated 
with postoperative pulmonary complications, but improving nutritional status by enteral or 
parenteral hyperalimentation failed to improve outcome. Surprisingly, obesity was not associated 
with increased risk of pulmonary complications, although obstructive sleep apnea was related to 
development of minor pulmonary complications. 
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Risk Reduction Strategies 


The American College of Physicians guidelines found good evidence to support the use of 
routine lung expansion maneuvers—ceither deep breathing exercises or incentive spirometry—to 
prevent postoperative pulmonary complications. Evidence was fair for other modalities, 
including selective nasogastric tube decompression (only used for symptoms or abdominal 
distention) and use of short-acting neuromuscular blockers. There is conflicting evidence 
regarding the use of neuraxial anesthesia and analgesia compared with general anesthesia and 
other methods of pain management. Similarly, smoking cessation more than 8 weeks before 
surgery improves pulmonary function and may decrease the incidence of complications; 
however, smoking cessation shortly before surgery does not prevent pulmonary complications, 
and controversy exists as to whether it may actually increase the risk of complications. Evidence 
regarding laparoscopic surgery is insufficient. Intraoperatively, laparoscopic surgery may 
compromise pulmonary function, but postoperatively, patients have less pain and better 


pulmonary function, and therefore may be at lower risk compared with patients who undergo 
open surgical procedures. 


Consensus opinion supports the use of preoperative spirometry for lung resection candidates to 
estimate postoperative pulmonary function. Spirometry also may be useful in patients with 
undiagnosed but suspected chronic obstructive pulmonary disease. Preoperative spirometry 
should not be used routinely for predicting risk for postoperative pulmonary complications. 
Spirometry does not usually add information beyond what was known or suspected clinically and 
rarely changes management. Patients diagnosed with symptomatic obstructive airway disease 
should have their treatment optimized with corticosteroids and inhaled B-agonists and 
anticholinergic agents. 


Evidence suggests that physicians are capable of predicting findings on most abnormal 
preoperative chest radiographs by history and physical examination alone and that radiographic 
results rarely influence preoperative management. There is some evidence that chest radiography 
is helpful for patients with known cardiopulmonary disease and those older than 50 years who 
are undergoing upper abdominal, thoracic, or abdominal aortic aneurysm surgery. 


Medications for pulmonary disease should be continued perioperatively. 
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Hematologic Perioperative Medicine 


e Venous Thromboembolism Prophylaxis 


e Bleeding Disorders 
e Anemia 
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Venous Thromboembolism Prophylaxis 


Preventing venous thromboembolism (VTE) was the highest ranked intervention for patient 
safety in a recent Agency for Healthcare Research and Quality (AHRQ) report. Appropriate 
prophylaxis can reduce these rates by approximately two-thirds; however, various studies have 
shown suboptimal use of prophylaxis in both medical and surgical patients. 


Methods of VTE prophylaxis can be mechanical, pharmacologic, or both. Mechanical 
prophylaxis measures include early ambulation, gradient elastic compression stockings, 
sequential compression devices, and inferior vena cava filters. In general, sequential compression 
devices are recommended for adjunct therapy or as sole therapy only if there are 
contraindications to pharmacologic methods. Inferior vena cava filters are not currently 


recommended for primary prophylaxis, although they are frequently used in trauma, 
neurosurgical, and oncology patients. 


In general, VTE prophylaxis is indicated for most surgical patients. Prevention techniques 
include the following: low-molecular-weight heparin (LMWH) once daily; low-dose 
unfractionated heparin two or three times daily; vitamin K antagonists to maintain the INR 
between 2 and 3; fondaparinux; and combination gradient compression stockings or intermittent 
pneumatic compression and LMWH or low-dose unfractionated heparin. 


In patients with renal impairment, dosing of LMWH must be adjusted (glomerular filtration rate 
<30 mL/min/ 1.73 m°) and fondaparinux is contraindicated. American College of Chest 
Physicians (ACCP) guidelines state that aspirin should not be used as sole prophylaxis in any 
group, although guidelines from the American Academy of Orthopaedic Surgeons (AAOS) 
recommend aspirin for preventing fatal pulmonary emboli in total hip or knee arthroplasty. 


ACCP recommendations for prophylaxis are based on the surgery-specific risk for VTE (major 
versus minor surgery; bleeding risk; and presence of additional risk factors, including prior VTE, 
malignancy, or hypercoagulable state) (Table 63). In general, higher or more frequent dosing 
and combined modalities are recommended as the risk category increases. Prophylaxis should be 
initiated preoperatively and continued throughout the patient’s hospitalization. In certain 
procedures (hip replacement, hip fracture repair, knee replacement, and abdominal surgery for 
cancer), extended prophylaxis beyond hospitalization is recommended because of the ongoing 
risk of VTE weeks after surgery. Routine noninvasive screening for deep venous thrombosis in 
asymptomatic patients before discharge is not recommended. 


Recommendations for perioperative management of patients on chronic anticoagulation are 
reviewed in MKSAP 15 Hematology and Oncology. 


Table 63. Venous Thromboembolism Prevention in Surgical 
Patients 


Risk Category" LMWH LDUFH VKA Fondaparinux Other 
Low risk (<10%): No No No No Early and 
minor surgery, “aggressive” 
mobile patient ambulation 
Moderate risk (10%- Yes (at 5000 U No Yes (not FDA Mechanical 
40%): most general, recommended twice or approved for non- prophylaxis alone 
open gynecologic, or doses) three times orthopedic if high bleeding 
urologic surgery daily surgery) risk 
High risk (40%- Yes (at No Yes Yes Mechanical 
80%): Hip or knee recommended (INR prophylaxis as 
arthroplasty, hip doses) range adjunct or use 
fracture surgery, 2-3) alone if high 


major trauma, spinal bleeding risk 


cord injury 


FDA = U.S. Food and Drug Administration; LDUFH = low-dose unfractionated heparin; 
LMWH = low-molecular-weight heparin; VKA = vitamin K antagonist. 


“Deep venous thrombosis risk without prophylaxis. 


Recommendations based on Geerts WH, Bergqvist D, Pineo GF, et al; American College of 
Chest Physicians. Prevention of venous thromboembolism: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133(6 
Suppl):381S-453S. [PMID: 18574271] Copyright 2008, American College of Chest Physicians. 
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Bleeding Disorders 


In the absence of a personal or family history of abnormal bleeding, liver disease, significant 
alcohol use, malabsorption, or anticoagulation therapy, the likelihood of a bleeding disorder is 
low, and no further preoperative testing is required. Patients with any of these risk factors should 
be screened with a prothrombin time (PT/INR), activated partial thromboplastin time (aPTT), 
and platelet count. In addition, plasma fibrinogen measurement and von Willebrand factor testing 
are considerations in patients with a history of bleeding problems. PT should be within 3 seconds 
of control, INR 1.5 or below, aPTT within 10 seconds of control, and platelet count greater than 
80,000 to 100,000/uL (80 to 100 x 10°/L). Platelet transfusion and hematologic consultation may 
be warranted for platelet counts below 50,000/uL (50 x 10°/L). The decision to transfuse 
platelets in patients with platelet counts between 50,000/uL and 80,000/uL (50 and 80 x 10°/L) 
should be individualized based on the underlying cause and the type of surgery. Bleeding times 
are rarely performed, as they are nonspecific and do not correlate with bleeding problems. 


In patients with bleeding disorders, the use of antithrombotic drugs with neuraxial anesthesia 
may increase the risk of paraspinal hematomas and should be avoided. In patients without a 
bleeding disorder, aspirin and NSAIDs do not increase risk. Data on clopidogrel are limited, but 
expert opinion recommends that it should be stopped 5 days prior to neuraxial anesthesia. In 
patients undergoing neuraxial anesthesia, insertion of a spinal needle or epidural catheter should 
be delayed for at least 12 hours after a prophylactic dose of LMWH or 24 hours after a full 
anticoagulation dose, and removal of an epidural catheter should be done when the anticoagulant 
effect is at a minimum. The resumption of prophylactic anticoagulation should be delayed at 
least 2 hours after the epidural catheter is removed. 
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Anemia 


Anemia is commonly encountered in surgical patients. A study in elderly patients found that 
even mild degrees of anemia or polycythemia were associated with an increased risk of short- 
term mortality and cardiac events; however, normalizing the hematocrit does not necessarily 
improve outcomes. Despite the common practice of giving blood transfusions to patients with 
hemoglobin levels below 10 g/dL (100 g/L) or a hematocrit below 30%, there is no evidence or 
physiologic basis to support this practice. The decision to provide blood transfusion depends on 
whether the anemia is acute or chronic, the expected blood loss of the surgical procedure, and 
whether or not the patient has cardiac or pulmonary disease that would impair the normal 
compensatory mechanisms. Although there is no clear cut-off for blood transfusion, it is thought 
to be somewhere between 7 and 8 g/dL (70 and 80 g/L) of hemoglobin in otherwise stable 
asymptomatic patients and somewhat higher in patients with cardiopulmonary disease. Simple 
transfusion rather than exchange transfusion can be given in patients with sickle cell anemia 
undergoing major surgery. 
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Endocrine Perioperative Medicine 


e Perioperative Glycemic Control 


e Thyroid Disease 
e Chronic Corticosteroid Use 
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Perioperative Glycemic Control 


Stress-induced hyperglycemia is common in surgical patients without diabetes. The physiologic 
stress of anesthesia and surgery stimulates the production of counter-regulatory hormones, 
including epinephrine, norepinephrine, cortisol, and growth hormone, that decrease insulin 
production. Additionally, lipolysis, ketogenesis, and decreased caloric intake can further impair 
glycemic control. The value of glucose control in nondiabetic patients with stress-induced 
hyperglycemia is currently unknown. Although an earlier study of surgical intensive care unit 
patients found a benefit with tight glucose control (target <110 versus 180-220 mg/dL [6.11 
versus 9.99-12.21 mmol/L]), more recent studies have either found no benefit or reported harm. 
Current recommendations are to keep the glucose level between 110 and 180 mg/dL (6.11 and 
9.99 mmol/L). 


Patients with type 2 diabetes taking oral hypoglycemic agents should have the drug stopped 
either on the morning of surgery or 24 to 72 hours before, depending on the half-life of the drug. 
Although it is usually recommended that metformin be stopped 48 hours before surgery to 
minimize the likelihood of developing lactic acidosis, there is no evidence that metformin is 


more likely than any other hypoglycemic agent to cause this problem in the absence of renal 
insufficiency, hepatic impairment, or heart failure. Choices for perioperative management of 
patients with type 2 diabetes who take insulin range from continuous intravenous infusion of 
short-acting insulin, to a reduction in dose (to one-half to two-thirds of the usual dose) of 
intermediate-acting insulin, to no glucose and no insulin on the morning of surgery. All patients 
with type | diabetes should receive perioperative insulin. Basal insulin can usually be continued 
at the same dose; however, if the procedure will be delayed until later in the day and the patient 
will receive nothing by mouth for a prolonged period, a reduction in dose may be indicated. 
Regardless of the perioperative hypoglycemic regimen, all patients with diabetes should be 
monitored frequently and receive additional short-acting insulin if needed. 
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Thyroid Disease 


Mild to moderate hypothyroidism does not confer any significant perioperative risk, and there is 
no reason to delay surgery in these patients. Thyroid replacement medication should be 
continued, but intravenous substitution is rarely necessary owing to the long half-life of 
levothyroxine. Elective surgery should be delayed in patients with severe hypothyroidism or 
myxedema, in order to provide replacement therapy. 


Conversely, surgery should be postponed in patients with hyperthyroidism, as surgery itself can 
trigger thyroid storm. If surgery is urgent, treatment should include propylthiouracil and 
potassium iodide to block production of thyroid hormone and inhibit its release and conversion, 
and B-blockers to block its peripheral effects. In addition, corticosteroids should be administered 
to block thyroxine to triiodothyronine conversion and prevent possible hypoadrenalism. 
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Chronic Corticosteroid Use 


Suppression of the hypothalamic-pituitary-adrenal (HPA) axis should be suspected in a patient 
who has cushingoid features or who has received the equivalent of 20 mg/d or more of 
prednisone for 3 or more weeks during the preceding 6 months (possibly longer). Suppression is 
uncertain in patients with daily doses between 5 and 20 mg, and suppression is unlikely in those 
with daily doses below 5 mg or who are on alternate-day therapy. If suppression is uncertain, 
management options include performing a cosyntropin stimulation test or empirically prescribing 
supplemental corticosteroids. 


For minor procedures, no additional corticosteroids are necessary. Recommendations for 
moderate-risk surgery are intravenous hydrocortisone, 50 mg preoperatively followed by 25 mg 
every 8 hours for 1 to 2 days; and for major or high-risk surgery, hydrocortisone, 100 mg 


preoperatively followed by 50 mg every 8 hours for 2 to 3 days. Once the stressful period is over, 
patients can resume their usual preoperative dose. 
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Renal Perioperative Medicine 


Chronic kidney disease is a predictor of increased postoperative cardiopulmonary complications 
and worsening postoperative renal function. A recent observational study in patients with normal 
renal function undergoing general surgery identified seven independent preoperative factors that 
predicted development of postoperative acute renal failure: age 59 years or older, emergency 
surgery, high-risk surgery, liver disease, peripheral arterial disease, BMI of 32 or greater, and 
chronic obstructive pulmonary disease requiring bronchodilator therapy. Intraoperative risk 
factors include diuretic use and the need for and total dose of vasopressors. The presence of three 
or more risk factors was associated with acute renal failure in 4.3% of the patients, a 16-fold 
increase in risk. Acute renal failure was also associated with increased short- and long-term 
mortality. 


Patients on hemodialysis are at increased risk of perioperative complications due to comorbid 
conditions (coronary artery disease, diabetes, hypertension), platelet dysfunction, and fluid- 
electrolyte abnormalities. Ideally, patients should be dialyzed the day before surgery to minimize 
acute shifts in fluid-electrolyte and acid-base balance and should be followed by a nephrologist 
perioperatively. 
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Hepatic Perioperative Medicine 


Surgery and general anesthesia may result in decreased hepatic blood flow, transient elevation in 
aminotransferases, and other metabolic changes. Elective surgery should be delayed in patients 
with acute viral or alcoholic hepatitis pending normalization of liver function. Chronic hepatitis 
that is medically stable does not usually significantly increase surgical risk. 


Perioperative risk for patients with cirrhosis is best evaluated using the Child-Turcotte-Pugh 
(CTP) score or the Model for End-stage Liver Disease (MELD) score, although these indices 
were not intended for this purpose. Mortality rates for patients with CTP class A, B, or C liver 
disease are approximately 10%, 30%, and 80%, respectively. Preoperative treatment to improve 
encephalopathy, ascites, and coagulopathy appears to reduce risk in these patients. 
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Neurologic Perioperative Medicine 


The incidence of perioperative stroke is related to the type of surgery, urgency, previous stroke 
history, and coexisting conditions. The risk of stroke after noncardiac, nonvascular surgery is 
less than 1% but may be as high as 3% to 6% after coronary artery bypass surgery or carotid 
endarterectomy. Asymptomatic bruits are not correlated with risk of postoperative stroke and 
rarely warrant further investigation preoperatively. Most postoperative strokes are embolic and 
have a bimodal distribution with a smaller peak occurring within 24 hours of surgery (mainly 
after coronary artery bypass or carotid endarterectomy) and the majority occurring later in the 
postoperative period. It is generally recommended that elective surgery be postponed for at least 
2 weeks after a stroke. There is some evidence that perioperative statins may decrease stroke 
risk. Patients with symptomatic carotid artery disease should be considered for carotid 
endarterectomy prior to elective surgery. 


Postoperative cognitive dysfunction is common after hospital discharge, and elderly patients are 
at increased risk for long-term impairment and risk of death. Of the various risk factors for 
postoperative delirium, preexisting cognitive impairment and psychotropic drug use were found 
to be the best predictors in a recent systematic review. Other risk factors from previous studies 
include poor functional status, polypharmacy, advanced age, glucose and electrolyte 
abnormalities, alcohol abuse, prolonged surgery (thoracic and vascular, especially aortic 
surgery), pain, tobacco abuse, hypoxia, and anemia. Management of postoperative delirium 
includes treating the precipitating causes, maintaining a quiet environment, avoiding physical 
restraints, and use of low-dose haloperidol, which may reduce the severity and duration of 
delirium. Risperidone and olanzapine can also be used but have not been found to be superior to 
haloperidol. 
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Key Points 


Up to 80% of patients with aplastic anemia respond to immunosuppressive therapy with 
antithymocyte globulin, corticosteroids, and cyclosporine. 

Hematopoietic stem cell transplantation is first-line therapy for very young patients with 
aplastic anemia but is associated with high mortality rates in older patients. 

Patients with pure red cell aplasia may have associated parvovirus B19 infection. 
Immunosuppressive therapy with corticosteroids, cyclophosphamide, or cyclosporine is 
indicated when the cause of pure red cell aplasia is unknown. 

Azacitidine and decitabine are pyrimidine nucleoside agents that may induce a complete 
remission in some patients with myelodysplastic syndromes. 

Lenalidomide is intended for the specific treatment of 5q- syndrome, with most treated 
patients becoming transfusion independent. 

Hematopoietic stem cell transplantation is reserved for young patients with a 
myelodysplastic syndrome who have an HLA-matched sibling donor. 

Essential thrombocythemia is diagnosed by a platelet count greater than 600,000/uL (600 
x 10°/L) on two different occasions separated by at least 1 month and bone marrow 
findings of hypercellular marrow and morphologically abnormal megakaryocytic 
hyperplasia. 

Polycythemia vera can be diagnosed when the hematocrit is greater than 60% in men and 
56% in women in the absence of secondary causes of erythrocytosis and the presence of 
splenomegaly or a JAK2 mutation. 

Initial therapy for polycythemia vera in asymptomatic patients is phlebotomy and aspirin; 
cytoreductive therapy is indicated for symptomatic patients who do not respond to initial 
treatment. 

The diagnosis of chronic myeloid leukemia requires the identification of the Philadelphia 
chromosome (BCR-ABL mutation) in a patient who has a leukoerythroblastic peripheral 
blood smear and hypercellular bone marrow with marked myeloid proliferation. 
Treatment with imatinib will induce a prolonged cytogenetic remission in up to 70% of 
patients with chronic-phase chronic myeloid leukemia. 

Acute myeloid leukemia is characterized by maturation arrests and subsequent 
proliferation of myeloblasts and/or promyelocytes in the bone marrow and peripheral 
blood. 

Induction therapy for patients with most subtypes of acute myeloid leukemia includes an 
anthracycline and cytarabine. 


e Gemtuzumab is useful for treating elderly patients with relapsed acute myeloid leukemia 
because this agent is not associated with profound myelosuppression. 

e Acute lymphoblastic leukemia is a disorder of committed stem cells that is characterized 
by a proliferation of immature lymphoblasts. 

e Monoclonal antibody therapy improves response rates and long-term survival in patients 
with acute lymphoblastic leukemia. 

e Erythropoietin should not be used in patients receiving myelosuppressive therapy with 
intent to cure because of reports of worsening survival rates in this treatment setting. 

e Thrombopoietin is approved for the treatment of chronic idiopathic thrombocytopenic 
purpura. 

e Allogeneic hematopoietic stem cell transplantation is potentially curative for young 
patients with aplastic anemia, myelofibrosis, certain types of leukemia, high-risk 
myelodysplastic syndromes, and refractory non-Hodgkin lymphoma. 
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Blood Cell Production 


Hematopoiesis is the generation, development, and differentiation of the cellular elements of 
blood. Hematopoietic pluripotent stem cells, characterized by surface expression of the CD34 
molecule, are self-renewing cells that reside in the bone marrow and either proliferate or 
differentiate in response to hematopoietic stressors (such as infections or bleeding) or growth 
factors. Proliferative abnormalities or perturbations in differentiation of stem cells result in bone 
marrow failure or abnormal maturation, as occurs in the myelodysplastic syndromes, 
myeloproliferative disorders, and acute leukemias. 
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Bone Marrow Failure 


e Neutropenia 
e Aplastic Anemia 


e Pure Red Cell Aplasia 
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Neutropenia 


Neutropenia is an abnormally low neutrophil count, defined as an absolute neutrophil count 
(ANC) less than 1500/uL (1.5 x 10°/L) (ANC is calculated by adding neutrophils plus band 
forms). Neutropenia is further classified as mild (ANC 1000-1500/uL [1.0-1.5 x 10°/L}), 
moderate (ANC 500-1000/uL [0.5-1.0 x 10°/L]), severe (ANC 200-500/uL [0.2-0.5 x 10°/L]), 


and profound (ANC <200/uL [0.2 x 10°/L]). Ethnic variants of neutrophil counts occur in certain 
populations, such as blacks, Yemenite Jews, and Arabs, and mild neutropenia is not abnormal in 
these populations. Patients with mild neutropenia rarely develop complications, but the risk of 
infection increases as the neutrophil count falls below 1000/uL (1.0 x 10°/L). Infections are 
usually due to invasion of colonizing bacteria from the oropharynx and gastrointestinal tract, and 
patients may present with high fevers without localizing findings. 


Neutropenia is usually an acquired, self-limited disorder that is due to a medication or 
postinfectious state (Table 1). Bone marrow aspirate findings may vary in both drug-induced and 
postinfectious neutropenia. Hypocellular bone marrow may indicate the disorder known as large 
granular lymphocytic syndrome (confirmed by finding large circulating lymphocytes with 
abundant cytoplasm and azurophilic granules) or the early onset of aplastic anemia. The bone 
marrow may also appear hypercellular with a “left shift” (increased numbers of metamyelocytes, 
myelocytes, and promyelocytes) or may show late maturation arrest of the myeloid cells or 
agranulocytosis. Hypercellular bone marrow may indicate peripheral destruction due to 
hypersplenism or autoimmune disease. However, hypercellular bone marrow with dysplastic 
morphologic findings suggests myelodysplasia. Associated megaloblastic anemia and 
thrombocytopenia suggest the presence of vitamin By» or folate deficiency. 


Cyclic neutropenia, a disorder in the regulation of stem cells, should be considered in 
neutropenic patients with recurrent infections and fluctuating leukocyte counts. Patients have 
predictable periodic fluctuations of granulocyte, lymphocyte, monocyte, and reticulocyte counts, 
and the counts return to normal without treatment. Most patients experience cycles every 21 
days, but cycles may range from every 2 weeks to every 4 weeks. 


Treatment of neutropenia depends on the severity, chronicity, and cause of the disorder. Therapy 
is not needed if the neutropenia is mild and due to a causative agent that can be withdrawn or an 
infection that is resolving. However, complete cultures and empiric antibiotics that cover 
staphylococci and enteric pathogens are required when the ANC falls below 1000/uL (1.0 x 
10°/L) in a febrile patient. If the neutropenia persists and there is no response to antibiotics after 
5 days, empiric antifungal agents are added. If there is still no response to antimicrobial therapy 
and the patient remains neutropenic and critically ill, granulocyte colony-stimulating factor is 
added to the treatment regimen. Colony-stimulating agents have been shown to decrease the 
duration of neutropenia, but they have not been shown to influence mortality, and they add only 
a minimal benefit. Therefore, the use of these agents should be limited to those patients in whom 
the neutropenia is expected to be prolonged. 


Table 1. Common Drugs Associated with Neutropenia and 
Agranulocytosis 


Angiotensin-converting enzyme inhibitors 
Antibiotics 

Amoxicillin 

Cefazolin 


Cephalexin 
Cefotaxime 
Cefuroxime 
Chloramphenicol 
Clindamycin 
Norfloxacin 
Metronidazole 
Trimethoprim-sulfamethoxazole 
Antiarrhythmic agents 
Amiodarone 
Procainamide 
Antiepileptic agents 
Carbamazepine 
Phenytoin 

Sodium valproate 
H>-receptor blockers 
Cimetidine 
Ranitidine 
Hydrochlorothiazide 
NSAIDs 

Diclofenac 
Indomethacin 
Naproxen 
Phenylbutazone 
Propylthiouracil 
Sulfasalazine 


Reprinted with permission from Hoffman R, Benz E, Shattil S, Furie B, Cohen H. Hematology: 
Basic Principles and Practice. 4th ed. Philadelphia, PA: Churchill Livingstone; 2004:Table 46- 
15. Copyright 2004, Elsevier. 
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Aplastic Anemia 


Aplastic anemia occurs when the hematopoietic stem cells do not repopulate the bone marrow, 
resulting in severely diminished or absent committed progenitor cells. The disorder can be either 
acquired or congenital. Patients present with transfusion-dependent anemia, thrombocytopenia, 


and severe neutropenia with markedly reduced bone marrow cellularity (<25% cellularity). 
Aplastic anemia is classified by the severity of the neutropenia. Moderate aplastic anemia is 
diagnosed when the ANC is 500 to 1000/uL (0.5-1.0 x 10°/L). Severe aplastic anemia occurs 
when two or more of the following are present: ANC 200 to 500/uL (0.2-0.5 x 10°/L), platelet 
count less than 20,000/uL (20 x 10°/L), and reticulocyte count less than 40,000/uL (40 x 10°/L). 
Very severe aplastic anemia is diagnosed when the ANC is less than 200/uL. 


No cause is identified in approximately 50% of patients with acquired aplastic anemia. Causes in 
the remaining patients include toxins, ionizing radiation, drugs, nutritional deficiencies, and 
infections. Some patients have an associated thymoma or autoimmune disorder such as systemic 
lupus erythematosus. An abnormal expression of suppressor T cells has been found in 30% to 
80% of patients with idiopathic aplastic anemia, and many of these patients respond to 
immunosuppressive therapy. 


A small percentage of patients have paroxysmal nocturnal hemoglobinuria (PNH), which can 
occur de novo and transform into aplastic anemia or can develop as a complication of aplastic 
anemia. Patients with PNH have an abnormal anchor protein (glycosylphosphatidylinositol) that 
causes lack of expression of the surface markers CD55 and CD59 (complement inhibitors) and 
increased sensitivity to complement activation. The end result is chronic hemolysis and a 
hypercoagulable state, pancytopenia, and a bone marrow that can appear aplastic, megaloblastic, 
or consistent with the diagnosis of a myelodysplastic syndrome. The most sensitive test for 
diagnosing PNH is flow cytometry of erythrocytes, granulocytes, lymphocytes, and monocytes, 
which will demonstrate the lack of expression of CD55 and CD59. 


Initial treatment of aplastic anemia involves withdrawal of any potentially causative agents and a 
CT scan of the chest to rule out an associated thymoma. If a thymoma is found, surgical excision 
can be curative. Hematopoietic stem cell transplantation (HSCT) is first-line therapy for very 
young patients (<20 years of age) with severe or very severe acquired aplastic anemia. Because 
of the high mortality rate associated with this procedure, HSCT is generally not recommended as 
initial therapy for older patients. However, some transplant centers report satisfactory results in 
patients up to 45 years of age when HLA-identical siblings are used as donors. 


For patients who are not transplant candidates, immunosuppressive therapy with intravenous 
antithymocyte globulin plus corticosteroids and cyclosporine can result in both partial and 
complete responses in 60% to 80% of patients. Many of these patients become transfusion 
independent, although response is often delayed for 3 to 6 months, and relapses occur when the 
cyclosporine is tapered. Growth factors such as granulocyte colony-stimulating factor should not 
be given as primary therapy, and the use of growth factors as concomitant therapy is 
controversial. These agents are expensive, and some reports suggest a lower response rate to 
immunosuppressive therapy and a higher relapse rate when granulocyte colony-stimulating 
factor is used. Finally, it is important to identify which patients with aplastic anemia also have 
PNH, since eculizumab, an antibody that inhibits the activation of terminal complement 
components, may decrease intravascular hemolysis and transfusion dependence in these patients. 


Congenital aplastic anemia is an inherited hematopoietic stem cell disorder that usually presents 
in childhood but may not become manifest until the third decade of life. The most common form 


of congenital aplastic anemia is Fanconi anemia, an autosomal recessive or X-linked disorder 
(multiple different genes appear to be responsible) characterized by pancytopenia, hypocellular 
bone marrow, short stature, café-au-lait spots, and abnormalities of the thumb. Not all patients 
have congenital anomalies or short stature. Diagnostic studies show excessive chromosomal 
breakage in cultured peripheral cell lymphocytes or dermal fibroblasts. HSCT is the only 
curative treatment. 
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Pure Red Cell Aplasia 


Pure red cell aplasia (PRCA) is an acquired disorder characterized by profound anemia and 
absence of reticulocytes and erythroid precursors in the bone marrow. Most cases are idiopathic, 
although PRCA may occur in association with thymomas, systemic lupus erythematosus, or as a 
precursor to a myelodysplastic syndrome. The peripheral blood smear may show large granular 
lymphocytes, suggesting a direct autoimmune toxicity. Parvovirus B19 infection is associated 
with PRCA in susceptible individuals, including patients who have a chronic hemolytic disorder 
such as sickle cell disease or who are unable to produce neutralizing antibodies, such as patients 
with HIV infection. Patients with parvovirus B19 infection have a characteristic bone marrow 
showing giant proerythroblasts with a maturation arrest. Certain medications have also been 
implicated in causing PRCA (Table 2). One unusual cause is exposure to exogenous 
recombinant erythropoietin, which can lead to development of cross-reacting antibodies that 
attack the erythroid precursors, resulting in PRCA. 


Initial management of PRCA involves removal of any potentially causative agents and 
determination of the presence of a thymoma, which, when excised, can result in improvement or 
cure in a small number of patients. If parvovirus B19 is implicated, intravenous immune globulin 
is effective. Immunosuppressive therapy with corticosteroids, cyclophosphamide, or 
cyclosporine is indicated when the cause is unknown. Supportive care with transfusions may be 
needed until patients respond to more definitive treatment. 


Table 2. Drugs Most Commonly Associated with the Onset 
of Pure Red Cell Aplasia 


Carbamazepine 
Chloramphenicol 
Chlorpropamide 

Erythropoietin (recombinant) 
Mycophenolate mofetil 
Phenytoin 
Trimethoprim-sulfamethoxazole 
Zidovudine 
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Myelodysplastic Syndromes 


The myelodysplastic syndromes are stem cell clonal disorders characterized by ineffective 
hematopoiesis and various peripheral cytopenias. Patients have signs and symptoms referable to 
a specific cytopenia (most often megaloblastic anemia) and bone marrow findings showing a 
hypercellular marrow with dyserythropoiesis. Alcohol abuse and nutritional deficiencies, 
especially vitamin By, and folate deficiencies, may be associated with similar findings and 
therefore must be excluded. 


Myelodysplastic syndromes are classified according to morphologic findings and clinical 
features. The natural history varies, depending on the number of blasts in the bone marrow 
(ranging from 5% to 19%) and the chromosomal aberrations. Patients with refractory anemia and 
less than 5% blasts have a relatively indolent course with a mean survival of about 7 years. 
Patients with aggressive refractory anemia with excess blasts and 11% to 19% blasts have an 
expected survival of less than 1 year. The International Prognosis Scoring System uses these 
findings to predict survival. Death usually occurs because of infection and bleeding as a result of 
bone marrow failure, although this may also be due to progression to acute myeloid leukemia. 


Many chromosomal abnormalities are associated with myelodysplastic syndromes, including 
abnormal numbers of chromosomes, translocations, and structural abnormalities. In contrast to 
patients with a complex karyotype, patients with a normal karyotype are unlikely to develop 
acute myeloid leukemia. Patients with a deletion of the long arm of chromosome 5 (5q- 
syndrome) have a unique presentation. These patients are usually first seen at an advanced age 
with a mild refractory anemia and increased platelets. Women outnumber men by a ratio of 7:1. 


Treatment of myelodysplastic syndromes is varied and reflects the heterogeneity of these 
disorders. The type of therapy depends on the age of the patient and the aggressiveness and 
subclassification of the disease. Many patients with anemia require long-term transfusions, and 
iron overload with secondary hemochromatosis may subsequently occur. Chelation therapy is 
indicated once a patient has received more than 30 units of erythrocytes or the serum ferritin 
level exceeds 1000 ng/mL (1000 mg/L). An oral chelator, deferasirox, was recently approved by 
the U.S. Food and Drug Administration (FDA) that is much easier to administer than parenteral 
preparations. However, treatment is expensive, and although chelation therapy may prevent 
secondary hemochromatosis, it has not been shown to prolong survival. 


Growth factors have been used to treat myelodysplastic syndromes but have variable response 
rates. Between 20% and 55% of patients with anemia will respond to recombinant erythropoietin 
(at least 40,000 units/week) if their baseline serum erythropoietin level is less than 500 mU/mL 
(500 U/L). The response can be increased by adding granulocyte colony-stimulating factor, 
which acts synergistically in some patients. Azacitidine (given subcutaneously daily for 7 days 
on an outpatient basis) and decitabine (given intravenously for 3 consecutive days every 6 


weeks) are two pyrimidine nucleoside agents that cause hypomethylation of DNA and have 
response rates ranging from 23% to 64%. Since responses can be delayed, both agents require 
treatment for at least four cycles to determine efficacy. Lenalidomide has been approved by the 
FDA for the specific treatment of 5q- syndrome, because 67% to 83% of patients with this 
syndrome will respond to this drug and become transfusion independent. 


Patients with chronic myelomonocytic leukemia, which has features of both myelodysplastic 
syndromes and myeloproliferative disorders, will respond to hydroxyurea when the circulating 
leukocyte count is elevated and will also respond to hypomethylating agents. A subpopulation of 
patients with chronic myelomonocytic leukemia have a fusion gene involving platelet-derived 
growth factor and may respond to treatment with the tyrosine kinase inhibitor imatinib. 


Hematopoietic stem cell transplantation (HSCT) is reserved for young patients with a 
myelodysplastic syndrome who have an HLA-matched sibling donor. Because these syndromes 
tend to occur in older age groups, few patients are eligible for HSCT. In addition, HSCT is 
associated with high transplant-related mortality rates and high relapse rates in this group of 
patients. 
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Myeloproliferative Disorders 


The myeloproliferative disorders are a group of clonal stem cell disorders characterized by 
aberrant regulation of proliferation that results in excess production of myeloid elements in the 
bone marrow. These include essential thrombocythemia and disorders of erythrocytes 
(polycythemia vera), granulocytes (chronic myeloid leukemia), and fibroblasts (myelofibrosis). 
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Essential Thrombocythemia 


Essential thrombocythemia is a chronic myeloproliferative disorder characterized by 
overproduction of platelets. Patients usually present in the fifth and sixth decades of life with a 
platelet count greater than 600,000/uL (600 x 10°/L), although at least 30% develop this disorder 
in the third decade. The peripheral blood smear typically shows circulating megathrombocytes, 
and a mild leukocytosis may be present. Approximately 40% to 50% of patients have 
splenomegaly, and about 20% have hepatomegaly. Hyperuricemia and hyperphosphatemia may 
be present, although elevated serum potassium levels are usually due to pseudohyperkalemia 
(potassium released from platelets that have aggregated). Approximately 50% of patients are 
asymptomatic, and the thrombocytosis is noted as an incidental finding during a routine 
examination. Most symptomatic patients present with small-vessel thrombosis that causes 
erythromelalgia (burning and paresthesias of the extremities that are exacerbated by heat) or 
central nervous system thrombosis, such as migraine headaches, transient ischemic attacks, 


scotomas, amaurosis fugax (transient monocular or binocular vision loss), or seizures. Large- 
vessel thrombosis, such as renal vein thrombosis or Budd-Chiari syndrome, may also occur. 
Patients with extremely elevated platelet counts (>1 million/uL [100,000 x 10°/L}) will 
occasionally present with hemorrhagic complications that are often due to an acquired von 
Willebrand syndrome. 


The diagnosis of essential thrombocythemia is one of exclusion. A reactive thrombocytosis (such 
as iron deficiency, an underlying inflammatory disorder, or cancer) must be ruled out. To 
establish the diagnosis, the platelet count must be greater than 600,000/uL (600 x 10°/L) on two 
different occasions separated by at least 1 month, and bone marrow examination must show 
hypercellular marrow and morphologically abnormal megakaryocytic hyperplasia with the 
megakaryocytes in clusters. Approximately 50% of patients have the JAK2 mutation (a gain-of- 
function mutation on chromosome 9) that may be present in all of the myeloproliferative 
disorders. Chronic myeloid leukemia is excluded by testing for the Philadelphia chromosome, 
and polycythemia vera is excluded if the hematocrit is at or above normal limits by assessing the 
red blood cell mass and measuring the serum erythropoietin level. 


Therapy for essential thrombocythemia depends on the age of the patient, the degree of 
thrombocytosis, and the medical history. The platelet count must be lowered quickly in patients 
with life-threatening symptoms, such as a transient ischemic attack, stroke, myocardial 
infarction, or gastrointestinal bleeding. Platelet apheresis along with cytoreductive therapy is 
indicated for these patients. High-dose hydroxyurea is the myelosuppressive agent of choice in 
this setting because of its rapid onset of action. For patients with less urgent symptoms, 
myelosuppression is instituted with lower doses of hydroxyurea, anagrelide, or interferon alfa 
plus low-dose aspirin. Since smoking can increase the risk of thrombosis, patients should be 
encouraged to stop. Erythromelalgia responds rapidly to low-dose aspirin, and a single dose can 
relieve symptoms for several days. Asymptomatic patients can be followed with observation 
alone or with observation plus low-dose aspirin, taking care to rule out any acquired platelet 
dysfunction that might increase the risk for bleeding. There is no absolute platelet count that 
dictates the need for intervention, and each patient must be assessed according to age, thrombotic 
or bleeding risk, and treatment risks. 


The prognosis is good for patients with essential thrombocythemia. A large Spanish study 
published in 1991 showed no significant difference in longevity between patients with this 
disorder and controls. Transformation to other myeloproliferative disorders does occur, however, 
and 8% of patients will develop myelofibrosis over a 10-year period. A smaller number of 
patients will develop polycythemia vera or acute myeloid leukemia. 
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Polycythemia Vera 


Polycythemia vera is a chronic myeloproliferative disorder characterized by overproduction of 
erythrocytes, although myeloid cells and megakaryocytes are also affected. Signs and symptoms 
include ruddy cyanosis, hypertension, splenomegaly, headache, sweating, weight loss, 


paresthesias, and dizziness. Generalized pruritus occurs in up to 50% of patients and is 
exacerbated by exposure to hot water (typically a hot bath or shower). Thrombotic disorders 
(erythromelalgia, transient ischemic attacks, myocardial infarction or stroke, deep venous 
thrombosis, and Budd-Chiari syndrome) are the most serious presenting signs of the disease and 
occur in about two thirds of patients with polycythemia vera. Thrombosis is due to the elevated 
red blood cell mass and increased whole blood viscosity and is aggravated by concomitant 
thrombocytosis in 50% of patients and leukocytosis in 75% of patients. The risk of thrombosis 
increases with increasing age, although even young patients can present with life-threatening 
thrombotic events. Patients who require surgery are at high risk for both thrombosis and 
hemorrhage in the postoperative period. 


The diagnosis is suspected when the hematocrit level is repeatedly elevated. Determination of the 
red blood cell mass is not needed for patients with a hematocrit level greater than 60% in men 
and 56% in women. However, patients who have a slightly elevated hematocrit level and all 
patients with the Budd-Chiari syndrome should be evaluated for polycythemia vera with a 
nuclear medicine measurement of the red blood cell mass and plasma volume measurement to 
monitor for a depressed serum erythropoietin level. JAK2 V6/7F mutation testing should also be 
done because polycythemia vera is diagnosed in up to 40% of patients with Budd-Chiari 
syndrome. Because iron deficiency is common, the peripheral blood smear will often show 
hypochromic microcytic erythrocytes, and the bone marrow will be hypercellular with increased 
reticulin fibrosis. Platelet function abnormalities similar to those in patients with essential 
thrombocythemia may also occur. The JAK2 mutation is present in 90% to 95% of patients, 
which helps establish the diagnosis. Secondary causes of polycythemia must be excluded by 
measurement of the baseline serum erythropoietin level, carboxyhemoglobin level, arterial 
oxygen saturation, and P5002 (oxygen partial pressure at which 50% hemoglobin is saturated with 
oxygen) (Table 3). 


Treatment of polycythemia vera is directed toward reducing the red blood cell mass and 
preventing thrombosis. Therapeutic phlebotomy should be instituted with the goal of lowering 
the hematocrit level to less than 42% in women and less than 45% in men. Low-dose aspirin is 
indicated unless the patient has symptoms of easy bruising and an acquired platelet disorder. 
Hyperuricemia is treated with allopurinol, and patients with pruritus are given antihistamines. 
Interferon alfa, anagrelide, and/or hydroxyurea is the treatment of choice for older symptomatic 
patients with polycythemia vera that cannot be controlled with phlebotomy and aspirin alone. 


Prognosis depends on the severity of the complications of the disease. Median survival after 
diagnosis ranges from less than 2 years to more than 15 years. Death is usually due to 
thrombosis, but patients may develop serious bleeding abnormalities, myelofibrosis, or acute 
myeloid leukemia. 


Table 3. Causes of Secondary Polycythemia and Elevated 
Erythropoietin Concentration 


Tumor-related increased serum erythropoietin levels 
Renal cell carcinoma 


Hepatocellular carcinoma 

Uterine fibroids 

Hypoxemia 

Chronic obstructive pulmonary disease 
Sleep apnea 

Massive obesity 

High altitude 

Increased carboxyhemoglobin levels 
Cigarette smoking 

Abnormal hemoglobin 

High oxygen-affinity hemoglobin 
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Chronic Myeloid Leukemia 


Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by 
overproduction of myeloid cells and involves mature granulocytes as well as megakaryocytes 
and erythroid cells. Patients typically present in the sixth decade of life, but the age range is 
wide, and CML can occur in children. Most patients are asymptomatic at presentation, and CML 
is detected because of an increased leukocyte count. However, patients with more advanced 
disease may develop fatigue, night sweats, and weight loss. Splenomegaly may be the only 
abnormal finding on physical examination. 


CML is due to a chromosomal translocation in which the BCR gene from chromosome 22 is 
fused with the ABL gene on chromosome 9 to form BCR-ABL (Philadelphia chromosome), which 
induces a cytoplasmic tyrosine kinase. The diagnosis of CML requires the identification of this 
oncogene in a patient who has a leukoerythroblastic peripheral blood smear (increased 
granulocytes with a marked left shift plus early erythrocyte precursors) and hypercellular bone 
marrow with marked myeloid proliferation. Patients with chronic-phase CML initially have less 
than 10% blasts in the bone marrow and peripheral blood. As the disease progresses, the blast 
count increases. Patients with accelerated-phase CML have up to 20% blasts, and blast crisis 
may occur when the blast count is greater than 20%. 


Treatment of CML has changed dramatically with the introduction of imatinib, a tyrosine kinase 
inhibitor. Before this drug was available, HSCT was the only curative treatment. However, only 
about 30% of patients with CML are candidates for HSCT because of older age at presentation or 
the lack of HLA-matched sibling donors. In addition, the mortality rate associated with HSCT is 
about 15%. Imatinib will induce a complete cytogenetic remission in the first year in up to 70% 
of patients treated during the chronic phase, and 85% of these patients will remain in cytogenetic 


remission for up to 5 years. Dasatinib and nilotinib are two more potent tyrosine kinase inhibitors 
that were recently approved by the FDA for treatment of patients with imatinib-resistant CML. 
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Myelofibrosis 


Myelofibrosis with myeloid metaplasia is a chronic myeloproliferative disorder characterized by 
overproduction of megakaryocytes and bone marrow stromal cells. Patients have signs and 
symptoms of anemia plus night sweats and weight loss. The peripheral blood smear shows 
marked leukoerythroblastic findings with tear drop—shaped erythrocytes and megathrombocytes. 
The bone marrow aspirate is often “dry” (unsuccessful aspirate), and bone marrow biopsy shows 
marked fibrosis. The fibrosis causes decreased bone marrow reserve and extramedullary 
hematopoiesis with massive hepatosplenomegaly. As the disease progresses, patients experience 
bone marrow failure, portal hypertension (9% to 18% of patients), and pulmonary hypertension 
(due to ectopic myeloid metaplasia, thromboembolic disease, or pulmonary fibrosis that occurs 
in response to cytokines released by the circulating megakaryocytes). 


Although there is no curative treatment for myelofibrosis, HSCT has been effective in a small 
number of patients and should be considered for patients younger than 60 years of age. HSCT 
has significant risks, however. The 1-year transplant-related mortality rate is as high as 25%, 
with a 5-year survival rate of 48%. Management of myelofibrosis consists of cytoreduction with 
hydroxyurea to control the elevated leukocyte and platelet counts or interferon alfa to control the 
thrombocytosis, splenomegaly, and bone marrow fibrosis. Hypersplenism may cause an 
increased plasma volume with a secondary decrease in the hematocrit level (spurious anemia), 
and anemia can be confirmed by measurement of the red blood cell mass. True anemia (due to 
decreased erythrocyte production, nutritional deficiency, or bleeding associated with iron 
deficiency) is treated with folate or iron as needed, along with erythrocyte transfusions. Many 
patients require repeated transfusions, which may lead to chronic iron overload and the need for 
iron chelation therapy. Androgen therapy controls hypoproliferative anemia in up to 50% of 
patients. Thrombocytopenia due to hypersplenism or decreased platelet production is managed 
with platelet transfusions. It is important to avoid alloimmunization caused by repeated 
transfusions by using a restrictive transfusion approach and by transfusing only leukodepleted 
blood products. Hyperuricemia is treated with allopurinol. 


Massive hypersplenism may be managed with low-dose radiation therapy, but the response is 
transient and can be complicated by the loss of extramedullary hematopoiesis with resulting 
cytopenia. Splenectomy may not be an option, because the presence of portal hypertension 
increases the risk of surgery (coexisting disseminated intravascular coagulation is a 
contraindication). In addition, splenectomy is associated with a postoperative morbidity rate of 
30% and a mortality rate of 10%. 


Survival after diagnosis of myelofibrosis ranges from 1 year to over 30 years, but the median 
survival is only 5 years. Prognostic indicators have not been reproducible among different 
studies, but significant anemia at presentation is a reliably poor prognostic finding (Table 4). 


Table 4. Risk Assessment for Myelofibrosis 


Number of Prognostic Factors* Risk Group Median Survival (months) Patients (%) 


0 Low 93 47 
1 Intermediate 26 45 
2 High 13 8 


“Prognostic factors: Hemoglobin <10 g/dL (100 g/L), and leukocyte count <4000/uL or 
>30,000/uL (<4.0 x 10°/L or >30.0 x 10°/L). 


Reprinted with permisson from Dupriez B, Morel P, Demory JL, et al. Prognostic factors in 
agnogenic myeloid metaplasia: a report on 195 cases with a new scoring system. Blood. 
1996;88(3):1013-1018. [PMID: 8704209] Copyright 1996, American Society of Hematology. 
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Acute Myeloid Leukemia 


Acute myeloid leukemia (AML) refers to a group of well-defined malignant disorders involving 
committed myeloid stem cells (Table 5). AML is characterized by maturation arrest and 
subsequent proliferation of myeloblasts and/or promyelocytes in the bone marrow and peripheral 
blood. Risk factors include previous chemotherapy (especially for lymphoma or breast cancer) 
and myelodysplastic syndromes, and patients with secondary AML have a poorer prognosis than 
do those with de novo acute leukemia. 


Typical signs and symptoms include fatigue, easy bruising, mucosal bleeding, fever, and 
infection. A small group of patients have a migratory arthritis. Initial laboratory findings usually 
show leukocytosis and circulating blasts, anemia, and thrombocytopenia. Many patients report 
having symptoms for weeks or even months before seeking medical attention. 


AML should be considered when circulating blasts are present in the peripheral blood smear. 
The diagnosis is confirmed by a bone marrow aspirate showing hypercellular marrow containing 
greater than 20% myeloblasts (according to the World Health Organization [WHO] 
classification) or greater than 30% myeloblasts (according to the French-American-British 
[FAB] classification.) The bone marrow may contain so many myeloblasts that it causes a “dry” 
tap. In this situation, the diagnosis is based on bone marrow biopsy findings alone. 


Once the diagnosis of acute leukemia is established, the classification is based on the 
morphology of the immature cells. The presence of Auer rods confirms the myeloid nature of the 
leukemia. Excess promyelocytes support the diagnosis of promyelocytic leukemia, subtype M3. 
Increased monocytes in the peripheral blood and bone marrow indicate a diagnosis of 
myelomonocytic leukemia, subtype M4. Classification is also determined by cytochemical and 


immunophenotypic studies. Cytogenetic findings support the diagnosis of certain subtypes and 
have prognostic implications. Favorable cytogenetic findings include translocation of 
chromosomes 8 and 21 [t(8;21)] in subtype M2, translocation of chromosomes 15 and 17 
[t(15;17)] in subtype M3, and inversion of chromosome 16 [inv(16)] in subtype M4 with 
abnormal eosinophils. Complex karyotypes, including monosomy 5 and 7, are unfavorable 
prognostic findings. Gene expression profiling is a recent advance in the diagnosis, 
classification, and prognosis of AML but is not available in all clinical settings. 


Physical examination findings are very helpful in assessing patients with AML. Fever is almost 
always due to an underlying infection, and patients with a temperature above 38.2 °C (100.8 °F) 
must have complete cultures followed by empiric antibiotic therapy. Cutaneous nodules (Sweet 
syndrome, or acute neutrophilic dermatosis) and gum hypertrophy are unusual findings but, if 
present, suggest an acute myelomonocytic or monocytic leukemia. Occasionally, firm 
subcutaneous masses comprised of collections of blasts (chloromas) may precede the onset of 
frank AML (usually M1 or M2 subtype). Patients with AML do not develop lymphadenopathy or 
hepatosplenomegaly, and, if present, these findings suggest an alternative or concomitant 
diagnosis. 


The initial laboratory evaluation in patients with suspected AML includes a complete blood 
count and peripheral blood smear and a blood chemistry panel. The chemistry panel should 
include measurement of serum electrolytes and plasma glucose, as profound hypokalemia can 
occur in patients with myelomonocytic and monocytic AML subtypes, and spurious 
hypoglycemia can be due to high numbers of circulating blasts. Additional laboratory studies 
include measurement of uric acid (hyperuricemia must be controlled before chemotherapy is 
started), serum calcium (calcium levels may be elevated in some patients), serum lactate 
dehydrogenase (a marker of disease activity), blood urea nitrogen, serum creatinine, and liver 
chemistry tests. Continued close monitoring of serum electrolytes, phosphorus, and calcium 
levels is required during the initial days of chemotherapy because tumor lysis syndrome may 
cause hyperkalemia, hyperphosphatemia, hyperuricemia, and hypocalcemia. Coagulation studies 
(prothrombin time, activated partial thromboplastin time, and plasma fibrinogen) are necessary 
to rule out disseminated intravascular coagulation, which is frequently present in patients with 
AML, M3 subtype. 


AML rarely involves the central nervous system, and most patients do not require cerebrospinal 
fluid examination. However, patients with very high circulating blast counts (>50,000/uL) are at 
risk for leukostasis in the cerebral vessels, and emergency leukapheresis is required to reduce the 
blast count before chemotherapy is started. 


Every patient should have a baseline chest radiograph because pneumonia is a common 
complication, and hyperleukocytosis syndrome (circulating blast count >50,000/uL) may cause 
pulmonary leukostasis and hemorrhage. A baseline electrocardiogram is needed before starting 
anthracyclines. Older patients also require determination of a baseline left ventricular ejection 
fraction. HLA testing should also be done before chemotherapy causes significant pancytopenia, 
in case HLA-matched platelets are needed at a later time. 


Initial treatment of AML is the same for all subtypes, except acute promyelocytic leukemia, 
which is discussed below. Patients are first stabilized with intravenous hydration, allopurinol, 
and, if needed, antibiotics. Induction chemotherapy is begun with an anthracycline and 
cytarabine given intravenously over 7 days. Patients who do not go into remission require a 
second course of induction therapy in 2 to 3 weeks, and consolidation therapy is then planned. 
Consolidation protocols vary, but high-dose cytarabine has been used successfully in younger 
patients. Gemtuzumab ozogamicin is a targeted antineoplastic agent consisting of a monoclonal 
anti-CD33 antibody and a toxic antibiotic, calicheamicin. Because administration of 
gemtuzumab is not associated with profound myelosuppression, it has been used to treat elderly 
patients with relapsed AML, either alone or in combination with standard chemotherapy. Veno- 
occlusive disease of the liver is an uncommon, but serious, side effect of this drug. 


The prognosis for patients with AML varies according to age, sex, and race as well as 
performance status, karyotype, and initial presenting findings. In general, the complete remission 
rate after chemotherapy is 50% to 80%, with 5-year event-free survival ranging from 16% to 
24%. 


Approximately 10% of adults with AML have acute promyelocytic leukemia, M3 subtype, with 
t(15;17) involving the retinoic acid receptor gene. These patients have an excellent response to 
therapy. Induction consists of chemotherapy with an anthracycline, along with all-trans-retinoic 
acid (ATRA), which is a differentiating agent that interferes with PML/RARa protein function. 
This combination has induced sustained remissions and cures in 90% of patients, although it can 
cause an unusual syndrome characterized by fever, volume overload, and pulmonary 
decompensation in 25% of patients. The “retinoic acid syndrome” responds to early recognition 
and administration of high-dose dexamethasone. Arsenic trioxide (ATO) is also effective for 
treating acute promyelocytic leukemia. ATO interacts with the PML/RARa protein and affects 
both apoptosis and differentiation. ATO has been used for induction therapy (alone or in 
combination with ATRA) and for salvage therapy in patients who relapse or do not respond to 
ATRA. Administration of these agents has increased the overall response rate to almost 100% 
for patients with acute promyelocytic leukemia. 


Table 5. Classification and Incidence of Acute Myeloid 
Leukemia 


Type FAB Subtype Incidence 
AML MO Acute myeloblastic leukemia, minimally differentiated 3%-5% 

M1 Acute myeloblastic leukemia without maturation 15%-20% 

M2 Acute myeloblastic leukemia with maturation 25%-30% 

APL M3 Acute promyelocytic leukemia, hypergranular 10%-15% 


M3v Acute promyelocytic leukemia, variant, microgranular 

AMML M4 Acute myelomonocytic leukemia 20%-30% 
M4eo Acute myelomonocytic leukemia with eosinophils 

AML M5a Acute monoblastic leukemia, poorly differentiated 2%-9% 


M5b Acute monoblastic leukemia, differentiated 
AEL M6 Acute erythroleukemia 3%-5% 
M7 Acute megakaryoblastic leukemia 3%-5% 


FAB = French-American-British Classification. 


Reprinted with permission from Hoffman R, Benz E, Shattil S, Furie B, Cohen H. Hematology: 
Basic Principles and Practice. 4th ed. Philadelphia, PA: Churchill Livingstone; 2004:Table 60-2. 
Copyright 2004, Elsevier. 
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Acute Lymphoblastic Leukemia 


Acute lymphoblastic leukemia (ALL) is a disorder of committed stem cells that is characterized 
by a proliferation of immature lymphoblasts. ALL constitutes less than 20% of acute leukemias 
in adult patients, with the highest incidence occurring in the seventh decade of life. Patients 
present with lymphocytosis, neutropenia, anemia, and thrombocytopenia, as well as 
lymphadenopathy and hepatosplenomegaly. Involvement of the central nervous system and 
testes is common, and cerebrospinal fluid examination is an essential part of the initial 
evaluation. The differential diagnosis includes Hodgkin and non-Hodgkin lymphomas, and the 
diagnosis is suspected when increased lymphoblasts are found on bone marrow examination. 
Immunophenotyping is necessary to confirm the diagnosis and determine if the lymphocytes are 
B cells, T cells, or biphenotypic cells with markers of both lymphoid and myeloid cells. Most 
adults have precursor B-cell ALL. However, the 25% of patients who have T-cell ALL have a 
better prognosis. 


The initial treatment of ALL is the same as that of AML, and patients must be stabilized with 
intravenous hydration and allopurinol. Fever is aggressively managed with cultures and empiric 
antibiotics. Chemotherapy protocols are complicated and contain prednisone, vincristine, 
anthracyclines, L-asparaginase, 6-mercaptopurine, and high-dose cytarabine for induction; high- 
dose cytarabine for consolidation; and 6-mercaptopurine and methotrexate for maintenance 
therapy. Central nervous system prophylaxis consisting of intrathecal chemotherapy with or 
without cranial irradiation may be administered to treat a potential sanctuary site, because central 
nervous system recurrence may occur and is associated with a poor prognosis. However, central 
nervous system irradiation has not been proved to be an effective prophylactic therapy. 
Monoclonal antibody therapy has recently been added to chemotherapy regimens to improve 
response rates and long-term survival. In patients with the Philadelphia chromosome (present in 
25% of young adults and 40% of elderly adults with ALL), imatinib can be added to the 
treatment protocol. Patients with B-cell ALL who are CD20 positive can be treated with 
rituximab, and new targeted monoclonal antibodies are being developed against CD19 for B-cell 
ALL and CD25 for T-cell ALL. Patients whose cells contain the CD33 surface marker (both B- 


cell and T-cell lineage) may be given alemtuzumab (Campath-1H), a monoclonal antibody 
directed against CD52. 


The complete remission rate varies from 65% to 85%, with cure achieved in up to 50% of 
patients. Age older than 60 years; the presence of precursor B cells, early T cells, or mature T 
cells on immunophenotyping; and the presence of the Philadelphia chromosome indicate a 
poorer prognosis (Table 6). 


Table 6. Prognostic Factors in Adult Acute Lymphoblastic 


Leukemia 


Risk Factor 
Age 


Performance status 


Leukocyte count 


Immunophenotype 


Chromosome 
findings 


HOX11 oncogene 


Note 


Age at diagnosis is one of the most important pretreatment risk factors, 
with advancing age associated with a worse prognosis. Chronic and 
intercurrent diseases impair tolerance to aggressive therapy; acute medical 
problems at diagnosis may reduce the likelihood of survival. 


High risk: age >60 years 
Performance status, independent of age, also influences ability to survive 
induction therapy and thus respond to treatment. 


High risk: poor performance status 


A high presenting leukocyte count is an independent prognostic factor; 
duration of complete remission is inversely related to the presenting 
leukocyte count. 


High risk: leukocyte count >30,000/uL (30.0 x 10°/L) in B-lineage disease 
and >100,000/uL (100.0 x 10°/L) in T-lineage disease 


Immunophenotype at diagnosis is an independent prognostic factor. In 
brief, T-lineage immunophenotype confers better outcome than B lineage 
and the presence of six or more T-cell markers is associated with 
favorable prognosis. 


High risk: B-lineage disease 

Chromosome findings at diagnosis constitute an independent prognostic 
factor. In brief, t(9;22), +8, t(4;11), -7, and hypodiploid karyotypes are 
associated with unfavorable outcome; normal karyotype, +21 and del(9p), 
or t(9p) confer an intermediate outcome; and del(12p) or t(12p) and 
t(14q11-q13) may be associated with favorable outcome. 


High risk: t(9;22), +8, t(4;11), -7, and hypodiploid karyotypes 

The expression of the HOX1// oncogene has a favorable outcome in 
pediatric T-lineage ALL. Studies in adult T-lineage ALL are underway. In 
addition, promoter hypermethylation of cancer-related genes is a strong 


independent prognostic factor in ALL by multivariate analysis. 


High risk: lack of HOX1/ gene expression 


Achievement of In addition to pretreatment variables, achievement of complete remission 

complete remission correlates with prognosis in ALL. Complete remission is defined as a 
neutrophil count >1500/uL (1.5 x 10°/L), a platelet count >100,000/uL 
(100.0 x 10°/L), normal bone marrow cellularity (>25%) with trilineage 
hematopoiesis with <5% blasts, and resolution of all extramedullary 
disease. 


High risk: lack of achievement of complete remission 


NOTE: Prognostic factors are important to tailor risk-adjusted treatments that would limit 
aggressive approaches for patients at high risk for relapse and reserve less rigorous treatments for 
lower-risk patients. 


ALL = acute lymphoblastic leukemia. 


Reprinted with permission from Physicians’ Information and Education Resource (PIER). 
American College of Physicians. Copyright 2008, American College of Physicians. 
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Additional Treatments 


e Hematopoietic Growth Factors 
e Hematopoietic Stem Cell Transplantation 
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Hematopoietic Growth Factors 


Numerous hematopoietic growth factors and cytokines are responsible for controlling the 
differentiation of committed progenitor cells. Four growth factors have been isolated and 
synthesized for clinical use. Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
supports growth and development of myeloid cells, monocytes, and macrophages. Granulocyte 
colony-stimulating factor (G-CSF) maintains the growth and development of myeloid cell lines. 
Erythropoietin (EPO) stimulates and maintains erythroid maturation, and thrombopoietin (TPO) 
regulates megakaryocyte growth and platelet production. 


GM-CSF and G-CSF are used for treating chemotherapy-induced neutropenia and fever in 
patients with nonmyeloid malignancies, for treating severe chronic neutropenia, and for 
prophylaxis in patients receiving myelosuppressive chemotherapy regimens that have a high 
incidence of associated neutropenia. G-CSF is also used to mobilize stem cells for collection, to 
decrease the duration of neutropenia after stem cell transplantation, and to treat myelodysplastic 
syndromes. 


EPO is produced in the peritubular cells of the renal cortex and is released in response to 
decreasing oxygen saturation in order to maintain an appropriate red blood cell mass. EPO is 
indicated for treating anemia due to chronic kidney disease when the hemoglobin level falls to 
less than 10 g/dL, for treating the anemia caused by AIDS, and for use in some chemotherapy- 
associated anemias. When using EPO, the hemoglobin level must not exceed 12 g/dL (120 g/L) 
in patients with chronic kidney disease because of the risk of thrombosis. In addition, in August 
2008, the FDA mandated that EPO should not be used in patients receiving myelosuppressive 
therapy with intent to cure because of reports of worsening survival rates in this treatment 
setting. 


TPO is a physiologic regulator of megakaryocytes and platelet production. Because early 
attempts to treat patients with TPO caused many complications, synthetic TPO receptor agonists 
were developed, and in August 2008, the first TPO receptor agonist, romiplostim, became 
available. This drug is administered subcutaneously weekly and stimulates megakaryocytes to 
increase platelet production. It is currently approved for the treatment of chronic immune 
thrombocytopenic purpura as a second-line agent for the treatment of patients unresponsive to or 
intolerant of first-line therapy or splenectomy and is under investigation for other indications. 
Three other TPO receptor agonists are in production, and at least one oral drug is awaiting FDA 
approval. 


PreviousNext 


Hematopoietic Stem Cell Transplantation 


HSCT and bone marrow transplantation are used to treat many of the previously discussed 
hematologic disorders. Autologous transplants use the patient’s own hematopoietic stem cells, 
which are harvested, stored, and then reinfused after myeloablative chemotherapy. Allogeneic 
transplants harvest stem cells from an HLA-matched donor, and these stem cells are then infused 
in the recipient after myeloablative or nonmyeloablative chemotherapy. Nonmyeloablative 
transplants (also called reduced-intensity transplants or “mini” transplants) use less intensive 
chemotherapy and are therefore less toxic and easier to tolerate for patients older than 60 years of 
age. However, the immunosuppression that is required to allow engraftment increases the risk of 
graft-versus-host disease and opportunistic infections. 


In general, the effectiveness of transplantation is determined by the underlying disease as well as 
by factors related to the transplantation process itself. For example, the optimal CD34 (stem cell) 
“dose” has not been determined. Engraftment requires an adequate dose of cells, but increasing 
doses of CD34 cells result in an increased incidence of graft-versus-host disease in patients 


following allogeneic transplantation. In addition, autologous stem cell transplantation may be 
complicated by contamination with tumor cells, and some centers therefore manipulate 
autologous donations to remove any tumor cells before transplantation. 


Allogeneic HSCT following myeloablative high-dose chemotherapy is potentially curative for 
young patients (<40 years of age) with severe or very severe aplastic anemia, myelofibrosis, 
refractory chronic myeloid leukemia, high-risk acute myeloid leukemia in first clinical 
remission, acute lymphoblastic leukemia in clinical remission, high-risk myelodysplastic 
syndromes, and refractory non-Hodgkin lymphoma. Nonmyeloablative HSCT is effective in 
older patients with refractory chronic myeloid leukemia, chronic lymphocytic leukemia, multiple 
myeloma, and non-Hodgkin lymphoma. Autologous HSCT prolongs disease-free survival in 
patients with multiple myeloma and non-Hodgkin lymphoma. 
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Multiple Myeloma and Related Disorders 


Introduction 

Multiple Myeloma 

Monoclonal Gammopathy of Undetermined Significance 
Immunoglobulin Light-Chain (AL) Amyloidosis 


Waldenström Macroglobulinemia 


Key Points 


Patients with asymptomatic multiple myeloma can be followed without therapy, until 
end-organ damage occurs. 

Novel therapeutic agents with promising results in the treatment of multiple myeloma 
include thalidomide, lenalidomide, and bortezomib. 

Non-IgG monoclonal gammopathy of undetermined significance, abnormal serum free 
light-chain ratio, and an M spike greater than 1.5 g/dL are predictive of progression to a 
plasma cell proliferative disorder over 20 years. 

Monitoring for plasma cell dyscrasias is important in patients with monoclonal 
gammopathy of undetermined significance because early recognition and treatment 
favorably affect outcome. 

Detection of monoclonal gammopathy in serum and urine by immunofixation 
electrophoresis, abnormal serum free light-chain ratio, or clonal plasmacytosis (5% to 
10%) with the presence of Congo red-staining amyloid deposits in the tissues support the 
diagnosis of AL amyloidosis. 

Selected patients with AL amyloidosis who qualify for treatment with high-dose 
melphalan and stem cell transplantation experience hematologic remission and prolonged 
survival, with reversal of amyloid-related organ dysfunction. 

The hyperviscosity syndrome of Waldenström macroglobulinemia is characterized by 
blurred vision, fatigue, mucosal bleeding, headache, heart failure, and altered mentation. 
Hyperviscosity syndrome should be treated with plasmapheresis and specific treatment 
for Waldenström macroglobulinemia including chlorambucil, rituximab, and fludarabine 
or cladribine. 
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Introduction 


Plasma cell dyscrasias are characterized by clonal proliferation of immunoglobulin-secreting 
differentiated B lymphocytes and plasma cells. Multiple myeloma is the most common 
malignant plasma cell dyscrasia. Other common plasma cell dyscrasias include monoclonal 
gammopathy of undetermined significance (MGUS), immunoglobulin light-chain (AL) 
amyloidosis, and Waldenström macroglobulinemia. 
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Multiple Myeloma 


Multiple myeloma is caused by accumulation of neoplastic plasma cells in the bones and bone 
marrow. These plasma cells generally produce a homogeneous immunoglobulin protein that can 
be detected in the serum (paraprotein or M component) or urine (as the immunoglobulin light- 
chain component or Bence-Jones protein). Osteoclast activity occurs in myeloma secondary to 
overexpression of certain cytokines, resulting in the characteristic osteolytic lesions. Multiple 
myeloma occurs more commonly in men than in women and occurs rarely before the age of 40 
years (median age at presentation, 60 years), with 12,500 new cases occurring yearly in the 
Untied States. 
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Clinical Manifestations and Findings 


Patients with multiple myeloma may present with such nonspecific symptoms as bone pain 
(particularly in the back or the chest), fatigue, infections, fractures, and weight loss. 


The most common physical finding is pallor. Neurologic findings may also be present. Large 
plasmacytomas can cause spinal cord or nerve-root compression, and neuropathy can develop 
because of the neuropathic effect of the paraprotein. 


Laboratory findings include high concentrations of paraprotein, including positively charged M 
protein, which can lead to expansion of plasma volume and decreased anion gap, 
pseudohyponatremia, or pseudohypoglycemia. Hypercalcemia is present in 15% of patients at 
diagnosis and is mediated by cytokines (osteoclast-activating factor, IL-6, tumor necrosis factor 
B, and IL-1B) and immobilization caused by inactivity. Hematologic manifestations include 
rouleaux formation on peripheral blood smear, anemia, thrombocytopenia, and the coating of 
platelets by M protein, which causes platelet dysfunction. Abnormal serum creatinine, low 
potassium levels, and low serum bicarbonate levels could also occur in patients with renal 
manifestations of myeloma. 


Suppression of normal immunoglobulin synthesis results in recurrent infections in patients with 
multiple myeloma. Anemia may be caused by bone marrow infiltration, deficiency of 
erythropoietin levels, and increased inflammatory cytokine levels. Nephropathy may be caused 


by renal tubular dysfunction due to tubular light-chain deposition; proximal tubular dysfunction 
leading to Fanconi syndrome, hypercalcemia-induced distal tubular dysfunction; amyloid fibril 
deposition in glomeruli, resulting in the nephrotic syndrome; urinary tract infections; contrast 
agents; and nephrotoxic antibiotics and drugs. 


Plain radiography and MRI can detect the lytic bone lesions in multiple myeloma, whereas bone 
scan primarily detects osteoblastic activity (Figure 1). 
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Figure 1. Multiple lytic lesions and a pathologic fracture of 
right humerus in a patient with multiple myeloma. 
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Diagnosis and Prognosis 


The International Myeloma Working Group has agreed on three simplified criteria for the 
diagnosis of symptomatic multiple myeloma (Table 7). The diagnostic criteria proposed by the 
World Health Organization rely on major and minor diagnostic criteria (see Table 7). The 
International Myeloma Working Group criteria distinguish asymptomatic myeloma from 
symptomatic myeloma on the basis of whether end-organ damage has occurred. Therapy is not 
required in asymptomatic patients; however, they should undergo follow-up monitoring every 3 
to 4 months. Laboratory testing should include serum protein electrophoresis, complete blood 
count, and serum creatinine and calcium measurement. Bone survey should be considered 
annually to evaluate for asymptomatic bone lesions. 


Multiple myeloma used to be staged according to the levels of monoclonal protein production, 
anemia, extent of bone disease, presence of hypercalcemia, and renal failure. A simpler staging 
scheme uses measurement of Bz microglobulin concentration, a surrogate marker for myeloma 
tumor mass and renal function, and serum albumin to identify patients with good, intermediate, 
and poor prognosis (Table 8). 


Table 7. Criteria for the Diagnosis of Multiple Myeloma 


International Myeloma Working Group Criteria for the Diagnosis of Multiple Myeloma 


1. Monoclonal plasma cells in the bone marrow >10% and/or presence of a biopsy-proven 
plasmacytoma. 


2. Monoclonal protein present in the serum and/or urine. 
3. Myeloma-related organ dysfunction (1 or more): 


Calcium elevation in the blood (serum calcium >10.5 mg/L [2.63 mmol/L] or upper limit of 
normal) 


Renal insufficiency (serum creatinine >2 mg/dL [152.6 umol/L]) 
Anemia (hemoglobin <10 g/dL [100 g/L] or 2 g < normal) 
Lytic bone lesions or osteoporosis 
WHO Criteria for the Diagnosis of Multiple Myeloma 
Major Criteria 
Plasmacytoma on tissue biopsy 
Bone marrow clonal plasma cells >30% 


High M protein (IgG >3.5 g/dL [35 g/L], IgA >2.0 g/dL [20 g/L], Bence-Jones proteinuria >1.0 
g/24 h) 


Minor Criteria 
Bone marrow clonal plasma cells 10%-30% 
M-protein less than above 


Lytic bone lesions 
Reduced normal immunoglobulins to <50% of normal 


WHO = World Health Organization. 
“Diagnostic requirements: The diagnosis of multiple myeloma requires a minimum of one major 


criterion and one minor criterion or three minor criteria, which must include bone marrow 
plasmacytosis of 10%-30% and the presence of a monoclonal protein. 


Table 8. International Staging System for Multiple Myeloma 


Stage Criteria Median Survival 
(months) 
I Serum B2-microglobulin <3.5 mg/L, serum albumin >3.5 g/dL 62 
(35 g/L) 
II Not stage I or II 44 
II Serum $2-microglobulin >5.5 mg/L 29 
PreviousNext 
Treatment 


Therapy with melphalan and prednisone or combinations with additional alkylating agents or 
anthracyclines have yielded response rates (>50% M protein reduction) in approximately 50% of 
patients with multiple myeloma. Complete hematologic remission, defined as an absence of 
monoclonal gammopathy in serum or urine and normal bone marrow aspirate/biopsy, occurs in 
no more than 5% of patients. Median event-free survival and overall survival have not exceeded 
18 and 30 to 36 months, respectively; cures have not been reported. The poor prognosis of 
patients with multiple myeloma reflects the exquisite drug resistance of even newly diagnosed 
multiple myeloma. 


High-dose dexamethasone pulsing alone or in combination with continuous infusions of 
vincristine and doxorubicin represent an effective regimen for patients whose disease has 
progressed while receiving melphalan and prednisone. As initial therapy, vincristine and 
doxorubicin induce a more marked and rapid tumor cytoreduction than standard melphalan and 
prednisone or similar regimens. Overall survival, however, is not improved. 


Interferon has been evaluated as part of remission induction and maintenance therapy as well as 
part of salvage therapy. Although interferon results in prolonged event-free survival, its impact 
on overall survival has been negligible. 


Randomized and historically controlled trials have recently demonstrated the superiority of high- 
dose chemotherapy and autologous stem cell transplantation over standard treatment in achieving 
remission rates of up to 40% to 50% and extending median event-free and overall survival to 3 
years and more than 5 years, respectively. 
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Supportive Therapy 


Erythropoietin improves multiple myeloma—associated anemia in about 75% of patients, even in 
the absence of kidney disease, and is especially useful when anemia persists because of 
irreversible renal failure. An important adjunct in treatment, especially for bone lesions, is 
parenteral bisphosphonate therapy, such as pamidronate or zoledronic acid, which delays the 
onset of skeletal-related events and seems to extend survival. Renal dysfunction and 
osteonecrosis of the jaw (Figure 2) after dental procedures are potential adverse effects of long- 
term parenteral bisphosphonate therapy. 


Hypercalcemia in patients with multiple myeloma is managed with saline hydration, 
corticosteroids, and bisphosphonates. Prophylactic immunizations for pneumonia and influenza 
are mandatory. Patients with recurrent bacterial infections may benefit from prophylactic 
monthly immune globulin infusion. 


Figure 2. Osteonecrosis of the jaw, a complication related to 
bisphosphonate therapy. 


Reprinted with permission from Woo SB, Hellstein JW, Kalmar JR. Systematic Review: 
Bisphosphonates and Osteonecrosis of the Jaws. Ann Intern Med. 2006;144(10):753-761. 
[PMID: 16702591] Copyright 2006, American College of Physicians. 
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Novel Therapies 


Thalidomide is a novel treatment in multiple myeloma that does not appear to act through a 
cytotoxic effect. Instead, it may inhibit the growth and survival of tumor cells, bone marrow 
stromal cells, or both; alter the profile of adhesion molecules and interactions between tumor 
cells and bone marrow stromal cells; modulate the cytokine milieu; inhibit angiogenesis; or 
increase the number of CD8 cells through its immunomodulatory effects. Thalidomide-based 
regimens have been evaluated in several trials and are being used in relapsed, refractory, and 
front-line settings. Therapy is generally well tolerated, and toxicities include fetal malformations, 
constipation, sedation, skin rash, peripheral neuropathy, fatigue, and thromboembolism. 
Discontinuation of thalidomide is not always required to manage toxicities. Lenalidomide, a 
potent analogue of thalidomide, offers great promise in myeloma. The toxicity profile is different 
from that of thalidomide, with less neuropathy, fatigue, and somnolence, but with increased risk 
for neutropenia and thrombocytopenia. Lenalidomide also can lead to thromboembolism. 


Bortezomib, a proteasome inhibitor, inhibits cell growth, induces apoptosis, and allows myeloma 
cells in vitro to overcome drug resistance, and it has shown significant activity in myeloma. This 
agent was U.S. Food and Drug Administration approved as second-line therapy for myeloma in 
2004. Major toxicities are fatigue, asthenia, peripheral neuropathy, and thrombocytopenia. 


Novel therapies, alone and in combination regimens, have replaced oral melphalan and 
prednisone as well as vincristine and doxorubicin and can be used for initial treatment and in 
relapsed or refractory disease. 
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Monoclonal Gammopathy of Undetermined Significance 


Monoclonal gammopathy of undetermined significance (MGUS) is found in approximately 1% 
to 2% of adults. The incidence is higher in patients older than 70 years and in blacks. MGUS is 
defined by the criteria listed in (Table 9) and is characterized by a tendency towards 
development of multiple myeloma or a related malignancy at the rate of 1% to 1.5% per year. 


Whether these associations are pathogenetically related or are merely coincidental is not clear. 
MGUS is always asymptomatic and is usually discovered through incidental laboratory findings, 
most often, hyperproteinemia. A monoclonal spike is identified on subsequent protein 
electrophoresis. Laboratory evaluation should include a complete blood count and measurement 
of serum calcium, creatinine, and electrolytes as well as immunoglobulin quantitation, serum and 
urine protein electrophoresis, serum and urine immunofixation electrophoresis, and a bone 
survey. Examination of the bone marrow is not always required, but, if done, should show less 
than 10% plasma cells. 


IgG or IgA MGUS may progress to multiple myeloma, AL amyloidosis, or a related plasma cell 
disorder, whereas IZM MGUS may progress to a lymphoproliferative disorder (non-Hodgkin 
lymphoma, chronic lymphocytic leukemia, or Waldenström macroglobulinemia). A risk- 
stratification model to predict the risk of progression of MGUS uses three adverse risk factors: 
(1) a serum M protein level greater than or equal to 1.5 g/dL, (2) non-IgG MGUS, and (3) an 
abnormal serum free light-chain ratio. Using this model, the risk of disease progression over 20 
years for patients with various combinations of risk factors is as follows: 


e three risk factors (high-risk MGUS) — 58% 

e two risk factors (high—intermediate-risk MGUS) — 37% 
e one risk factor (low—intermediate-risk MGUS) — 21% 

e norisk factors (low-risk MGUS) — 5% 


MGUS may rarely be associated with nonmalignant disorders, such as skin diseases 
(scleroderma, pyoderma gangrenosum), liver diseases (cirrhosis, primary biliary cirrhosis, 
hepatitis), rheumatologic diseases (rheumatoid arthritis, polymyositis, polymyalgia rheumatica), 
and HIV infection. 


Patients with MGUS should be evaluated every 3 to 6 months for symptoms suggestive of 
myeloma and receive repeat laboratory tests every 6 to 12 months. Repeat bone marrow 
evaluation should be done only if other laboratory features suggest progression to multiple 
myeloma. Although there is no treatment to prevent progression of MGUS to multiple myeloma, 
monitoring for plasma cell dyscrasias is important because early recognition and treatment 
favorably affect outcome. 


Table 9. Monoclonal Gammopathy of Undetermined 
Significance 


The presence of a serum monoclonal protein (M-protein, whether IgA, IgG, or IgM), at a 
concentration <3 g/dL (30 g/L) 


Bone marrow plasma cells <10% 


The absence of lytic bone lesions, anemia, hypercalcemia, and renal insufficiency related to the 
plasma cell proliferative process or related B-cell lymphoproliferative disorder 
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Immunoglobulin Light-Chain (AL) Amyloidosis 


The amyloidoses are a group of diseases that share a common feature of extracelluar deposition 
of pathologic, insoluble fibrils in various tissues and organs. Classification of the amyloidoses is 
based on the precursor protein that forms the amyloid fibrils and the distribution of amyloid 
deposition, systemic or localized. 


AL amyloidosis is the most common systemic amyloidosis associated with an underlying clonal 
plasma cell dyscrasia. The precursor protein in AL amyloidosis is an immunoglobulin light chain 
or a fragment of a light chain, produced by the clonal plasma cell population in the bone marrow. 
The plasma cell burden in this disorder is usually low, at 5% to 10%, although AL amyloidosis is 
associated with overt multiple myeloma in 10% to 15% of cases. 


AL amyloidosis most frequently affects the kidneys and the heart. Kidney involvement usually is 
manifested by nephrotic syndrome with progressive worsening of renal function. Amyloid 
deposition in the heart results in rapidly progressive heart failure caused by restrictive 
cardiomyopathy. Low voltage on electrocardiography is found in many patients with AL 
amyloidosis and often is associated with a pseudoinfarct pattern. Splenomegaly occurs rarely, 
whereas hepatomegaly occurs commonly and is caused by congestion from right heart failure or 
by amyloid infiltration. Profound elevation of the serum alkaline phosphatase concentration with 
only a mild elevation of aminotransferases is characteristic of hepatic amyloidosis. Autonomic 
nervous system involvement can lead to orthostatic hypotension, early satiety caused by delayed 
gastric emptying, erectile dysfunction, and intestinal dysmotility. A painful, bilateral, symmetric, 
distal, sensory neuropathy that progresses to motor neuropathy is the usual neurologic 
manifestation in AL amyloidosis. Soft-tissue involvement is characterized by macroglossia 
(Figure 3), carpal tunnel syndrome, skin nodules, arthropathy, alopecia, nail dystrophy, 
submandibular gland enlargement, periorbital purpura (Figure 4), and hoarseness. 
Endocrinopathy occurs rarely but may develop owing to amyloid infiltration of the glands. 


The diagnosis of amyloidosis requires a tissue biopsy that demonstrates apple-green 
birefringence when stained with Congo red and viewed under a polarizing microscope. The site 
of the biopsy may reflect underlying organ dysfunction. If the clinical syndrome suggests 
amyloidosis, less-invasive biopsy of an abdominal fat pad may be diagnostic. Confirmation of 
AL amyloidosis requires detection of a plasma cell dyscrasia by serum and urine immunofixation 
electrophoresis, serum free light-chain assay, and immunohistochemistry studies of the bone 
marrow biopsy specimen. 


Treatment of AL amyloidosis with standard melphalan plus prednisone regimens used to treat 
multiple myeloma is associated with a short-lived response rate and a poor prognosis. High-dose 
melphalan and stem cell transplantation induces hematologic remission and prolongs survival, 
with reversal of amyloid-related organ dysfunction; however, patients who do not meet 
predefined criteria, such as age, cardiac status, performance status, and others, are not eligible for 
this aggressive therapy. 


Specific chemotherapy is directed towards the underlying plasma cell dyscrasia to eradicate the 
production of the precursor protein. Novel treatments for myeloma are also being used for AL 
amyloidosis in clinical trials. Supportive organ-specific treatment may include diuretics, 
midodrine, or defibrillation. 


Figure 3. Macroglossia. 


A hallmark feature of AL amyloidosis. 


Figure 4. Periorbital ecchymoses. 


Raccoon eyes in a patient with AL amyloidosis. 
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Waldenström Macroglobulinemia 


Waldenström macroglobulinemia results from the proliferation of B lymphocytes that show 
maturation to plasma cells and is characterized by a lymphoplasmacytic infiltrate of the bone 
marrow, lymphadenopathy, anemia, neuropathy, organomegaly, IgM monoclonal gammopathy, 
and hyperviscosity syndrome. Hyperviscosity syndrome, which is related to the physicochemical 
properties of IgM, is identified by blurred vision; fatigue; mucosal bleeding caused by impaired 
platelet function; heart failure; headache; and altered mentation. Funduscopic examination in 
these patients may show engorged retinal veins. Plasmapheresis temporarily relieves acute 
symptoms and should be combined with specific treatment that may include chlorambucil, 
rituximab, and fludarabine or cladribine. 
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Approach to Anemia 


Overview 
Anemia Due to Erythrocyte Underproduction or Maturation Defects 


e Anemia Due to Peripheral Destruction of Erythrocytes or Blood Loss 


e Iron Overload Syndromes 
e Erythrocytosis 


Key Points 


e Gastrointestinal blood loss or malabsorption states such as celiac disease and 
inflammatory bowel disease can lead to iron deficiency. 

e Patients with iron deficiency may present with fatigue, irritability, decreased exercise 
tolerance, and headaches before anemia is confirmed. 

e Review of the peripheral blood smear, followed by measurement of serum iron and 
ferritin concentrations and assessment of total iron-binding capacity, are the first steps in 
the evaluation of suspected iron deficiency. 

e A ferritin concentration of higher than 100 ng/mL (100 mg/L) effectively rules out iron 
deficiency. 

e Iron deficiency is best treated by using oral iron salts, with ferrous sulfate as the least- 
expensive preparation. 

e Cobalamin deficiency is characterized by elevations in serum homocysteine and 
methylmalonic acid levels, and those markers may be useful for diagnosis in patients with 
low-normal levels of serum cobalamin. 

e Oral replacement of cobalamin is as effective as parenteral replacement in treating 
cobalamin deficiency. 

e Folate replacement can improve the anemia in cobalamin-deficient patients but will not 
improve neurologic abnormalities. 

e Alcohol abuse, excessive cooking of vegetables, small bowel diseases, pregnancy, and 
desquamatory skin diseases are associated with folate deficiency. 

e Folate deficiency is treated with daily oral folate supplementation. 

e Folate replacement can improve the anemia in patients with cobalamin deficiency but 
will not improve neurologic complications. 

e Inflammatory anemia is characterized by a low serum iron level and total iron-binding 
capacity and increased ferritin level. 

e Inflammatory anemia typically results in mild to moderate anemia, with a hemoglobin 
level usually greater than 8 g/dL (80 g/L), and usually does not require treatment. 

e The anemia associated with kidney disease is typically normochromic and normocytic. 

e Supplemental erythropoietin corrects the anemia of kidney disease in more than 95% of 
patients. 

e Darbepoetin, a newer U.S. Food and Drug Administration—approved erythropoiesis- 
stimulating protein with a longer half-life than erythropoietin, can be used in kidney 
disease as an alternative to erythropoietin. 

e Microangiopathic hemolytic anemia is characterized by erythrocyte fragmentation. 

e Warm antibody—mediated hemolytic anemia is characterized by microspherocytes on the 
peripheral blood smear and a positive Coombs test. 

e Splenectomy is helpful in reducing hemolytic episodes in patients with hereditary 
spherocytosis. 

e Paroxysmal nocturnal hemoglobinuria is characterized by hemolysis, thrombosis, and 
bone marrow aplasia. 


e Results of hemoglobin electrophoresis are normal in patients with a-thalassemia trait. 

e Patients with B-thalassemia have increased levels of hemoglobin A2 and fetal 
hemoglobin. 

e Administration of inappropriate iron therapy in the mistaken belief that microcytic 
anemia in thalassemic patients is caused by iron deficiency compounds iron overload 
issues. 

e Hydroxyurea improves mortality and decreases painful crisis in patients with SS disease. 

e The most common gene abnormalities in hemochromatosis are C282Y and H63D, two 
mutations in the HFE gene. 

e Early hemochromatosis is typically characterized by a mild elevation in aminotransferase 
levels. 

e Phlebotomy is the initial treatment of patients with hemochromatosis. 

e Tron chelation is indicated for patients with secondary iron overload. 

e Low serum erythropoietin levels help to distinguish polycythemia vera from secondary 
forms of erythrocytosis. 

e Postrenal transplant erythrocytosis responds to angiotensin-converting enzyme inhibitor 
therapy. 

e Patients with erythrocytosis caused by ectopic erythropoietin production should undergo 
phlebotomy. 
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Overview 


Anemia is defined as a reduction in the oxygen-carrying capacity of the blood caused by a 
diminished erythrocyte mass. It can be divided into three general categories: blood loss, 
diminished erythrocyte production, and increased erythrocyte destruction (hemolysis). 
Underproduction anemias can be further divided into those associated with erythropoietin 
deficiency and those associated with diminished marrow response to erythropoietin. 
Erythropoietin, a 165—amino acid glycoprotein normally produced by the kidney, stimulates 
proliferation and maturation of erythroid cells. Erythropoietin production is regulated at the level 
of transcription and is increased in response to hypoxia. In addition to erythroid precursors in the 
marrow and erythropoietin, elemental iron, vitamins, cytokines, and a suitable microenvironment 
are essential for normal erythrocyte production. 


In the evaluation of patients with anemia, the first steps, after obtaining the history and 
performing the physical examination, are to review the peripheral blood film and to check the 
reticulocyte count. The reticulocyte count is a reflection of the marrow’s response to anemia. As 
such, a high reticulocyte count reflects adequate marrow response to anemia as typically occurs 
in patients with hemolytic anemia. An inappropriately low reticulocyte count is indicative of an 
underproduction anemia. The reticulocyte count is typically reported as a percentage of total 
erythrocytes. In the presence of anemia, the percentage may be increased artificially because of a 
decrease in the total number of erythrocytes. In addition, excess erythropoietin production during 
marrow stress can cause a doubling in the half-life of circulating reticulocytes. Therefore, in the 


evaluation of the patient with anemia, the reticulocyte count is often corrected as the reticulocyte 
index, which is represented by: 


reticulocyte index = percentage of reticulocytes x patient's 
hematocnt/45 x 0.5. 


Alternatively, using flow cytometry, the reticulocyte count can be determined in absolute 
numbers, with a normal value ranging from 31.7 to 104.6 x 10°/L. Values higher than 110 x 
10°/L are indicative of marrow that is responding normally to anemia. The flow cytometric 
reticulocyte count is currently the most commonly used, and least awkward, representation of 
reticulocyte response. 


The peripheral blood smear and red cell indices provide information on erythrocyte size, 
morphology, and distribution. Microcytic anemia is usually caused by iron deficiency or 
thalassemia. Normocytic anemia typically occurs in inflammatory anemia or kidney disease, 
although the former may also be mildly microcytic. Macrocytic anemia is typical of cobalamin 
or folate deficiency, induced by the use of drugs affecting cellular differentiation, such as 
antimetabolites; excessive alcohol consumption; or myelodysplasia. Reviewing the peripheral 
blood film can provide information on erythrocyte-shape abnormalities in addition to providing 
information on platelet or leukocyte morphology, which is not available from a typical complete 
blood count report. 


An algorithm for the basic workup of anemia is illustrated in Figure 5. Examination of bone 
marrow histology may also be useful in the evaluation of some patients with anemia whose 
diagnosis is not readily apparent from review of the peripheral blood film. For example, Prussian 
blue staining can be helpful in determining iron stores. Wright stain also is useful in identifying 
abnormalities in cellular differentiation as found in patients with leukemia or myelodysplasia. 
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Figure 5. Diagnostic workup for the patient with anemia. 
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Iron Deficiency 


Iron deficiency is a worldwide problem that is exacerbated in women by pregnancy and 
lactation. Iron is required for DNA synthesis, oxygen transport, and cellular respiration. Most 
total body iron is stored in erythrocytes. Each milliliter of packed erythrocytes contains about 1 
mg of iron. Iron absorption is closely modulated by the small polypeptide hepcidin, which 
inhibits iron absorption in the enterocyte and iron release from the macrophages by causing 
internalization and proteolysis of the iron transport protein, ferroportin. In iron-deficient states, 
hepcidin levels are depressed, facilitating iron absorption (Figure 6). 


In addition to pregnancy and lactation, iron deficiency may also be the result of normal growth, 
blood loss, intravascular hemolysis, gastric bypass procedures, and malabsorption; however in 
the adult male and nonmenstruating female, gastrointestinal blood loss must be the presumed 
cause until proved otherwise. Iron absorption from the gut is tightly regulated, such that the daily 
amount of iron absorbed is approximately equal to the daily amount of iron lost (1 mg/d for men 
and 1.5 mg/d for women). Iron is absorbed mostly in the proximal small bowel, and 
malabsorption states, such as celiac disease and inflammatory bowel disease, can lead to iron 
deficiency. Most adults consume about 5 mg of iron per 1000 calories. Meats and liver are rich 
sources of iron, legumes contain moderate amounts of iron, and most other vegetables contain 
some iron that is often chelated by phytates or oxalates, making absorption difficult. 


Patients with mild iron deficiency may complain of fatigue, irritability, decreased exercise 
tolerance, and headaches before they become anemic. Occasionally, patients with advanced iron 
deficiency exhibit the tendency to eat ice, clay, starch, and crunchy materials (pica). 


The physical examination in iron-deficient patients is typically normal. More severe deficiency 
includes findings of pallor, glossitis, and stomatitis. Conjunctival pallor is a sensitive physical 
finding in iron deficiency. In patients with severe iron deficiency, spooning of the nails 
(koilonychia) is noted. 


The first step in the evaluation of patients with suspected iron deficiency is review of the 
peripheral blood smear, followed by measurement of serum iron concentration, total iron-binding 
capacity (TIBC), and serum ferritin concentration. The peripheral blood smear in patients with 
iron deficiency (Figure 7) is remarkable for microcytic, hypochromic erythrocytes, with marked 
anisopoikilocytosis (that is, abnormalities in erythrocyte size and shape). Thrombocytosis is 
noted frequently in patients with iron deficiency. 


The serum iron concentration, a poor reflection of iron stores, is usually low in patients with iron 
deficiency; the TIBC is high; the percentage of transferrin saturation (iron/TIBC) is low; and the 
serum ferritin concentration is low. Because the serum ferritin concentration can increase in 
inflammatory states, ferritin may be normal or elevated in patients with iron deficiency, but a 
ferritin concentration of more than 100 ng/mL (100 mg/L) effectively rules out iron deficiency, 
and a ferritin of less than 15 ng/mL (15 mg/L) rules in iron deficiency. Elevated concentrations 
of soluble transferrin receptor and zinc protoporphyrin have been used to establish a diagnosis of 
iron deficiency, but there is significant overlap between levels found in iron-deficient patients 
and normal control patients. As such, iron deficiency should be suspected in an anemic patient 


with hypochromia and microcytosis regardless of the serum ferritin level. A bone marrow biopsy 
can be used to establish a diagnosis of iron deficiency but is indicated only if results of the tests 
described above are not confirmatory. 


Iron deficiency is best treated by using oral iron salts, with ferrous sulfate, 325 mg three times 
daily, as the least-expensive preparation. Each 325-mg tablet of ferrous sulfate contains 66 mg of 
iron, 1% to 2% of which is absorbed. Although ascorbic acid has been shown to augment oral 
iron absorption, there are no convincing data suggesting that the addition of this agent is worth 
the cost or increase in gastrointestinal side effects. Although there are alternative preparations of 
oral iron, none of these has conclusively been shown to increase oral tolerability. Iron absorption 
is inhibited by antacids, antibiotics, and many foods, including cereals and dietary fiber. 
Optimally, iron should not be taken with meals. Most patients tolerate oral ferrous sulfate with 
minimal side effects, which tend to be gastrointestinal in nature. For those intolerant of full-dose 
oral iron, the dosage can be reduced to 325 mg daily for several days with increasing dosing over 
time. Iron therapy is typically continued several months following normalization of the 
hemoglobin level. Patients who are unable to absorb iron orally (for example, patients with 
Crohn disease, celiac disease, or small bowel resection) instead may receive parenteral iron. 
Although iron dextran has been used in the past for this purpose, ferric gluconate and iron 
sucrose preparations appear less apt to cause anaphylaxis-like reactions and are safer to 
administer. 


After iron therapy is initiated, symptoms such as headache, fatigue, and burning of the tongue 
resolve within days. Reticulocytosis occurs several days after therapy is begun and reaches its 
peak within 7 to 12 days of initiation of therapy. Noticeable increases in hemoglobin 
concentration usually occur within several weeks. 


Figure 6. Regulation of iron absorption. 
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Figure 7. Hypochromia and microcytosis with 
anisopoikilocytosis in a patient with iron deficiency. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 
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Cobalamin (Vitamin B42) Deficiency 


Cobalamin is necessary for DNA synthesis. Unlike some microorganisms, humans must 
consume cobalamin to survive. Upon ingestion, cobalamin is released from food by gastric 
peptidases. In the acidic stomach, cobalamin is bound to R-binders released by saliva and the 
stomach. In the alkaline small bowel, cobalamin is bound to intrinsic factor, which is necessary 
for intestinal absorption in the terminal ileum. It then becomes bound to transcobalamin for 


storage. Because cobalamin has a large enterohepatic circulation and large reserves in the liver, 
cobalamin deficiency from decreased oral intake takes years to develop. 


Cobalamin deficiency results from malabsorption, or, very rarely, decreased intake in vegans. 
Such malabsorption may be selective for cobalamin in patients with pernicious anemia who lack 
intrinsic factor or may be part of a broader malabsorptive process in patients with inflammatory 
bowel disease affecting the terminal ileum or resulting from pancreatic insufficiency or bacterial 
overgrowth. Cobalamin deficiency has been reported as a result of metformin therapy. This may 
be related to decreased calcium-mediated absorption of cobalamin in the ileum. 


Typical physical examination findings in patients with cobalamin deficiency include glossitis, 
weight loss, and pale yellow skin caused by the combination of anemia and hemolysis of 
abnormal erythrocytes. Patients with cobalamin deficiency also may have neurologic findings, 
including loss of position and vibratory sense, which can progress to spastic ataxia. In patients 
with cobalamin deficiency, neuropsychiatric findings, including dementia or psychosis, may 
occur in the absence of significant anemia. 


The diagnostic approach to patients with cobalamin deficiency is two-pronged, consisting of 
establishing the diagnosis and determining the cause of the deficiency. In addition to being 
characterized by neurologic findings on physical examination, cobalamin deficiency should be 
suspected in patients who are elderly, abuse alcohol, and have malnutrition. The next step in 
establishing a diagnosis is review of the peripheral blood smear, followed by measurement of 
serum cobalamin and folate concentrations. In the event of equivocal results in these values, 
methylmalonic acid and total homocysteine levels can be measured. 


The peripheral blood smear in cobalamin deficiency is identical to that found in folate deficiency 
or other types of megaloblastic anemia, showing macro-ovalocytes and hypersegmented 
polymorphonuclear cells (Figure 8). Affected patients may have thrombocytopenia and 
leukopenia as well as anemia. Macrocytic red blood cell indices and megaloblastic marrow 
changes may also be present in patients with cobalamin deficiency, and basophilic stippling may 
occur. Because cobalamin deficiency leads to ineffective hematopoiesis, serum lactate 
dehydrogenase, unconjugated bilirubin, and uric acid levels may all be increased. Although very 
low levels of cobalamin (<200 pg/mL) are indicative of cobalamin deficiency, some patients may 
have significant cobalamin deficiency with serum cobalamin levels in the low-normal range (200 
to 400 pg/mL). Serum methylmalonic acid and homocysteine levels increase before cobalamin 
levels decrease below the normal range and are the most reliable indicators of tissue cobalamin 
deficiency (Figure 9); however, these tests are expensive and should be ordered only when the 
diagnosis is suspected and the serum vitamin B12 level has been measured and is in the equivocal 
low-normal range (200 to 400 pg/mL [147.6 pmol/L to 295.2 pmol/L]). 


Pernicious anemia is a specific etiology of cobalamin deficiency resulting from a deficiency in 
intrinsic factor that is caused by an antibody response directed against hydrogen-potassium 
adenosine triphosphatase (H-K-ATPase) in the membrane of parietal cells; this mechanism leads 
to parietal cell atrophy. Antiparietal cell antibodies are found in 90% of patients with pernicious 
anemia compared with 5% of the general population, and antibodies to intrinsic factor are found 
in 70% of patients with this disorder. Although antibody testing is often used to establish a 


diagnosis of pernicious anemia, the poor sensitivity and specificity of such testing hinder its 
utility. However, testing for anti—intrinsic factor antibodies may be confirmatory for pernicious 
anemia (sensitivity, 50% to 84%) in the setting of a low serum cobalamin concentration and 
megaloblastic anemia. In the past, the Schilling test was used in the diagnosis of pernicious 
anemia, but this test is seldom performed currently because it uses radioactive cobalamin and is 
unavailable in many laboratories in the United States. 


Because the anemia of cobalamin deficiency can be reversed with folate therapy, it is important 
to rule out cobalamin deficiency before treating patients with folate. Otherwise, neurologic status 
may deteriorate in such patients despite improvement in anemia. Cobalamin deficiency has 
typically been treated with parenteral replacement (1000 ug intramuscularly/mo). However, oral 
replacement of cobalamin, 1000 to 2000 ug daily, has been shown to be as effective as and less 
expensive than parenteral therapy. Oral replacement of cobalamin can be accomplished with a 
tablet or gel formulation. Patients deficient in cobalamin typically respond with a decrease in 
serum bilirubin and lactate dehydrogenase levels within days. Within 12 hours of initiation of 
therapy, improvement is shown in the megaloblastic changes of the bone marrow, and within 3 
to 5 days of start of therapy, reticulocytosis occurs. Hemoglobin levels usually normalize within 
several months of initiation of therapy in patients with cobalamin deficiency. If normalization of 
hemoglobin does not occur, an alternative diagnosis must be considered, including 
myelodysplasia or concurrent iron deficiency. 


Figure 8. Hypersegmented polymorphonuclear cell in a 
patient with pernicious anemia. 
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Figure 9. The two vitamin B-dependent enzymes, L- 
methylmalonyl-CoA mutase (left) and methionine synthase 
(right). 


Reprinted with permission from Sumner AE, Chin MM, Abrahm JL, et al. Elevated 
methylmalonic acid and total homocysteine levels show high prevalence of vitamin B12 
deficiency after gastric cancer. Ann Intern Med. 1996;124:469-476. Copyright 1996 American 
College of Physicians. 
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Folate Deficiency 


Foodborne folate is normally conjugated with glutamic acid residues. For folate to be absorbed 
in the duodenum and proximal jejunum, it must be deconjugated to a monoglutamate form to 
facilitate uptake by cells as methyltetrahydrofolate. Folate is found in greens, vegetables, and 
fruits, such as lemons, bananas, and melons. Grains in the United States are also fortified with 
folate. The recommended allowance of folate is 400 ug daily. 


Folate deficiency can occur with decreased oral intake, increased utilization, or impaired 
absorption. Because the body’s stores of folate can be depleted in weeks to months, persons 
whose diets are folate deficient become anemic within several months. Patients who abuse 
alcohol may not consume folate-rich food but also do not absorb folate well because the enzyme 
responsible for deglutamation is partially inhibited by alcohol. Excessive cooking of vegetables 
can also lead to folate deficiency due to heat destruction. Patients with celiac disease, Crohn 
disease, amyloidosis, or other diseases of the small bowel may have folate malabsorption. 
Pregnant women and patients with desquamating skin disorders such as psoriasis, sickle cell 


disease, other types of chronic hemolytic anemia, and conditions associated with rapid cell 
division and turnover also have increased folate needs. Drugs such as triamterene or phenytoin 
can accelerate folate metabolism. 


The peripheral blood smear in folate deficiency is identical to that in cobalamin deficiency and 
other megaloblastic conditions. Erythrocyte folate levels may be more reliable than serum folate 
levels in establishing folate deficiency but may also be increased in cobalamin deficiency. 
Because the serum homocysteine level is increased in patients with folate deficiency but the 
methylmalonic acid level is normal, measurement of the serum homocysteine level is a 
reasonable test for detecting folate deficiency (sensitivity ~90%; specificity, 86% to 99%). 
Overall, if the diagnosis of cobalamin deficiency is reliably excluded, a therapeutic trial of folate 
in presumed deficient patients may be the most cost-effective way of pursuing the diagnosis. 


Folate-deficient persons and pregnant women are treated with 1 to 5 mg of daily oral folate. Care 
must be taken to firmly exclude cobalamin deficiency in patients with folate deficiency because 
supplemental folate can improve the anemia of cobalamin deficiency but not the associated 
neurologic sequelae. 
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Inflammatory Anemia 


Patients with chronic inflammatory conditions, such as collagen vascular diseases, malignancy, 
or chronic infections, including tuberculosis or osteomyelitis, are frequently anemic. This 
contributed to the previous terminology for inflammatory anemia, the anemia of chronic disease. 
Patients with inflammatory anemia have decreased secretion of erythropoietin in response to 
anemia and decreased responsiveness of erythroid precursors to erythropoietin. Levels of 
inflammatory cytokines, such as tumor necrosis factor a, IL-6, IL-1, and interferon, are elevated 
and may be implicated in the altered erythropoietin responsiveness in these patients. A small 
peptide, hepcidin, has recently been identified as being principally responsible for the anemia 
occurring in inflammatory states. Hepcidin is synthesized in the liver, and levels are increased in 
response to IL-6. Hepcidin leads to decreased iron absorption from the gut and decreased release 
of iron from macrophages, two physiologic conditions occurring in inflammatory anemia. There 
is not yet a commercial test available for hepcidin measurement. 


Inflammatory anemia typically results in mild to moderate anemia, with a hemoglobin level 
usually greater than 8 g/dL (80 g/L). This type of anemia is initially normocytic and 
normochromic but can become hypochromic and microcytic over time. The reticulocyte count is 
typically low in inflammatory anemia as are the serum iron concentration and total iron-binding 
capacity, but the serum ferritin level is normal or elevated. Although generally unnecessary in 
patients with inflammatory anemia, examination of bone marrow reveals ample stainable iron. 
Table 10 lists the laboratory features of inflammatory anemia, iron deficiency, and iron 
deficiency with inflammation. Inflammatory anemia may also occur in patients with chronic 
heart failure or diabetes mellitus. Although these conditions are not typically associated with 
chronic inflammation, these patients may nonetheless have elevations in inflammatory cytokine 


levels. Some patients with inflammatory anemia have no clear underlying chronic disease and do 
not require evaluation for occult malignancy or infection. 


Inflammatory anemia usually does not require specific therapy. Importantly, iron replacement is 
not necessary in inflammatory anemia and will not lead to improvement in erythropoiesis. 
Treating the underlying inflammatory disorder in patients with inflammatory anemia can 
improve the anemia itself. When absolutely necessary, patients with inflammatory anemia who 
have symptomatic anemia and low serum erythropoietin levels may benefit from erythropoietin 
supplementation. Erythropoietin must be used with caution because of the risk of hypertension 
and thrombosis. 


Table 10. Laboratory Characteristics of Inflammatory 
Anemia, Iron Deficiency Anemia (IDA), and IDA with 
Inflammation 


Type of Anemia 
Finding Inflammatory IDA IDA with 
Anemia Inflammation 
MCV 72-100 fL <85 fL <100 fL 
MCHC <36 g/dL (360 g/L) <32 g/dL (320 <32 g/dL (320 g/L) 
g/L) 
Serum iron <60 ug/dL (10.7 <60 ug/dL (10.7 <60 ug/dL (10.6 
umol/L) umol/L) umol/L) 
TIBC <250 ug/dL (44.8  >400 ug/dL (71.6 <400 ug/dL (71.6 
umol/L) umol/L) umol/L) 
TIBC saturation 2%-20% <15% (usually <15% 
<10%) 
Ferritin >35 ng/mL (35 <15 ng/mL (15 <100 ng/mL (100 
mg/L) mg/L) mg/L) 
Serum soluble transferrin Normal Increased Increased 
receptor concentration 
Stainable iron in bone marrow Present Absent Absent 


MCV = mean corpuscular volume; MCHC = mean corpuscular hemoglobin concentration; TIBC 
= total iron-binding capacity. 
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Anemia of Kidney Disease 


Because erythropoietin is produced in the kidney, kidney disease is associated with an 
underproduction anemia caused by renal cortical loss. The anemia of kidney disease is usually 
normochromic and normocytic with a low reticulocyte count. Additionally, patients with kidney 
disease are prone to ulcer disease and angiodysplasia-induced gastrointestinal blood loss, 
resulting in a microcytic anemia. Patients with minor increases in serum creatinine levels may 
have reduced erythropoietin levels. Measurement of the serum erythropoietin level may be useful 
in confirming a diagnosis of underproduction anemia in patients with minimally elevated 
creatinine levels in whom the origin of anemia is uncertain. The peripheral blood smear in 
patients with uremia frequently shows “burr cells” or echinocytes (Figure 10). 


National groups currently recommend a target hemoglobin level of 11 to 12 g/dL (110 to 120 
g/L) for patients receiving dialysis. Recent evidence has shown an increase in morbidity and 
mortality in patients whose hemoglobin is maintained at a level higher than 12 g/dL (120 g/L). 
Most patients who receive dialysis will require supplemental erythropoietin as do many patients 
with anemia and less advanced renal disease. 


The principal side effects of erythropoietin therapy include hypertension and thrombosis of 
arteriovenous fistulas. Additionally, an increase in cardiovascular events, including stroke and 
myocardial infarction, has been associated with hemoglobin increases of more than 1 g/dL (10 
g/L) in a 2-week period. For erythropoietin to be effective, iron stores must be adequate. Current 
recommendations are to maintain a serum ferritin level of more than 100 ng/mL (100 mg/L), 
with an iron saturation of at least 20%. Patients with kidney disease have increased iron needs 
because of chronic blood loss and the need for freely available iron to achieve an adequate 
response to erythropoietin. Most patients receiving hemodialysis require intravenous iron to 
reach these target values. Although iron dextran has been used in the past as a form of parenteral 
iron, newer parenteral iron preparations, such as iron sucrose or ferric gluconate, are currently 
used instead. Although more than 95% of patients with anemia of chronic kidney disease 
respond to erythropoietin therapy, erythropoietin failure can result from folate deficiency, 
aluminum toxicity, inflammation, ongoing blood loss, or even iron overload. Patients with iron 
overload who are receiving dialysis can achieve better responses to erythropoietin if 
supplemental vitamin C is provided. 


Darbepoetin, a newer U.S. Food and Drug Administration—approved erythropoiesis-stimulating 
protein, can be used in kidney disease as an alternative to erythropoietin. Darbepoetin has the 
potential advantage that it has a longer half-life than erythropoietin. Current guidelines suggest 
initiating darbepoetin weekly, with adjustments in dosage based on erythropoietic responses. 
There are insufficient data to recommend darbepoetin instead of erythropoietin or vice versa. 


Figure 10. Uremia with echinocytes. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 
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Blood Loss 


Severe acute blood loss not only decreases the ability to deliver oxygen to tissues, but it also 
results in blood volume loss, which can lead to circulatory failure and death. Circulatory 
compromise occurs when there is a loss of more than 20% of the blood volume, and a sudden 
loss of 50% of blood volume confers a significant risk for shock and death. Blood products and 
volume replacement are discussed in the Transfusion Medicine section. 


PreviousNext 


Erythrocyte Destruction (Hemolytic Anemia) 


Hemolysis may result from congenital hemoglobin abnormalities (hemoglobinopathies or 
thalassemia), erythrocyte membrane abnormalities (hereditary spherocytosis), or abnormalities of 
the enzymes required for erythrocyte metabolism (glucose-6-phosphate dehydrogenase 
deficiency [G6PD] deficiency). It may also be acquired as an immune process or through 
infection. Regardless of the cause, hemolytic anemia is characterized by increased destruction of 
erythrocytes that is usually, but not inevitably, associated with a bone marrow response 
(reticulocytosis). Elevated levels of unconjugated bilirubin, lactate dehydrogenase, and uric acid 
and depressed levels of haptoglobin are characteristic of hemolysis. The peripheral blood smear 
can help in evaluating erythrocyte shape to elucidate the cause of the hemolytic process. Patients 
with chronic hemolysis require supplemental folate. Patients with hemolytic anemia may have a 
worsening of anemia if infected with parvovirus B19 because of the suppression of erythrocyte 
production. 
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Microangiopathic Hemolytic Anemia 


Microangiopathic hemolytic anemia is characterized by erythrocyte fragmentation that results 
from mechanical destruction by fibrin strands (see schistocytes as depicted in Figure 11). 
Thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS) are two 
common causes of microangiopathic hemolytic anemia that will be discussed below. 
Microangiopathic hemolysis also occurs in eclampsia and preeclampsia, with the presence of 
elevated liver chemistry tests representing the HELLP syndrome (defined as hemolysis with a 
microangiopathic blood smear, elevated liver enzymes, and a low platelet count). 
Microangiopathic hemolytic anemia is associated with diffuse intravascular coagulation, 
malignancy, snake envenomation, and exposure to some drugs, including ticlopidine and 
cyclosporine. This disorder may also occur in patients with mechanical heart valves, especially if 
the valve has become dysfunctional. Patients with microangiopathic hemolytic anemia or other 


forms of more pure intravascular hemolysis may become iron deficient, because the erythrocyte 

hemoglobin is excreted into the genitourinary tract as either hemoglobinuria or hemosiderinuria. 
These patients may also lack the elevated unconjugated bilirubin levels present in other forms of 
hemolysis. 


Treatment of microangiopathic hemolytic anemia is specific to the underlying disorder and may 
involve cessation of the offending drugs or initiation of plasmapheresis in the case of TTP. 


Figure 11. Schistocytes in microangiopathic hemolytic 
anemia. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 
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Autoimmune Hemolytic Anemia 


Autoimmune hemolytic anemia (AIHA) may result from drugs, lymphoproliferative disorders, 
collagen vascular diseases, or malignancy; it is also frequently idiopathic. This condition occurs 
when autoantibodies of IgG, IgM, or, rarely, IgA, bind to erythrocyte antigens (Table 11). 


The most common type of AIHA is warm antibody— mediated. In this condition, antibodies of 
the IgG class bind to Rh-type antigens on the erythrocyte surface at 37.0 °C (98.6 °F). Although 
these antibodies may fix complement, they more commonly bind to the erythrocyte surface and 
facilitate Fc-receptor—-mediated erythrocyte destruction by splenic macrophages. Patients with 
warm antibody hemolytic anemia have microspherocytes on peripheral blood smear (Figure 12) 
and an increased reticulocyte count. Warm antibodies are diagnosed by the direct antiglobulin 
test (Coombs test), which detects IgG or complement on the erythrocyte surface. However, 
results of direct antiglobulin testing in 5% to 10% of patients with warm antibody AIHA may be 
normal. In these patients, the diagnosis is based on a high degree of clinical suspicion. 


Drug-induced warm antibody hemolytic anemia is caused by the drug itself, the drug’s 
metabolites, or an interaction between the drug and the erythrocyte membrane. These reactions 
are characterized by a positive direct antiglobulin test result; however, not all positive direct 
antiglobulin test results are indicative of hemolytic anemia, with positive results reported in 
approximately 1 in 10,000 healthy blood donors. 


Warm antibody hemolytic anemia is typically treated initially with corticosteroids to decrease 
antibody production and the ability of the splenic macrophage to clear IgG- or complement- 
coated erythrocytes. The typical dosage consists of prednisone, 1 mg/kg/d, followed by a 
tapering dose. Approximately two thirds of patients with warm antibody hemolytic anemia 
respond to corticosteroids, with 20% achieving long-term remission. Splenectomy is considered 
for patients with recurrent disease or for those in whom hemolysis cannot be controlled with 
corticosteroids. This procedure results in increased hemoglobin levels in two thirds of patients 
with warm antibody hemolytic anemia, half of whom achieve a normal hemoglobin level. For 
patients unresponsive to corticosteroids and splenectomy, immunosuppressive therapy with 
chemotherapeutic agents, such as cyclophosphamide or azathioprine; the monoclonal antibody 
rituximab; danazol; and intravenous immune globulin; have been used with varying efficacy. 


Cold agglutinin disease occurs as a result of IgM binding to erythrocytes at temperatures below 
37.0 °C (98.6 °F). IgM antibodies recognize the carbohydrate I-antigen system and cause 
complement fixation, with the potential for intravascular hemolysis. In addition, Kupffer cells in 
the liver can clear complement-coated erythrocytes. The peripheral blood smear typically shows 
erythrocyte clumping and agglutination in cold agglutinin disease (Figure 13). As a result, 
spurious elevations in mean corpuscular volume and mean corpuscular hemoglobin 
concentration occur. Cold agglutinin disease does not respond to corticosteroids or splenectomy. 
Usually, the anemia in patients with cold agglutinin disease is mild. If hemolysis is severe, other 
immunosuppressive modalities, including alkylating agents such as cyclophosphamide or 
rituximab, may be helpful. Pheresis has also been suggested as a means to transiently decrease 
cold agglutinin titers, with varied responses described. 


The least common type of AIHA in adults is paroxysmal cold hemoglobinuria, which occurs 
more commonly in children than adults. This disorder usually results from viral infection or 


syphilis. The Donath-Landsteiner antibody is an IgG antibody that binds to the erythrocyte P- 
antigen at temperatures less than 37.0 °C (98.6 °F) but causes complement-mediated hemolysis 
at body temperature. Special testing using paroxysmal nocturnal hemoglobinuria erythrocytes, 
with increased complement sensitivity, is required to establish this diagnosis. Paroxysmal cold 
hemoglobinuria usually responds to corticosteroid therapy. 
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Figure 12. Microspherocytes in a patient with warm 
antibody—induced hemolysis. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 


Figure 13. Cold agglutinin disease. 


Notice the red cell agglutination on the slide, which can lead to a spuriously large mean 
corpuscular volume on automated counters. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 


Table 11. Diagnosis and Management of Type of 
Autoimmune Hemolytic Anemia 


Type of 
Anemia 


Warm 
Antibody 
Cold 
Agglutinin 
PCH 


Antibody Antigen 
IgG Rh 

IgM Li 

IgG P 


Smear Steroid 
Responsive 
Spherocytes Yes 
Agglutination No 


Agglutination Yes 


Splenectomy 
Appropriate 
Yes 
No 
No 


PCH = paroxysmal cold hemoglobinuria. 
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Hereditary Spherocytosis 


Hereditary spherocytosis, hereditary elliptocytosis, hereditary stomatocytosis, and 
pyropoikilocytosis are examples of congenital hemolytic anemias caused by abnormalities in 
erythrocyte membrane proteins. Of these conditions, hereditary spherocytosis is the most 
common, characterized by spherocytic erythrocytes (Figure 14) with increased osmotic fragility 
owing to their large volume-to-surface—area ratio. 


The clinical spectrum in patients with hereditary spherocytosis varies widely, ranging from the 
presence of no symptoms to significant hemolysis. Affected patients have splenomegaly and may 
develop leg ulcers and gallstones. Folate supplementation is important in patients with this 
disorder as it is in patients with other types of hemolysis. Splenectomy can reduce the amount of 
hemolysis occurring in hereditary spherocytosis. 


Figure 14. Spherocytes in a patient with hereditary 
spherocytosis. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 
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Other Causes of Hemolysis 


Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common enzyme 
erythrocyte defect. Various mutations in the gene coding for G6PD, carried on the X 
chromosome, have been described, including some with a severe dysfunctional G6PD enzyme 
and lifelong hemolysis. Patients with the more common G6PD mutation, found most commonly 
in blacks, functions adequately under normal conditions but may be unable to deal with 
additional oxidative stress caused by certain medications or some acute illnesses. Typically, 
patients with a G6PD deficiency present with anemia and signs of jaundice. The peripheral blood 
smear in these patients is remarkable for “bite cells,” which are characterized by eccentrically 
located hemoglobin confined to one side of the cell (Figure 15). To confirm a diagnosis of 
G6PD deficiency, it is best to check G6PD levels 2 to 3 months after the hemolytic event occurs, 
rather than checking these levels immediately following the onset of hemolysis because 
reticulocytes tend to have increased G6PD activity when compared with older cells. 


Paroxysmal nocturnal hemoglobinuria (PNH) is characterized by episodic hemolysis, bone 
marrow aplasia, and thrombosis. Erythrocytes from patients with PNH have increased 
susceptibility to complement-mediated lysis because of a lack of CD55 and CD59, two surface 
proteins that regulate the destructive effect of complement on circulating erythrocytes. Both of 
these proteins are anchored to the cell surface by glycosylphosphatidylinositol (GPI). Mutations 
in the PIGA gene, which encodes the enzyme involved in the first step of the synthesis of the 
GPI anchor, are associated with PNH. Because anemia is the major manifestation of PNH, 
corticosteroids are frequently used in these patients to reduce complement activation. More 
recently, eculizumab, a humanized monoclonal antibody to the C5 terminal complement 
component, has been shown to decrease transfusion requirements and improve the quality of life 
in patients with PNH. Thrombosis, especially in unusual locations such as the mesentery or 
portal vein, is another major problem for patients with PNH. A prospective study has suggested 
that patients with a large PNH clone (>50% PNH granulocytes) and no contraindications to 
anticoagulation have marked reduction in spontaneous thrombosis when treated with warfarin. 
Immunosuppressive therapy and bone marrow transplantation have both been used in younger 
patients with severe complications of PNH, such as aplastic anemia or unrelenting hemolysis. 


Figure 15. Bite cells in a patient with glucose-6-phosphate 
dehydrogenase (G6PD) deficiency. 


Reprinted with permision from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashi ebank 


Hemoglobin Disorders 


Thalassemia 


Hemoglobin is a tetrameric molecule encoded by genes on chromosomes 16 and 11. The two a- 
globin chains and two B-globin chains are linked to heme (iron and protoporphyrin) and 
reversibly bind one molecule of oxygen. The thalassemic syndromes result from defects in 
synthesis of the a or B chains and lead to ineffective erythropoiesis and intramedullary 
hemolysis. Patients with homozygous B-thalassemia have severe, lifelong anemia and require 
specialized care. Those with heterozygous thalassemia have milder anemia than those with 
homozygous thalassemia and may enter adult life without diagnosis. These gene defects are 
varied and include point gene mutations, unstable mRNA, gene-promoter region mutations, and 
gene deletions. These patients have splenomegaly and may develop pigment gallstones due to 
hemolysis. A low mean cellular volume and target cells on peripheral blood smear are also found 
in patients with thalassemia (Figure 16). 


a-Thalassemia is prevalent in Africa, the Mediterranean, the Middle East, and Asia. Because 
there are four genes representing the a chain, several genotypes of a-thalassemia are possible. A 
single gene deletion (— a/aa) results in a silent carrier state that is clinically normal. a- 
Thalassemia trait, characterized by the absence of two genes (— —/aa or —o/—a), leads to a 
mild microcytic anemia with a preserved or increased erythrocyte count. Because there is no 
substitution gene for an a gene, results of hemoglobin electrophoresis are normal in patients with 
the a-thalassemia trait. Hemoglobin H disease (ß4) arises from a three-gene defect (— —/— a) 
and causes severe anemia and inadequate oxygen release, leading to hypoxia, heart failure, and 
death early in life. Hydrops fetalis results from homozygous inheritance of a double gene 
deletion (— —/— —) and is associated with fetal demise occurring at 30 to 40 weeks’ gestation. 


B-Thalassemia occurs most commonly among individuals from the Mediterranean, Southeast 
Asia, India, and Pakistan. This disorder is uncommon among Africans. B- Thalassemia is caused 
by various abnormalities in the B-gene complex. Decreased B-chain synthesis leads to impaired 
production of hemoglobin A (a2) and resultant increased synthesis of hemoglobin A2 (a282) 
and/or hemoglobin F (a2y2). Thalassemia major (Cooley anemia) is caused by the near absence 
of B-chain synthesis in homozygotes or compound heterozygotes, resulting in severe B-chain 
defects (B°). These patients experience severe growth retardation unless they receive blood 
transfusions early in life, in addition to skeletal complications and iron overload from facilitated 
iron absorption in the gut. Allogeneic bone marrow transplantation is a successful therapy for 
patients with thalassemia major. Patients with B-thalassemia intermedia (B+) have at least one 
partially functional B gene. These patients have anemia but usually do not require transfusions. 
Even without transfusion, iron overload can be a problem in thalassemic patients. Administration 
of inappropriate iron therapy in the mistaken belief that microcytic anemia is caused by iron 
deficiency compounds this problem. Patients with B-thalassemia trait (wt/B+) are asymptomatic 
despite a mild microcytic anemia. 
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Figure 16. Target cells in a patient with ßB-thalassemia major. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 
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Sickle Cell Syndromes 


Hemoglobin S results from a single base substitution of the B gene. Patients homozygous for 
hemoglobin S have clinical manifestations relating to the ability of hemoglobin S to polymerize 
when deoxygenated. Patients with sickle cell trait are asymptomatic except for the presence of 
hematuria when they are dehydrated. Diagnosis of the sickle cell syndromes can be established 
by hemoglobin electrophoresis (Table 12). Most clinical findings in homozygous sickle cell 
disease (SS) are related to vasoocclusion from deformed sickled erythrocytes (Figure 17). 
Patients with vasoocclusive crisis present with severe pain in the arms, legs, chest, abdomen, and 
back and are managed with hydration, supplemental oxygen in the setting of hypoxia, and opiate 
analgesics. Complications of sickle cell anemia are listed in Table 13. 


Meperidine is to be avoided in patients with sickle cell disease because it leads to the toxic 
buildup of the metabolite, normeperidine, which can lead to seizures. This mechanism is due in 
part to decreased renal clearance of normeperidine in patients with sickle cell disease. Some 
patients with SS have a chronic pain syndrome that can be managed with long-acting opiate 
analgesics. 


Patients with sickle cell disease are at increased risk for stroke. Acute stroke is managed with 
erythrocyte exchange to reduce the percentage of hemoglobin S to less than 30%, with a target 
hemoglobin concentration of 10 g/dL (100 g/L). Patients with a history of stroke have a high 
incidence of recurrent stroke, which can be reduced with monthly simple blood transfusions. 
However, monthly transfusions may be complicated by iron overload, alloimmunization, and 
issues of compliance. 


Sickle chest syndrome is characterized by hypoxia, pulmonary infiltrates on chest radiograph, 
pain, and dyspnea in a patient with a sickling disorder. Acute chest syndrome may be caused by 
infection, in situ thrombosis, fat emboli, or a combination of these events. Management of 
patients with acute chest syndrome includes exchange transfusion to decrease the percentage of 
hemoglobin S. In addition, antibiotics, supplemental oxygen, and intravenous hydration may be 
necessary as clinically indicated. Incentive spirometry may be useful in patients with sickle cell 
crisis to prevent the sickle chest syndrome. 


Pulmonary hypertension has been described as a major cause of morbidity and mortality in 
patients with SS. These patients present with signs and symptoms of right heart failure. There is 
no consensus as to the proper management of patients with sickle cell disease and pulmonary 
hypertension, other than to treat the resultant heart failure. 


Severe anemia from aplastic crisis in a patient with SS is usually caused by infection with 
parvovirus B19. This virus is usually a self-limited infection in patients with normal immune 
function, lasting several days. The classic symptoms of parvovirus B19 infection include rash or 
arthralgia, occurring in 25% of infected patients. Half of patients with this infection have 
nonspecific flu-like symptoms, whereas one quarter of patients are asymptomatic during 
infection. 


Because of the long erythrocyte life span in healthy persons (120 days), anemia is not typical of 
patients with parvovirus B19 infection. However, owing to the shortened erythrocyte life span in 
patients with hemolytic disorders, anemia in such patients can be profound and may require 
transfusion support. In patients with sickle cell disease who are not taking supplemental folate 
therapeutic regimens, severe anemia may also result from folate deficiency. 


Nearly a decade ago, hydroxyurea was shown to decrease the number of painful crises in sickle 
cell disease by increasing levels of fetal hemoglobin. More recently, hydroxyurea also has been 
shown to improve mortality in patients with SS. Hydroxyurea therapy at 35 mg/kg/d may also 
help to prevent stroke in patients who are not candidates for monthly erythrocyte transfusions. 
Hydroxyurea is generally well tolerated, but care should be used in women of childbearing age 
owing to its potential teratogenicity. However, its role in preventing pulmonary hypertension is 
unclear. 


Patients with sickle cell disease need routine medical follow up plus annual influenza 
vaccinations, periodic pneumococcal vaccines, and annual eye examinations. Although 
guidelines have not been firmly established, it is not unreasonable to also vaccinate these patients 
against other encapsulated organisms, including Haemophilus influenzae and Neisseria 
meningitidis. 


Erythrocyte transfusions must be given with care in patients with sickle cell disease. These 
transfusions are associated with iron overload; in some patients, “hyperhemolysis” occurs due to 
alloimmune responses to erythrocyte antigens, which leads to a delayed transfusion reaction 
characterized by hyperbilirubinemia and anemia. Patients typically present with jaundice and 
signs and symptoms of anemia. In addition, erythrocyte transfusions that result in a hemoglobin 
level of 10 g/dL (100 g/L) can increase blood viscosity and potentially cause thrombotic 
complications. If needed, transfused blood should be sickle-trait negative and does not need to be 
irradiated. 


In addition to homozygosity for hemoglobin S, patients with sickle cell disease may possess 
compound heterozygosity for hemoglobin C, hemoglobin E, or the thalassemias. In general, 
these patients have less-severe disease than patients who are homozygous for hemoglobin S. 
However, patients with hemoglobin SC disease have greater ophthalmologic and orthopedic 
complications, including avascular necrosis of the hip, than patients with SS. 
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Figure 17. Sickled erythrocytes. 


Reprinted with permission from the ASH Image Bank. Copyright 2009 American Society of 
Hematology; www.ashimagebank.org. 


Table 12. Hemoglobin Electrophoresis Patterns For Various 
Sickle Cell Hemoglobinopathies 


Disease A (%) A2 (%) F (%) S (%) MCV 
Normal >97 <3.5 0 0 >80 fL 
Strait >50 <3.5 0 <50 >80fL 
SS 0 <3.5 <10 >90 >80fL 
SB+thal 10-30 >3.5 <20 >60 <75 fL 
SB°thal 0 >3.5 <20 >80 <80fL 
SSathal 0 <3.5 <10 >90 <75fL 
SC 0 50° <5 50 #£<80fL 


MCV = mean corpuscular volume. 


“Hemoglobin C runs as Hemoglobin A2 on alkaline electrophoresis gel. 


Table 13. Major Complications of Sickle Cell Anemia 


Complication Notes 


Acute chest syndrome (ACS) ACS correlates with risk of pulmonary hypertension and is the 
vs. pneumonia, fat embolism, most frequent cause of death. Associated with chlamydia, 
VTE (venous mycoplasma, respiratory syncytial virus, coagulase-positive S. 
thromboembolism) aureus, S. pneumoniae, Mycoplasma hominis, parvovirus, and 
rhinovirus infections (in decreasing order of frequency). 


Pneumonia is usually a localized infiltration, whereas ACS is 
usually characterized by diffuse pulmonary infiltrates. Cultures of 
bronchial washings or deep sputum are usually positive in 
pneumonia. 


Fat embolism presents with chest pain, fever, dyspnea, hypoxia, 
thrombocytopenia, and multiorgan failure. Fat embolism is also a 
component of the ACS, and it is usually associated with acute 
painful episodes. It is best differentiated by the presence of fat 
bodies in bronchial washings or in deep sputum and by 
multiorgan involvement (e.g., stroke, renal failure). 


Avascular necrosis 


Cerebrovascular accidents 


Cholecystitis vs. hepatic crisis 


Dactylitis vs. osteomyelitis 


Heart failure 
Infection 
Leg ulcers 
Liver disease 


Presence of lower extremity thrombophlebitis may differentiate 
VTE from ACS, but in some cases pulmonary arteriography may 
be needed. Newer contrast agents may be safer than hypertonic 
contrast agents, which precipitate intravascular sickling. 


Involving hips and shoulders; may require surgery. More 
common in sickle-a-thalassemia than in other sickle cell 
syndromes. 


Occurs in 8%-17% of patients. Infarction is most common in 
children and hemorrhage is most common in adults. Brain 
imaging and lumbar puncture establish the diagnosis. 

Chronic hemolysis may result in gallstones and acute 
cholecystitis. Fever, right upper quadrant pain and elevated 
aminotransferase levels may also be due to sickle cell—related 
ischemic hepatic crisis; abdominal ultrasonography can help 
differentiate. 

A painful, usually symmetrical, swelling of hands or feet, 
erythema, and low-grade fever. More common in children before 
age 5. Osteomyelitis usually involves one bone. 

Related to pulmonary and systemic hypertension and ischemia. 
Related to functional asplenia. 

Most common in HbS disease. 

Viral hepatitis and/or iron overload from transfusions and 
ischemic—induced hepatic crisis. 


Pain syndrome vs. myocardial Sickle pain crisis involving the chest may suggest acute MI. The 


infarction (MI), appendicitis 


Priapism 
Proteinuria and renal failure 


Pulmonary hypertension 
Retinopathy 


Sickle anemia vs. aplastic 
crisis, hyperhemolysis 


quality of pain of MI (central pressure) is different from that of 
sickle cell pain (sharp, pleuritic). Serial determination of cardiac 
enzymes will differentiate the two. 


Abdominal pain, fever, and leukocytosis may suggest 
appendicitis. A high level of lactate dehydrogenase and normal 
bowel sounds support sickle cell pain syndrome. 


Prolonged or repeated episodes may cause impotence. 


Prevalence of proteinuria and renal failure is approximately 25% 
and 5%, respectively. 


Risk of development correlates with increasing age and history of 
acute chest syndrome. 


More common in patients with compound heterozygosity for 
HbSC. 


Anemia that decreases by >2 g/dL during a painful crisis could be 
due to aplastic crisis or hyperhemolysis. Aplastic crisis could be 
due to coexistent infection (e.g., parvovirus B19), cytotoxic 
drugs, or could be idiopathic. Hyperhemolysis could be due to 
infection (i.e., mycoplasma), transfusion reaction, or coexistent 


glucose-6-phosphate dehydrogenase deficiency. The reticulocyte 
count is decreased with aplastic crisis and increased with 
hyperhemolysis. Bilirubin, lactic dehydrogenase, and 
aminotransferase levels are elevated in hyperhemolysis. 
Splenomegaly and splenic Common in children <5 years who afterwards manifest asplenia 
sequestration from splenic infarction. Patients with HbSC often have 
splenomegaly persisting into adulthood. 


HbS = hemoglobin S; HbSC = hemoglobin SC. 


Reprinted with permission from Physicians’ Information and Educational Resource (PIER). 
American College of Physicians. Hematology module. Copyright 2007, American College of 
Physicians. 
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Iron Overload Syndromes 


e Hemochromatosis 
e Secondary Iron Overload 
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Hemochromatosis 


Hemochromatosis is a genetic disease characterized by increased absorption of iron from the gut. 
It is an autosomal-recessive disease occurring in 1 of 200 persons of Northern European descent. 
The major gene responsible for most inherited cases of hemochromatosis, HFE, has been cloned. 
The HFE protein interacts with the transferrin receptor, bone morphogenic protein, and other 
proteins to modulate hepcidin production, which regulates the amount of iron absorbed from the 
gut. A G—A mutation in HFE at nucleotide 845, leading to a substitution of tyrosine for cysteine 
at residue 282 (C282Y); and a GC mutation at nucleotide 187, leading to a substitution of 
aspartic acid for histidine at residue 63 (H63D), are the two most common mutations associated 
with hemochromatosis. 


Ninety percent of patients with clinical hemochromatosis are homozygous for C282Y. In 
contrast, evidence of iron overload develops in few patients who are heterozygous for C282Y. 
Some patients who are homozygous for H63D develop clinical iron overload, and those with 
compound heterozygosity for C282Y and H63D develop mild iron overload. Other iron-related 
genes, including those for hepcidin, ferroportin, transferrin receptor 2, and hemojuvelin, may 
influence the penetrance of hemochromatosis. 


Clinically, hemochromatosis is associated with skin bronzing, hepatomegaly, liver failure, heart 
failure, and iron overload—induced diabetes mellitus. Early signs and symptoms, including 
myalgia and arthralgia, chronic fatigue, abdominal pain, and mild elevation of liver enzymes, 
should prompt evaluation for hemochromatosis. Typically, early hemochromatosis is 
characterized by a mild elevation in aminotransferase levels. Therefore, hemochromatosis should 
be considered in patients with a family history of cirrhosis and aminotransferase elevations. In 
addition to liver failure, cirrhosis from iron overload carries a significant risk for hepatocellular 
carcinoma. Patients with untreated hemochromatosis may also die of heart failure—related 
complications. Arthropathy, most commonly affecting the wrists and metacarpal joints, may also 


occur (see MKSAP 15 Rheumatology). 


The initial step in the evaluation of patients in whom hemochromatosis is suspected is 
measurement of serum transferrin saturation, the most sensitive measure for detecting this 
disease. Levels higher than 60% for men and 50% for women increase the clinical suspicion for 
this disease. Serum ferritin levels are a surrogate for tissue iron stores, and values greater than 
1000 ng/mL (1000 mg/L) are suggestive of iron overload in the absence of inflammation. 
Establishing a definitive diagnosis of iron overload requires liver biopsy to obtain quantitative 
iron measurements. Newer technologies, such as MRI and superconductive quantum interference 
device (SQUID) measurements, are being investigated as techniques less invasive than liver 
biopsy in the diagnosis of iron overload. Genetic testing may be useful to confirm the diagnosis 
of hemochromatosis and for family screening. The role of population-based screening for 
hemochromatosis remains unclear. In 2005, the American College of Physicians published 
guidelines for hemochromatosis screening (www.acponline.org/clinical/guidelines). These 
guidelines are summarized as follows: 


1. There is insufficient evidence to recommend for or against screening for hereditary 
hemochromatosis in the general population. 

2. In case-finding for hereditary hemochromatosis, serum ferritin and transferrin saturation 
tests should be performed. 

3. Physicians should discuss the risks, benefits, and limitations of genetic testing in patients 
with a positive family history of hereditary hemochromatosis or those with an elevated 
serum ferritin or transferrin saturation level. 
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Secondary Iron Overload 


Initial treatment of patients with hemochromatosis consists of phlebotomy to remove excess iron. 
Each unit of blood contains 200 to 250 milligrams of iron. Phlebotomy can initially be performed 
weekly or twice weekly and should continue until serum ferritin levels are less than 50 ng/mL 
(50 mg/ L). Phlebotomy in patients with hemochromatosis who have not yet developed 
cardiomyopathy or cirrhosis will prevent these complications. Conversely, this therapy is much 
less effective when performed after end organ damage has occurred. 


Secondary iron overload occurs in heavily transfused patients and, occasionally, in patients with 
thalassemia in the absence of transfusion. Management of these patients is difficult because iron 
overload typically occurs in the setting of anemia. Deferoxamine is a parenteral iron chelator that 
is administered by nightly continuous infusion (25 to 50 mg/kg). Recently, deferasirox, an oral 
iron chelator, has become available for the treatment of secondary iron overload. Deferasirox is 
generally well tolerated. Serious, but rare, side effects include renal failure and agranulocytosis. 
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Erythrocytosis 


Erythrocytosis may be induced by polycythemia vera, discussed elsewhere (see Hematopoietic 
Stem Cells and Their Disorders), in addition to other causes (Table 14). In the past, 
determination of the red blood cell mass has been recommended in the diagnosis of 
polycythemia vera. This test is difficult to obtain, expensive to perform, and inaccurate in 
inexperienced hands. An appropriate first step in establishing the cause of erythrocytosis is to 
measure the serum erythropoietin level. 


Erythropoietin is regulated at the level of transcription by hypoxic induction factor-1a (HIF-1a). 
HIF-1a is normally degraded in the proteosome through its interaction with the von Hippel- 
Lindau (VHL) protein. Erythropoietin levels may be elevated in patients with renal tumors that 
produce mutated VHL proteins, which are unable to bind to HIF-1o and result in HIF-la 
degradation. Less commonly, erythropoietin may be elevated in patients with renovascular 
disease, polycystic kidney disease, or other renal disease and will be suppressed in polycythemia 
vera. 


Polycythemia vera is the likely diagnosis in patients with erythrocytosis and an erythropoietin 
level of less than 5 mU/mL (5 U/L), leukocytosis, thrombocytosis, and splenomegaly. Although 
the presence of the JAK2 mutation would further corroborate the diagnosis, testing for this 
mutation is expensive and of uncertain value if the diagnosis is already established. If the 
erythropoietin level is low, no JAK2 mutation is identified, and a family history of erythrocytosis 
exists, a mutation in the erythropoietin receptor that renders it constitutively active may be 
present. In contrast, in patients in whom the erythropoietin level is greater than 5 mU/mL (5 U/L) 
decreased arterial pulse oxygen saturation should lead to a presumptive diagnosis of cardiac or 
pulmonary disease. Some patients with chronic pulmonary conditions such as sleep apnea may 
have intermittent oxygen desaturation that is significant enough to prompt erythrocytosis. 
Otherwise, erythropoietin-producing tumors, or a high-affinity hemoglobinopathy, should be 
suspected, the latter of which is likely to occur in young, otherwise-healthy patients with 
erythrocytosis. At least half of these hemoglobin mutations have a normal electrical charge and, 
therefore, are represented by normal results on hemoglobin electrophoresis. Of particular note is 
erythrocytosis occurring after renal transplantation, which is believed to be secondary to 
increased erythroid sensitivity to angiotensin II and increased production of erythropoietin in the 
native kidney. Postrenal transplant erythrocytosis usually responds to angiotensin-converting 
enzyme inhibitor therapy. Mild erythrocytosis has been described in the setting of reduced 
plasma volume. “Relative” erythrocytosis occurs in patients who typically are obese, 


hypertensive, and smoke cigarettes. Whether such erythrocytosis is related to tobacco smoke— 
induced elevations in carboxyhemoglobin levels, which leads to increased hemoglobin oxygen 
avidity, is uncertain. 


Patients with erythrocytosis caused by ectopic erythropoietin production, like patients with 
polycythemia vera, should undergo phlebotomy, with a target hemoglobin concentration of 15 
g/dL (150 g/L), in preparation for definitive treatment to eliminate the cause of excess 
erythropoietin, or as maintenance therapy if no other treatment is feasible. Deciding whether to 
perform phlebotomy is more complicated in patients with secondary erythrocytosis caused by 
hypoxic pulmonary disease or cyanotic heart disease, but this procedure should only be 
performed in patients whose hemoglobin level is significantly elevated (>18 g/dL [180 g/L]) and 
in those with heart failure and volume overload. Patients with erythrocytosis caused by an 
oxygen-avid hemoglobinopathy or with erythrocytosis who live at high altitude do not seem to 
have any adverse risk and require no treatment. 


Table 14. Causes of Secondary Erythrocytosis 


Cause Symptoms or Findings 
Gaisbock syndrome Hypertension, plethora, decreased plasma volume 
Tumors Pheochromocytoma, hepatic, uterine leiomyoma, cerebellar 
hemangiomas, kidney 
High altitude Relative hypoxia 
Pulmonary and cardiac Relative hypoxia 
disease 
Mutant high-affinity Shift in oxygen saturation curve 
hemoglobin 
Congenital polycythemia VHL mutations 
von Hippel-Lindau VHL mutations 
syndrome 


Post renal transplantation Increased angiotensin II concentration 


VHL = von Hippel-Lindau syndrome. 
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Transfusion Medicine 


e Antigens and Alloimmunization in Blood Transfusion 
e Blood Products 


e Adverse Transfusion-related Events 


e Massive Transfusion 
e Strategies to Minimize Allogeneic Transfusions 


Key Points 


e Alloimmunization (the development of antibodies to foreign erythrocyte antigens) is 
common in transfused patients. 

e Rh-positive patients can safely receive Rh(D)-positive or Rh(D)—negative blood, but Rh- 
negative patients must receive Rh(D)—negative blood to avoid alloimmunization. 

e Compatibility testing may be deferred by using group O erythrocytes and group AB 
plasma for patients with emergent massive bleeding, and “incompatible” blood may be 
life-saving when transfused in patients with autoimmune hemolysis and severe anemia. 

e Erythrocyte transfusion is rarely needed for patients with a hemoglobin level above 10 
g/dL (100 g/L). 

e The need for erythrocyte transfusion should be individualized for patients with a 
hemoglobin level of 8 to 10 g/dL (80 to 100 g/L) because the risk of organ ischemia is 
low in these patients. 

e Platelet transfusion is seldom needed for surgical patients with a platelet count greater 
than 50,000/uL (50 x 10°/L). 

e Erythrocyte alloantibodies (other than ABO antibodies) may cause a delayed hemolytic 
reaction that typically occurs 7 to 14 days after transfusion. 

e Bacterial contamination of donor platelets is the most common cause of transfusion- 
related sepsis. 

e Ifa patient develops a fever during a transfusion, the transfusion must be stopped until a 
hemolytic reaction can be ruled out. 

e Fatal transfusion-associated graft-versus-host disease is prevented by gamma irradiation 
of cellular blood components. 

e Transfusion of 8 to 10 units of blood within a 24-hour period may result in a dilutional 
coagulopathy that is often exacerbated by hypotension, hypothermia, and acidosis. 

e Inpatients with chronic kidney disease, the hemoglobin level should be maintained at no 
higher than 11 to 12 g/dL (110 to 120 g/L) to reduce the incidence of cardiovascular 
events. 

e Plasma exchange is used for patients with acute and chronic inflammatory demyelinating 
polyneuropathy, myasthenia gravis, Goodpasture syndrome, cryoglobulinemia, 
hyperviscosity, and thrombotic thrombocytopenic purpura. 
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Antigens and Alloimmunization in Blood Transfusion 


More than 20 blood group systems have been identified to date. The most important groups in 
determining transfusion compatibility are the ABO group and the Rh group. ABO antibodies 
develop after infancy and are mostly IgM, which binds complement and may lead to 
intravascular hemolysis. An individual’s erythrocytes express A antigen only (group A), B 
antigen only (group B), neither antigen (group O), or both A and B antigens (group AB). An 


individual’s plasma contains antibodies against the A or B antigen that are not present on his/her 
erythrocytes. Rh antigens are transmembrane proteins that are present on erythrocytes. One of 
these antigens, the Rh(D) antigen, is highly immunogenic and induces IgG anti-D antibody 
formation in most Rh(D)-negative individuals exposed either from pregnancy or the transfusion 
of Rh(D)-positive erythrocytes. 


Alloimmunization (the development of antibodies to foreign erythrocyte antigens) develops in 
about 10% of transfused patients. The frequency of alloimmunization increases with the number 
of units transfused. The prevalence may be as high as 30% to 40% in patients who require 
chronic transfusions. The consequences of alloimmunization range from a delay in finding 
compatible blood for transfusion to development of delayed hemolytic transfusion reactions. 
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Transfusion Compatibility 


Pretransfusion compatibility testing begins with typing (ABO/Rh determination) and screening 
(detection of non-ABO antibodies). If an erythrocyte transfusion is needed, the crossmatch can 
be done quickly by using the patient’s serum or plasma and a representative sample from an 
ABO/Rh-compatible donor unit. Verification of patient identity at the bedside prior to 
administration is a critical final step in safe transfusion. 


If a patient needs an emergency transfusion, group O erythrocyte units and group AB plasma 
units are used until the ABO/Rh type can be determined. Group O erythrocytes can be transfused 
to anyone, because there are no A or B antigens on these cells to react with anti-A or anti-B 
hemagglutinins. Similarly, group AB plasma can be transfused to anyone because it contains no 
hemagglutinins to react with A or B antigens. Rh-positive patients can safely receive either 
Rh(D)-positive or Rh(D)-negative blood, but Rh-negative patients must receive Rh(D)-negative 
blood to avoid allotmmunization. This is especially a concern for women of childbearing 
potential in order to prevent formation of anti-D antibodies, leading to severe hemolytic disease 
of the newborn. 


Platelets are generally transfused without regard to ABO compatibility, but, rarely, 
hemagglutinins in platelet-rich plasma may cause self-limited hemolysis. Because Rh-negative 
platelets are in short supply, Rh immunoprophylaxis should be considered in Rh-negative 
women of childbearing age who are transfused with Rh-positive platelets if the platelets contain 
more than 2 mL of donor erythrocytes. Certain patients have a higher risk for alloimmunization. 
Patients with sickle cell disease can form multiple alloantibodies. Providing donor units that are 
matched for the patient’s Rh and other blood group antigens helps to prevent alloimmunization. 
Patients with warm autoimmune hemolytic anemia often have positive crossmatches because the 
autoantibody reacts with both the donor’s and the patient’s erythrocytes. “Incompatible” 
transfusion for these patients can provide critically needed oxygen-carrying capacity until 
medical therapy becomes effective or splenectomy is performed. 
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Blood Products 


Erythrocytes, platelets, plasma, and cryoprecipitate may be transfused. Before being transfused, 
donor erythrocytes and platelets can be modified to make the blood safer for the recipient. 
Leukoreduction involves removal of greater than 99% of leukocytes by filtration or platelet 
apheresis to reduce the incidence of febrile reactions, cytomegalovirus transmission, and HLA 
alloimmunization. Irradiation is required to prevent transfusion-associated graft-versus-host 
disease, and washing removes plasma and is useful when transfusing patients who have recurrent 
allergic reactions. 


Transfusion of one unit of packed erythrocytes should raise the hemoglobin level by 1 g/dL (10 
g/L) in a non-bleeding average-sized adult. Transfusion is rarely needed for patients with a 
hemoglobin level above 10 g/dL (100 g/L). In a randomized controlled study of threshold 
hemoglobin levels in patients in intensive care units, patients who did not have acute bleeding or 
coronary ischemia did as well after transfusion at a threshold hemoglobin level of 7 g/dL (70 
g/L) as those transfused at a threshold level of 10 g/dL (100 g/L). Patients with a hemoglobin 
level of 8 to 10 g/dL (80 to 100 g/L) who do not have active coronary ischemia generally tolerate 
anemia, and the decision to transfuse these patients should be individualized. 


Platelets can be obtained from a whole blood donation or collected by apheresis. Randomized 
studies of patients with cancer have shown that a prophylactic transfusion for a platelet threshold 
count of 10,000/uL (10 x 10°/L) is as safe as a count of 20,000/uL (20 x 10°/L) if the patient is 
not febrile or bleeding. A platelet count of 50,000/uL (50 x 10°/L) is generally considered 
adequate for patients undergoing most surgical procedures, although a count of 100,000/uL (100 
x 10°/L) is recommended for those who require central nervous system surgery. A bag of 
apheresis platelets provides a platelet dose that is equivalent to four to six units of platelet 
concentrate and raises the platelet count of an average-sized adult by 20,000 to 25,000/uL (20 to 
25 x 10°/L). An inadequate platelet increment after platelet transfusion may point to conditions 
that cause increased platelet consumption, such as fever and sepsis, or may indicate the 
development of antibodies to antigens expressed on platelets. 


Plasma should be transfused only to replace coagulation factor proteins. Common indications for 
plasma transfusion include warfarin reversal in anticoagulated patients with serious or life- 
threatening bleeding and correction of dilutional coagulopathy in patients requiring massive 
transfusion. 


Cryoprecipitate is a fraction of plasma that contains mostly fibrinogen. For adult patients who 
require fibrinogen replacement (usually patients with disseminated intravascular coagulation), 8 
to 10 units of cryoprecipitate obtained from multiple donors are pooled to obtain an effective 
dose. Although cryoprecipitate contains von Willebrand factor and factor VIII, patients who need 
replacement of these factors should receive specific factor concentrates if at all possible. 
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Adverse Transfusion-related Events 


Acute and Delayed Hemolytic Transfusion Reactions 
Transfusion-related Acute Lung Injury 

Sepsis 

Febrile Nonhemolytic Transfusion Reactions 


Allergic Reactions and Anaphylaxis 
Transfusion-associated Graft-Versus-Host Disease 
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Acute and Delayed Hemolytic Transfusion Reactions 


The incidence of acute hemolytic transfusion reactions (within 24 hours of transfusion) is about 
1/18,000 units transfused, and the mortality rate is approximately 1/600,000 units transfused. The 
leading cause of fatal transfusion reactions is inadvertent transfusion of ABO-incompatible 
erythrocytes, which is almost always due to a breakdown in safeguard systems rather than to an 
incompatible antibody that was not detected during laboratory testing. In an acute reaction, 
complement activation and cytokine generation cause hypotension, renal failure, and 
disseminated intravascular coagulation. Supportive treatment includes intravenous hydration and 
inotropic support as needed. 


The incidence of delayed hemolytic transfusion reactions (within 7 to 14 days of transfusion) is 
about 1/5000 units transfused. A delayed reaction is characterized by fever, jaundice, and an 
unexplained decrease in the hemoglobin level. Results of laboratory studies are consistent with 
hemolysis. A delayed hemolytic transfusion reaction can mimic a sickle cell crisis in patients 
with sickle cell disease. The reaction is generally self-limited, but the identification of the 
implicated alloantibody is important to avoid future reactions. 


PreviousNext 


Transfusion-related Acute Lung Injury 


Transfusion-related acute lung injury (TRALI) is characterized by dyspnea, hypoxemia, and 
diffuse pulmonary infiltrates on chest radiographs that occur within 6 hours of transfusion in the 
absence of circulatory overload. The incidence is approximately 1/5000 units transfused, and the 
mortality rate is approximately 5%. Plasma is the blood component that is most often implicated 
in TRALI. Donor leukocyte antibodies bind to the corresponding antigens on recipient 
neutrophils, which then sequester in the lungs. This binding process can take several weeks, and 
the diagnosis of TRALI is therefore usually made on clinical grounds. 


TRALI must be differentiated from acute respiratory distress syndrome (ARDS) and circulatory 
overload. Although the clinical features of TRALI are consistent with features of ARDS, 


recovery occurs more quickly in patients with TRALI than those with ARDS. Differentiating 
between TRALI and transfusion-associated circulatory overload can sometimes be difficult. 
However, a serum B-natriuretic peptide level was useful in one study as a diagnostic marker of 
circulatory overload. Patients at the extremes of age are particularly at risk for circulatory 
overload; diuretic treatment is indicated if this complication is suspected. Patients with TRALI 
generally recover after 3 or 4 days of ventilatory support. 
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Sepsis 


Platelets, which are stored at room temperature, are especially susceptible to bacterial 
contamination from inadequate donor skin disinfection or unrecognized donor bacteremia. 
Screening for bacterial contamination of platelets has been standard practice in the United States 
since 2004. If bacterial contamination is suspected, both the patient’s blood and the implicated 
component should be cultured. Erythrocyte units may rarely be contaminated with gram-negative 
bacteria such as Yersinia species. These bacteria may be present in very dilute concentration in 
the blood of asymptomatic donors but can readily proliferate in an iron-rich medium at cold 
temperatures and result in transfusion-related sepsis. 
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Febrile Nonhemolytic Transfusion Reactions 


Fever during or immediately after a transfusion occurs in 0.3% of transfusions and can be the 
only sign of a hemolytic transfusion reaction. Therefore, if a patient becomes febrile during a 
transfusion, the transfusion must be stopped until a hemolytic reaction can be ruled out. If 
hemolysis is excluded, the most likely cause is the presence of donor leukocytes or cytokines in 
donor plasma. The treatment consists of antipyretics and consideration of leukoreduced 
components for future transfusions. 
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Allergic Reactions and Anaphylaxis 


Allergic reactions occur in 1% of transfusions and range from the appearance of limited wheals 
to the development of diffuse urticaria with or without bronchospasm. Mild allergic reactions 
typically develop when patients receive plasma-rich blood components and generally do not 
recur during subsequent transfusions. Giving an antihistamine before a transfusion is reasonable 
for patients who have already had one or two mild allergic reactions. Patients with multiple 
recurrent allergic reactions should be transfused with washed erythrocytes or platelets, although 
washing reduces the effectiveness of platelet transfusions. 


Anaphylaxis after transfusion occurs in 1/50,000 transfusions and is often attributable to IgA 
deficiency in the recipient. If anti-[gA antibody is present in the context of severe IgA deficiency 
in a patient requiring a transfusion, using blood components from IgA-deficient donors may 
prevent anaphylaxis. 
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Transfusion-associated Graft-Versus-Host Disease 


Transfusion-associated graft-versus-host disease (GVHD) is a rare but fatal complication in 
which donor lymphocytes in erythrocytes or platelets engraft in an immunocompromised 
recipient and cause reactions that affect the bone marrow, skin, liver, and gastrointestinal tract. 
At-risk patients include those undergoing chemotherapy, recipients of blood components from 
first-degree relatives, and premature infants. Transfusion-associated GVHD is prevented by 
gamma irradiation of cellular blood components in at-risk populations. Immunodeficient patients 
require irradiated cellular blood components indefinitely whenever transfusions are needed. 
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Massive Transfusion 


Massive transfusion consists of one total blood volume, which is equivalent to 8 to 10 units of 
blood, within a 24-hour period. Massive transfusion is required in trauma, ruptured aortic 
aneurysm, and severe gastrointestinal bleeding. When whole blood is lost and replaced with 
crystalloid and packed erythrocytes, a dilutional coagulopathy may develop that is often 
exacerbated by hypotension, hypothermia, and acidosis. The platelet count, prothrombin time, 
and activated partial thromboplastin time should be monitored in patients receiving massive 
transfusion, and additional transfusions of platelets or fresh frozen plasma should be given if 
bleeding persists and coagulopathy is documented. As patients are resuscitated, they need to be 
monitored for electrolyte disturbances such as hypocalcemia, hyperkalemia, or hypokalemia, and 
metabolic alkalosis. 
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Strategies to Minimize Allogeneic Transfusions 


Donor Screening 
Recombinant Erythropoietin 
Autologous Blood Transfusion 
Therapeutic Apheresis 
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Donor Screening 


Allogeneic blood donors in the United States undergo screening to provide a history of any high- 
risk behaviors and to test for transfusion-transmissible diseases. Testing is done for hepatitis B 
and C, HIV infection, human T-lymphotropic virus (HTLV) infection, West Nile virus infection, 
and syphilis. The estimated risk for viral disease transmission is | in 2 million transfusion units 
for HIV, 1 in 1.5 million units for hepatitis C, and 1 in 100,000 units for hepatitis B. Donor 
testing for Trypanosoma cruzi (the protozoan causing Chagas disease) has also recently become 
available. 


PreviousNext 


Recombinant Erythropoietin 


The use of recombinant erythropoietin for patients with chronic renal failure who require dialysis 
has virtually eliminated the need for transfusion in these patients. Erythropoietin may also be 
used to treat patients in earlier stages of chronic kidney disease, who typically have less severe 
anemia. A recent study showed that the hemoglobin level in these patients should be maintained 
at no higher than 11 to 12 g/dL (110 to 120 g/L). 


Recombinant erythropoietin has also reduced the need for transfusion in cancer patients 
undergoing chemotherapy. However, several recent randomized clinical trials have reported that 
patients with head and neck cancer and metastatic breast cancer who received erythropoietin had 
decreased survival compared with controls. 
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Autologous Blood Transfusion 


The need for allogeneic blood transfusions in patients undergoing elective surgery can be 
minimized by optimizing preoperative hemoglobin levels and using autologous blood donations. 
Achieving optimal hemoglobin levels should be part of an overall strategy to minimize the need 
for allogeneic transfusion. Preoperative autologous blood donation has been used for many years 
to reduce the risks associated with allogeneic transfusion. However, clerical errors, volume 
overload, and bacterial contamination may still occur. In addition, patients who donate 
autologous blood have an increased risk of developing perioperative anemia and an increased 
need for additional blood transfusions. 
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Therapeutic Apheresis 


Therapeutic apheresis is a continuous-flow process that separates whole blood into its 
components, removes abnormal components, and administers an appropriate replacement fluid. 
Plasma exchange is the most common therapeutic apheresis procedure in which plasma 
containing abnormal proteins and antibodies is removed and replaced with albumin solution or 
fresh frozen plasma. Plasma exchange is considered standard therapy for patients with acute and 
chronic inflammatory demyelinating polyneuropathy, myasthenia gravis, Goodpasture syndrome, 
cryoglobulinemia, hyperviscosity in patients with monoclonal gammopathies, and thrombotic 
thrombocytopenic purpura. 


Adverse events associated with therapeutic apheresis are uncommon and are generally due to 
bleeding or infection from central venous access catheters or hypocalcemia from the use of 
citrate anticoagulant in the extracorporeal circuit. Using plasma as the replacement fluid, such as 
for treatment of thrombotic thrombocytopenic purpura, confers the additional risks associated 
with plasma transfusion, such as allergic reactions and transfusion-related acute lung injury. 
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Hemostasis Disorders 


e Normal Hemostasis 
e Approach to the Bleeding Patient 


e Diagnosis and Management of Bleeding Disorders 


Key Points 


e The control of bleeding by coagulation and vasoconstriction involves an interplay 
between the vascular system, platelets, and coagulation proteins. 

e Platelets are assessed quantitatively by a direct platelet count; platelet function is 
determined by a platelet aggregation assay or a bleeding time. 

e If results of either the prothrombin time or the activated partial thromboplastin time are 
abnormal, a mixing study can detect either a factor deficiency or the presence of an 
inhibitor. 

e Factor VIII and factor IX deficiencies are the two most common inherited coagulation 
factor deficiencies. 

e Liver disease, vitamin K deficiency, and disseminated intravascular coagulation are the 
three most common acquired coagulation factor deficiencies. 

e Inpatients with liver disease, coagulation usually does not become impaired until the 
cirrhosis is advanced, and the prothrombin time, activated partial thromboplastin time, 
and thrombin time are all prolonged. 
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Normal Hemostasis 


The control of bleeding by coagulation and vasoconstriction involves the vascular system, 
platelets, and coagulation proteins. Primary hemostasis occurs when platelets are activated 
following injury to a blood vessel. Platelet activation involves adhesion, release or secretion, and 
aggregation. Adhesion is mediated by von Willebrand factor, which binds to platelet 
glycoprotein Ib and subendothelial collagen. Subsequent activation of platelets involves the 
prostaglandin cascade and other mediators, which results in a change in the shape of the platelets 
and release or secretion of granule contents that further enhances platelet activation. Aggregation 
of platelets is mediated by binding of fibrin(ogen) to platelet glycoprotein IIb/IIIa receptors that 
are exposed when platelets are activated. The result is a primary hemostatic plug. Each of these 


processes can be associated with hereditary or acquired defects that result in impaired primary 
hemostasis. 


Coagulation activation (secondary hemostasis) is enhanced as the platelet phospholipid 
membrane interacts with coagulation proteins, resulting in a definitive hemostatic plug. 
Coagulation proceeds principally by means of activated factor VII (factor VIIa), which binds to 
exposed tissue factor (TF) on endothelial cells at the site of injury (Figure 18). 


Factor VIIa/TF directly activates factor X and also activates factor IX in the intrinsic cascade. 
Factor IX, along with factor VIII, also activates factor X. Factor Xa and factor V next convert 
prothrombin to thrombin. Thrombin then cleaves two small peptides from the fibrinogen 
molecule and leaves the remaining protein (fibrin monomer), which polymerizes with other 
fibrin monomers by means of hydrostatic forces. This unstable fibrin thrombus is stabilized by 
the action of factor XIa, which introduces disulfide bonds between fibrin monomers. Intrinsic 
coagulation can also be initiated by contact activation of factor XII, which first activates factor 
XI and then factor IX. However, this initial pathway is less important than originally believed, 
considering that patients with deficiencies of factor XII or factor XI generally do not have a 
bleeding disorder. 


A cell-based model of coagulation may define the coagulation processes more accurately. This 
model involves three phases: initiation, amplification, and propagation. During the initiation 
phase, small amounts of thrombin are generated in an area of subendothelial injury. Thrombin 
generation occurs by activation of factor VII after contact with TF and by limited generation of 
factor Xa. Thrombin then activates surrounding platelets, as well as factor VIII and factor V 
(amplification phase). The platelet membrane then becomes the site for an explosive burst of 
additional thrombin formation (propagation phase) by means of additional activation of factor X 
by factor VIla/TF and factor IXa. 


Intrinsic 


Extrinsic 


Antithrombin VII 


Protein C 
Protein S Antithrombin 


Figure 18. The coagulation cascade. 


Antithrombin, protein C, and protein S are natural inhibitors of the coagulation factors indicated. 
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Approach to the Bleeding Patient 


e History and Physical Examination 
e Laboratory Testing 


PreviousNext 


History and Physical Examination 


The clinical history should focus on the presence of any systemic illnesses; the severity of 
bleeding; whether the bleeding is spontaneous or is an excessive response to normal bleeding 
following injury, surgery, or dental procedures; whether the bleeding pattern is lifelong or 
recently acquired; and whether the bleeding suggests a platelet or a coagulation defect. Platelet- 
related bleeding tends to occur immediately after injury and often affects the skin in the form of 
petechiae or the mucous membranes. Coagulation-related bleeding may be delayed in onset, is 
manifested more by deep tissue bruises (ecchymoses), and may produce hemarthroses in patients 
with congenital deficiencies. Women should be asked about the pattern of menstrual bleeding or, 
if postmenopausal, about whether any abnormal bleeding has occurred. Obtaining a detailed 
medication history and a family history of any bleeding disorders is imperative. Physical 
examination may reveal petechiae, ecchymoses, or the site of bleeding, which may help 
determine whether there is a platelet or a coagulation disorder. 
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Laboratory Testing 


Platelets are assessed quantitatively by a direct platelet count. Platelet function is determined by 
a platelet aggregation assay and, occasionally, by a bleeding time. The coagulation cascade is 
assessed by measurement of the prothrombin time and activated partial thromboplastin time 
(Figure 19). The thrombin time measures the time to convert fibrinogen to fibrin. If results of 
any of these assays are prolonged, an inhibitor mixing study should be done. This involves 
repeating the abnormal assay with a 1:1 mixture of the patient’s plasma and normal plasma to 
detect either a factor deficiency or the presence of an inhibitor (that is, an antibody directed 
against a factor). The results of the mixing study will normalize in a patient with a factor 
deficiency but will remain abnormal if an inhibitor is present. Additional assays can be obtained 
to determine which factor is deficient, or more specialized tests can be performed to identify the 
inhibitor and its target. A D-dimer assay detects fragments of fibrin and is helpful in the 
diagnosis of disseminated intravascular coagulation (see Figure 19). 


Intrinsic 


Extrinsic 


PT/INR 


Fibrin clot | clot > D-dimer 


Figure 19. The coagulation cascade illustrating the pathways 
assessed by the prothrombin time/International Normalized 
Ratio (PT/INR), activated partial thromboplastin time 
(aPTT), and the thrombin time (TT). 


The D-dimer results from the breakdown of fibrin by plasmin. 
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Diagnosis and Management of Bleeding Disorders 


e Hereditary Factor Deficiencies 


e Acquired Bleeding Disorders 
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Hereditary Factor Deficiencies 


The three most common inherited factor deficiencies are factor VIII deficiency (hemophilia A), 
factor IX deficiency (hemophilia B), and von Willebrand factor deficiency (which is discussed 
under Platelet Disorders). Factor VIII and factor IX deficiency are both X-linked recessive 
disorders. Females are carriers (with one defective X chromosome), and males are fully affected. 
Both deficiencies cause spontaneous and excessive trauma-related bleeding that begins several 
months after birth. Bleeding is typically intramuscular or intra-articular, but fatal intracranial 
hemorrhage can occur. 


Most patients today are treated with self-administered factor VIII or factor IX concentrate on a 
scheduled prophylactic basis or at the first sign or symptom of potential bleeding. The goal of 
therapy is to increase the deficient factor level from 50% to 100%. Treatment with these factors 
has reduced the number of intra-articular hemorrhages and subsequent joint contractures and 
immobility. Infectious complications have been significantly reduced by the development of 
recombinant human factor IX concentrate and better purification and virus inactivation of factor 
VIII concentrates. 


Hereditary deficiencies of factors other than factor VII and factor IX are rare. Factor XI 
deficiency is most prevalent in Ashkenazi Jews; affected patients, including those with severe 
forms of this disorder, typically do not have excessive bleeding. They have a prolonged activated 
partial thromboplastin time but a normal prothrombin time, thrombin time, and bleeding time. 
Inherited factor XII deficiency also usually does not cause excessive bleeding and is also 
associated with a prolonged activated partial thromboplastin time. 
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Acquired Bleeding Disorders 


Disorders Associated with Liver Disease 
Vitamin K Deficiency 


Disseminated Intravascular Coagulation 
Acquired Factor VII Inhibitors 
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Disorders Associated with Liver Disease 


All coagulation factors are synthesized in the liver, and severe hepatic impairment leads to 
various factor deficiencies. The vitamin K—dependent factors (II, VII, IX, and X) may be the 
most sensitive, and vitamin K deficiency may further increase the risk for deficient coagulation 
factors. Patients with liver disease, especially cirrhosis, have an enlarged spleen and a moderate 
reduction in the platelet count (50,000 to 100,000/uL) caused by splenic sequestration 
(hypersplenism), which may increase the risk for bleeding. In addition, cirrhosis is often 
associated with esophageal varices, which also cause gastrointestinal bleeding. Coagulation 
usually does not become impaired until the cirrhosis is advanced, and the prothrombin time, 
activated partial thromboplastin time, and thrombin time are all prolonged (Table 15). 


A coagulopathy may occur in patients with acute hepatic failure or acute hepatic necrosis, and 
coagulopathy with a prolonged prothrombin time may be the first laboratory sign of acute liver 
injury in these patients. Levels of most coagulation factors are decreased, and D-dimer 
concentrations are elevated because of reduced hepatic clearance of D-dimer and variable 
degrees of coagulation activation. Choice of treatment is guided by the presence of bleeding or 
the need for prophylaxis before an invasive procedure. Fresh frozen plasma is most often 
administered to increase the levels of deficient factors. Occasionally, concentrates of the vitamin 
K-—dependent factors (prothrombin concentrates) are given to quickly replace deficient factors 
without the need to infuse the large volumes of plasma required when fresh frozen plasma is 
used. Large infusions of fresh frozen plasma are also contraindicated in patients with incipient 
hepatic encephalopathy because such infusions may precipitate full-blown encephalopathy. 


Table 15. Constellation of Coagulation and Platelet Function 
Test Results Found in Various Coagulation and Platelet 
Disorders 
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PT = prothombin time; INR = International Normalized Ratio; aPTT = activated partial 
thromboblastin time; TT = thrombin time; NI = not indicated; vWF = von Willebrand factor; fî = 
increased; | = decreased; — = normal. 


“Mixing study is performed on PT or aPTT, depending on which is prolonged. 


"Findings on blood smear are variable, depending on severity of disorder and may not be present. 
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Vitamin K Deficiency 


Vitamin K deficiency results in a reduction of factors II, VII, IX, and X and is associated with an 
initial prolongation of the prothrombin time followed by a prolonged activated partial 
thromboplastin time. Vitamin K deficiency occurs most often in chronically ill patients, 
especially those in intensive care units, and in malnourished patients who are taking antibiotics. 
Vitamin K, 5 to 10 mg orally, provides adequate treatment. Acute bleeding due to vitamin K 
deficiency requires administration of fresh frozen plasma to replace the missing factors more 
quickly. 
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Disseminated Intravascular Coagulation 


Disseminated intravascular coagulation (DIC) involves the widespread activation of coagulation 
that leads to formation of fibrin clots. Some patients have a thrombotic disorder characterized by 
deep venous thrombosis or pulmonary embolism. Arterial thrombi and infarction may also rarely 
occur. In most patients, secondary fibrinolysis dissolves the fibrin clot, and consumption of 
platelets and coagulation factors causes thrombocytopenia, clotting factor deficiencies, bleeding, 
and vascular injuries. Erythrocyte consumption is manifested by a microangiopathic hemolytic 
anemia with fragmented erythrocytes seen on a peripheral blood smear (see Figure 11 from the 
Approach to Anemia section). 


However, patients with mild DIC may be asymptomatic. DIC most commonly occurs in patients 
with infections, cancer (typically mucin-producing adenocarcinomas), and obstetrical 
complications. Gram-negative sepsis is the most common infection associated with DIC, 


although infection due to gram-positive organisms and viruses, including HIV, may also be 
causative. Patients with head trauma or other extensive injuries are also at risk. In addition, most 
patients with DIC have an acute or a chronic underlying liver disease. 


The diagnosis of DIC is based on the presence of a prolonged prothrombin time, activated partial 
thromboplastin time, and thrombin time; a high D-dimer titer; a reduced serum fibrinogen level 
and platelet count; and the presence of microangiopathic hemolytic anemia. The degree of these 
abnormalities depends on the extent of consumption of platelets and coagulation factors and the 
ability of the patient to compensate for these findings. A scoring system to aid in diagnosing DIC 
has been studied prospectively and was found to have a sensitivity of 91% and specificity of 97% 
for establishing the diagnosis. 


Treatment of DIC is focused on correcting the underlying cause. Patients may require fresh 
frozen plasma to replace coagulation factors or transfusion of platelets or erythrocytes. 
Cryoprecipitate may also be given. Antithrombin III and activated protein C concentrates have 
been used with some effectiveness. Unfractionated heparin and low-molecular-weight heparin, 
which were once thought to interrupt the consumptive process, are rarely used today because 
these formulations may increase the bleeding risk and do not improve outcome. 
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Acquired Factor VIII Inhibitors 


Acquired factor VIII inhibitors are a rare cause of an acquired bleeding disorder. Most 
commonly, factor VII inhibitors occur in hemophiliacs. However, they may rarely occur 
spontaneously, especially in older patients, and in patients with autoimmune disease, cancer, 
lymphoproliferative diseases, and pregnant woman, especially in the postpartum period. 
Acquired factor VIII inhibitors are associated with severe bleeding, which is controlled with 
various factor concentrates or desmopressin. The long-term goal is to eradicate the antibody by 
immunosuppressive therapy and treat the underlying disease. 
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Platelet Disorders 


Approach to the Patient with Thrombocytopenia 
Quantitative Platelet Disorders 


Qualitative Platelet Disorders 


Key Points 


The most common causes of thrombocytopenia are decreased production, increased 
destruction, and splenic pooling of platelets. 

Pseudothrombocytopenia is caused by platelet clumping or aggregation around 
leukocytes when EDTA is used in the collection tube. 

The clinical manifestations of immune thrombocytopenic purpura range from mild 
bleeding to severe gastrointestinal or intracranial hemorrhage. 

High-dose corticosteroids are the initial treatment of immune thrombocytopenic purpura 
in adults. 

Because immune thrombocytopenic purpura often does not respond completely to 
corticosteroids, treatment with immunosuppressive agents or splenectomy may be 
required. 

New thrombopoietin receptor agonists are available for the treatment of refractory 
immune thrombocytopenic purpura. 

A diagnosis of heparin-induced thrombocytopenia requires immediate discontinuation of 
heparin and initiation of an alternative rapidly acting anticoagulant. 

Heparin-induced thrombocytopenia is associated with a high risk for thrombotic events. 
Thrombotic thrombocytopenic purpura is most often caused by antibodies to or a 
deficiency of ADAMTS13, an enzyme that cleaves large multimers of von Willebrand 
factor. 

Thrombotic thrombocytopenic purpura should always be considered in any patient with 
both thrombocytopenia and microangiopathic hemolytic anemia. 


e Patients with thrombotic thrombocytopenic purpura are treated with plasma exchange 
transfusions. 

e Inpatients with thrombocytopenia, the risk of bleeding begins to increase when the 
platelet count drops below 50,000/uL (50 x 10°/L) and increases significantly when the 
count decreases to 10,000/uL (10 x 10°/L) to 20,000/uL (20 x 10°/L). 

e von Willebrand disease, a qualitative platelet disorder, is the most common inherited 
bleeding disorder. 

e Treatment of von Willebrand disease includes administration of desmopressin (DDAVP) 
or infusion of cryoprecipitates or factor concentrates that contain von Willebrand factor. 

e Drugs, especially aspirin and NSAIDs, are the most common cause of acquired 
qualitative platelet disorders. 
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Approach to the Patient with Thrombocytopenia 


Thrombocytopenia (a platelet count <150,000/uL [150 x 10°/L]) is due to reduced bone marrow 
production that may be associated with increased peripheral destruction, hemodilution, or splenic 
pooling of platelets. Platelet disorders can be both quantitative and qualitative. Specific causes 
are listed in Table 16. 


Medical history can help determine whether the process is chronic or acute, whether systemic 
diseases associated with thrombocytopenia are present, and whether medications known to cause 
thrombocytopenia are being used. A complete blood count is required because other cell lines 
(leukocytes, erythrocytes) may also be abnormal in a patient with a bone marrow or stem cell 
disorder. The peripheral blood smear may show large platelets when platelet turnover is 
increased, although giant platelets may also occur in some hereditary syndromes. The presence 
of fragmented erythrocytes suggests a thrombotic microangiopathy (disseminated intravascular 
coagulation, thrombotic thrombocytopenic purpura, hemolytic uremic syndrome, HELLP 
syndrome), and nucleated erythrocytes may indicate an invasive bone marrow process (Figure 
20). 


Immature leukocytes on the peripheral blood smear may be associated with a bone marrow stem 
cell disorder such as leukemia. Although a bone marrow aspirate or biopsy may be helpful in 
assessing platelet production, this procedure is not done as often today because less invasive 
studies may be equally effective in making a presumptive diagnosis. 


Pseudothrombocytopenia (a falsely low platelet count) may occasionally occur and is caused by 
platelet clumping or aggregation around leukocytes in the collection tube (Figure 21). 


This process is mediated by use of EDTA as the anticoagulant and results in a reduced count 
when electronic counting instruments are used. Pseudothrombocytopenia can be confirmed when 
the platelet count normalizes after the count is repeated in a tube containing citrate or heparin as 
the anticoagulant. 


Figure 20. Fragmented erythrocytes and nucleated 
erythrocytes suggestive of a thrombotic microangiopathy. 


Figure 21. A peripheral blood smear depicting platelet 
clumping characteristic of pseudothrombocytopenia. 


Table 16. Differential Diagnosis of Thrombocytopenia 
(Common Causes) 


Increased Platelet Destruction 

Immune-mediated 

ITP Isolated thrombocytopenia; usually a diagnosis of exclusion; 
antibody often directed against platelet GP IIb/IIIa; increased 
megakaryocytes in bone marrow, but bone marrow examination 
not usually needed for diagnosis. 


Infection 


Drug-induced 
HIT 


Sulfa drugs, quinine/quinidine, 
penicillin 


Nonimmune-mediated 
DIC 


TTP/HUS 


Hypersplenism 


Adhesion to foreign surfaces 


Bone Marrow Disorder 


Leukemia, myeloproliferative 
disease, myelodysplasia, 
aplastic anemia, bone marrow 
infiltration with cancer 


Drug-induced 


Chemotherapy and 
radiotherapy 


Alcohol 


Infectious (viral) 


Antibodies against pathogens adsorbed to platelets, resulting in 
increased destruction. Seen in HIV, hepatitis B and C, EBV, and 
other viral and bacterial infections. 


Most common drug-induced thrombocytopenia; about 5% with 
unfractionated heparin after 5 to 7 days of treatment; associated 
with thromboses in 20% to 50% of cases; must use alternative, 
nonheparin, anticoagulant in affected patients. 


Drugs bind to different platelet membrane receptors (e.g., GP 
Ib/IX or I[b/IIa) with varying degrees of reversibility, depending 
on drug. Platelet reductions can be acute and severe as with 
quinine, or more mild. 


Coagulation activation leading to consumption of platelets with 
thrombosis in milder cases or bleeding in severe cases. 
Commonly associated with gram-negative sepsis, cancer, or 
obstetric complications. 


Most commonly due to secretion of large molecular complexes 
of vWF not cleaved into smaller units by ADAMTS13, a 
metalloproteinase, which is deficient on a congenital basis or 
owing to antibodies. vWF’ s binding to platelets leads to platelet 
consumption, characterized by thrombocytopenia, 
microangiopathic hemolytic anemia, neurologic deficits, fever, 
and renal failure. Renal failure predominates in HUS, more often 
occurring in children. 


Sequestration/removal of platelets in the presence of splenic 
hypertrophy, resulting in mild to moderate thrombocytopenia. 


Extracorporeal circulation; dialysis. 
Decreased Platelet Production 


Decreased platelet production due either to a stem cell defect or 
dysplasia or bone marrow replacement with other cells, such as 
in cancer infiltration or myelofibrosis. 


Direct toxic effect on cell division via various mechanisms 
depending on class of chemotherapeutic agent or site of radiation 
therapy. 


Direct toxic effect on megakaryocyte development; 
hypersplenism may play a role if advanced liver disease is 
present. Thrombocytopenia in affected patients is usually mild to 
moderate. 


HIV, CMV Direct toxic effect on megakaryocyte development. 
Nutritional 


Folate/B 12 Defect in DNA maturation, resulting in reduced platelet 
production. 


ITP = Immune thrombocytopenic purpura; HIT = heparin-induced thrombocytopenia; DIC = 
disseminated intravascular coagulation; GP = glycoprotein; EBV = Epstein-Barr virus; 
TTP/HUS = thrombotic thrombocytopenic purpura/hemolytic uremic syndrome; vWF = von 
Willebrand factor; CMV = cytomegalovirus. 
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Quantitative Platelet Disorders 


Immune Thrombocytopenic Purpura 


Heparin-induced Thrombocytopenia 
Other Immune Thrombocytopenias 


Thrombotic Microangiopathies 
Acquired Thrombocytopenia Due to Inadequate Platelet Production 
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Immune Thrombocytopenic Purpura 


Immune thrombocytopenic purpura (ITP) may be autoimmune mediated (previously called 
idiopathic ITP) or drug-induced. ITP is a relatively common disorder (approximately 20,000 
cases per year in the United States) and occurs in both children and adults. In adults, younger 
women are affected more often than younger men, but the sex-related differences in prevalence 
diminish in older patients. 


ITP may be acute or chronic. Acute ITP occurs most often in children (approximately 90% of 
cases) and usually resolves within 6 months with or without treatment. Chronic ITP occurs most 
often in adults. Adult patients with ITP may present with new-onset bleeding and 
thrombocytopenia, suggesting an acute disorder. However, thrombocytopenia is often found 
coincidentally when a complete blood count is done for another indication, suggesting a more 
chronic onset. 


The autoantibody causing ITP is most often targeted to platelet glycoprotein Ib/IIIa or platelet 
glycoprotein Ib/IX, although other antigen targets have been identified on the platelet surface. 
Bound antibody leads to platelet removal by binding to Fc receptors on the membrane of 
macrophages. The spleen is the major site of removal. Assays for specific antibodies to platelet 


glycoprotein IIb/II]a are not readily available, and measuring nonspecific platelet-associated 
immunoglobulin concentrations is not helpful in diagnosing ITP. 


The clinical manifestations of ITP range from mild bleeding (epistaxis, gingival bleeding, 
petechiae, and ecchymoses) to severe gastrointestinal or intracranial hemorrhage. The diagnosis 
is based on excluding other causes of thrombocytopenia, other systemic illnesses, and 
medications. Petechiae are usually the only finding on physical examination; splenomegaly is 
typically absent. The peripheral blood smear shows large platelets decreased in number. The 
complete blood count is generally normal except for thrombocytopenia. As discussed above, 
pseudothrombocytopenia must be excluded as the cause for a decreased platelet count. Bone 
marrow aspirate or biopsy is usually not needed if the complete blood count is otherwise normal. 


Prolonged treatment is usually needed to increase and stabilize the platelet count, and ITP never 
resolves completely in some patients. Initial treatment includes high-dose corticosteroids 
(approximately 1 mg/kg) daily for 2 to 4 weeks. The platelet count initially improves in most 
patients following corticosteroid administration, but it will subsequently decline in many as the 
dose is tapered or even if the high dose is maintained. As many as 70% of adult patients will not 
have an adequate sustained response to corticosteroids and will require additional therapy. 


Splenectomy, traditionally the next treatment intervention, results in a sustained increased 
platelet count in approximately 50% to 75% of patients. However, fewer patients undergo 
splenectomy today because of the availability of other equally effective treatments. Those who 
do have surgery should receive polyvalent pneumococcal vaccine, Haemophilus influenzae 
vaccine, and quadrivalent meningococcal polysaccharide vaccine at least 2 weeks preoperatively. 


Intravenous immune globulin (IVIG) may increase very low platelet counts in patients with ITP. 
However, the effect is transient (days to weeks). IVIG is therefore often used only for patients 
before splenectomy or as a temporizing measure until more definitive treatment is tried. It may 
also be used as an option to quickly elevate the platelet count while corticosteroids are taking 
effect. In patients who might have difficulty with corticosteroids (for example, patients with 
diabetes mellitus), [VIG may be preferred until longer-term solutions can be applied. Intravenous 
anti-D immune globulin may sometimes be effective in patients with an intact spleen. Anti-D 
immune globulin can be administered in a smaller-volume infusion than that required for [VIG 
and can also be given over a shorter duration. 


Other therapeutic options for treatment of ITP include danazol, which is an attenuated androgen, 
and the cytotoxic agents cyclophosphamide and azathioprine. Several recent case reports have 
confirmed the effectiveness of rituximab, a monoclonal antibody directed against CD20 (B 
lymphocyte membrane receptor), in treating ITP. Rituximab decreases antibody-producing B 
cells, including those responsible for the autoimmune antibody. The result may last for 6 to 12 
months, but repeat courses of rituximab are often needed. Because of its immune-suppressing 
effects, rituximab can cause adverse events. Investigators have also recently confirmed an 
association between ITP and Helicobacter pylori infection, suggesting that eradication of H. 
pylori can result in remission of ITP. However, this finding seems to be most prominent in 
selected Asian populations and does not appear to be a factor in treating patients with ITP in the 
United States. Most recently, clinical trials have reported that thrombopoietin or thrombopoietin 


receptor agonists have been successful in treating patients with ITP. Recombinant human 
thrombopoietin has been tried, but because of antibody formation and the development of 
thrombocytopenia, it has not proved useful. The rationale behind using a growth factor for 
treatment when megakaryocyte development is already stimulated in patients with ITP is that 
megakaryocyte growth is actually depressed in some patients, presumably from the antiplatelet 
antibody that effects megakaryocyte development, and that growth factors may counter this 
effect. The two agents recently approved by the U.S. Food and Drug Administration are 
romiplostim, given subcutaneously once weekly, or eltrombopag, given orally on a daily basis. 
Both agents have shown good response in patients with refractory ITP, with few serious side 
effects. There have been a few cases of thrombosis and an increase in bone marrow reticulin 
reported with the use of these agents. 


ITP is well characterized in other conditions such as systemic lupus erythematosus (SLE), in 
which it may occur in 10% to 15% of patients, sometimes as the earliest manifestation of SLE. 
ITP is not an uncommon cause of thrombocytopenia in HIV, although decreased platelet 
production also occurs in HIV and must be differentiated from peripheral platelet destruction. 
ITP is also found in patients with lymphoproliferative disorders such as chronic lymphocytic 
leukemia, occurring in less than 5% of patients. 


Because the treatment of ITP after corticosteroid failure is complex, and splenectomy no longer 
is the automatic next therapeutic step, consultation with a hematologist is appropriate in the 
management of such patients. 
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Heparin-induced Thrombocytopenia 


Heparin-induced thrombocytopenia (HIT), the most common drug-induced immune 
thrombocytopenia, is caused by antibodies directed against a complex of heparin and platelet 
factor 4 (PF4), a protein released from platelets. Antibodies bind to the heparin-PF4 complex and 
then bind to Fcy receptors on platelets, which results in additional platelet activation and release 
of prothrombotic platelet microparticles. The antibody-heparin-PF4 complex may also bind to 
endothelial cells, resulting in endothelial injury. 


HIT occurs in approximately 5% of patients treated with unfractionated heparin for 5 or more 
days. It develops in only about 1% of patients treated with low-molecular-weight heparin and is 
almost nonexistent in patients taking fondaparinux, although fondaparinux is associated with 
antibody production, and one case of thrombocytopenia has been described. HIT occurs more 
commonly after full-dose intravenous administration of unfractionated heparin. The risk of 
developing HIT is highest in surgical patients, especially in those undergoing open heart surgery. 
Medical patients and pregnant women who require heparin have a lower risk for developing HIT. 
Platelet monitoring includes a baseline count and periodic platelet counts during the first 7 to 10 
days of therapy. HIT may occur after discontinuing unfractionated heparin, primarily within the 
first 3 months of recent treatment. Therefore, HIT should be suspected in patients who were 
recently hospitalized and develop either thrombocytopenia or a thrombotic event. 


The criteria for diagnosing HIT include (1) thrombocytopenia (defined as a platelet count 
<150,000/uL [150 x 10°/L] or a 50% decrease in platelet count from baseline, in which case the 
platelet count may still be within the normal range) in the presence of heparin or its use over the 
past 3 months; (2) exclusion of other causes of thrombocytopenia; (3) reversal of 
thrombocytopenia on cessation of heparin; and (4) positive laboratory test results. 


The diagnosis is often made on clinical grounds with confirmation by a specific antibody assay, 
such as the enzyme-linked immunosorbent assay (ELISA) or the serotonin-release assay, the 
results of which generally take several days to become available. The ELISA is highly sensitive 
but less specific than the serotonin-release assay for detecting antibodies that may cause 
thrombocytopenia. A heparin-induced platelet aggregation assay is not very sensitive or specific. 


The most serious complication of HIT is a thrombotic event. Venous thromboses are more 
common (about two thirds of events), but arterial thromboses also occur and can be life- 
threatening. Once HIT is detected or even suspected, heparin must be stopped immediately and 
an alternative rapidly acting anticoagulant begun even if thrombosis has not occurred. A new 
thrombotic event develops in 20% to 50% of patients who do not receive subsequent 
antithrombotic prophylaxis. Alternative agents include the direct thrombin inhibitors lepirudin 
and argatroban. Bivalirudin may also be used in selected patients, usually those undergoing 
cardiac interventions. These agents require intravenous administration and close monitoring. 
Once the platelet count is greater than 100,000/uL (100 x 10°/L), transition to warfarin can be 
started, if considered necessary. Platelet transfusions are indicated only if life-threatening 
bleeding is present. Patients with a confirmed history of HIT should not receive unfractionated 
heparin or low-molecular-weight heparin within the next 3 to 6 months because of the 
persistence of antibodies and recurrence of HIT. After a longer duration, however, many patients 
have no evidence of antibodies and do not have an amnestic response to repeat exposure. 
However, each patient responds differently, and great caution must be used in patients in whom 
subsequent heparin is absolutely required. 
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Other Immune Thrombocytopenias 


Other drugs implicated as the cause of immune thrombocytopenia include NSAIDs followed by 
anticonvulsants, antibiotics, gold salts, cinchona alkaloids (quinine/quinidine), diuretics, 
penicillamine, analgesics, and vaccines. If drug-induced thrombocytopenia is suspected, other 
diagnoses must be excluded, and the causative drug should be discontinued. Platelet transfusions 
are required only for patients with significant bleeding. 
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Thrombotic Microangiopathies 


The two thrombotic microangiopathies are thrombotic thrombocytopenic purpura (TTP) and 
hemolytic uremic syndrome (HUS). TTP is primarily a disorder of the systemic circulation 
caused by microvascular aggregation of platelets in the brain and other organs. HUS mainly 
affects the kidneys as a result of intrarenal platelet-fibrin thrombi. The two syndromes overlap, 
and it is often difficult to distinguish which syndrome predominates. Patients with TTP have 
been found to have unusually large multimers of von Willebrand factor (vWF) in their plasma. 
This led to the discovery of the role of ADAMTS13 (a disintegrin and metalloprotease with 
thrombospondin type 1 repeats, member 13) in the pathogenesis of TTP. ADAMTS13 cleaves 
large multimers of vWF released from endothelial cells. Familial deficiencies of, or antibodies 
to, ADAMTS13 lead to increased concentrations of large VWF multimers that bind to platelets, 
resulting in platelet aggregates in the microvasculature. TTP can also occur by other mechanisms 
in patients with cancer, in transplant recipients, and following administration of 
chemotherapeutic agents and other drugs. 


HUS primarily affects children and is not associated with ADAMTS13. The two most common 
causes are infection by Shiga toxin—producing Escherichia coli (E. coli O157:H7 and other 
serotypes) and familial deficiency of factor H. The toxin causes bloody diarrhea and enters the 
circulation and binds to platelets, glomerular capillary endothelial cells, mesangial cells, and 
glomerular and tubular epithelial cells. Shiga toxin binds to platelets by means of 
globotriaosylceramide receptors, which leads to platelet aggregation. Shiga toxin may also 
stimulate endothelial cells to release large vWF multimers, which can further enhance platelet 
aggregation. Factor H, a protein in the complement pathway, normally protects cells from 
damage by the alternative complement pathway. A deficiency of factor H allows C3 to potentiate 
autoantibody-mediated or immune complex—mediated injury to glomerular cells, leading to 
exposure of subendothelium and activation of both platelets and coagulation. 


The pentad of findings in TTP includes thrombocytopenia, microangiopathic hemolytic anemia, 
neurologic deficits, renal impairment, and fever. All five findings do not need to be present for 
the diagnosis to be established, but TTP should always be considered in all patients with both 
thrombocytopenia and microangiopathic hemolytic anemia (Figure 22). Rare cases of familial 
TTP occur. 


Patients may also have fatigue, nausea, vomiting, and abdominal pain. Since patients with 
disseminated intravascular coagulation (DIC) may have similar signs and symptoms, including 
thrombocytopenia and microangiopathic hemolytic anemia, DIC must be excluded before a 
diagnosis of TTP can be confirmed. Although ADAMTS13 assays or antibody studies are 
available, their accuracy has not been established. 


Plasma exchange transfusion is the treatment of choice for TTP. The procedure removes 
ADAMTS13 antibodies or replaces ADAMTS13 in patients with a deficiency of this compound. 
However, such therapy is recommended even without demonstrable ADAMTS 13 antibodies or 
deficiency. Daily exchanges are usually required to replace 1.0 to 1.5 times the predicted plasma 
volume with each exchange. The effectiveness of treatment is assessed by improvement in the 
platelet count, hematocrit value, and serum lactate dehydrogenase level. Some patients with TTP 
also require corticosteroids and sometimes with more potent immunosuppressive agents. 
Rituximab has recently been used with some success. Splenectomy may also be considered. 


Figure 22. A peripheral blood smear showing 
thrombocytopenia and schistocytes in a patient with 
thrombotic thrombocytopenic purpura. 


Acquired Thrombocytopenia Due to Inadequate Platelet 
Production 


Reduced platelet production resulting in thrombocytopenia can be caused by stem cell disorders; 
leukemia or aplastic anemia; nutritional disorders (for example, folic acid or vitamin B12 
deficiency); or, rarely, advanced iron deficiency, viral infections, drug-induced disorders, and 
infiltration of the bone marrow by cancer or a granulomatous process. In most of these disorders, 
the thrombocytopenia is associated with anemia and less frequently with leukopenia. Some 
causes, such as nutritional deficiencies or drug-induced disorders, are easily reversible, whereas 
others, such as stem cell disorders, are difficult to correct. The risk of bleeding begins to increase 
when the platelet count drops below 50,000/uL (50 x 10°/L) and increases significantly when the 


count decreases to 10,000/uL (10 x 10°/L) to 20,000/uL (20 x 10°/L). Platelet transfusions are 
indicated if bleeding is present, but prophylactic platelet transfusions are usually not given until 
the platelet count drops below 10,000/uL (10 x 10°/L) . 
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Qualitative Platelet Disorders 


Platelet-related bleeding can be due to a qualitative defect in platelet function even though the 
platelet count is normal. Qualitative platelet defects can be acquired (for example, drug-induced 
disorders) or congenital (for example, von Willebrand disease). Acquired defects are quite 
common, and congenital defects are rare. 
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Platelet Function Testing 


Only a limited number of platelet function tests are available. The bleeding time assesses 
primary platelet plug formation but is used only in selected patients, such as in the evaluation of 
von Willebrand disease. This study is inaccurate for determining the risk of bleeding in patients 
scheduled to undergo surgical procedures. 


A platelet aggregation assay assesses the release reaction or secretion of platelets and their ability 
to aggregate. It does not assess platelet adhesion. 


The Platelet Function Analyzer-100® (PFA-100®), an instrument designed specifically to 
measure platelet function, may be useful as a screening device, especially for assessing the effect 
of platelet inhibitor drugs. The Ultegra Rapid Platelet Function Analyzer® is a bedside 
instrument designed to monitor platelet inhibition by platelet glycoprotein IIb/I[]a antagonists. 
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Congenital Qualitative Platelet Disorders 


Disorders of platelet adhesion, secretion, and aggregation can be congenital. Examples include 
absence of platelet membrane receptors involved in adhesion (platelet glycoprotein Ib or giant 
platelet syndrome); defects in aggregation (platelet glycoprotein IIb/IIIa or Glanzmann 
thrombasthenia); or defects in prostaglandins or platelet storage granules (absence of a or 6 
granules). The most common inherited qualitative platelet defect is von Willebrand disease. 


Although usually referred to as a platelet defect, von Willebrand disease (vWD) is actually a 
deficiency or defect in the plasma protein von Willebrand factor (VWF). This factor is important 


for platelet adhesion and serves as the bridge between platelets and subendothelial collagen at 
sites of injury by binding to platelet membrane glycoprotein Ib and collagen. vWF is also a 
carrier for the coagulant protein factor VIII (factor VIIIc). When factor VIIc is unable to bind to 
defective or deficient vWF, the half-life and concentration of this factor are reduced, which may 
result in a coagulation defect. 


vWD is classified according to the type of mutation. The two principal types are type 1 (a 
deficiency of vWF) and type 2 (a defect in the polymerization of vWF subunits). vWD can be 
either inherited or acquired. It is the most common hereditary bleeding disorder and occurs in 
approximately 1/1000 persons in the United States. Type 1 vWD is inherited as an autosomal 
dominant trait. Depending on the concentration of vWF, bleeding can occur spontaneously 
(severe form) or after minor trauma. Symptoms and signs include ecchymoses, menorrhagia, and 
bleeding from the oral or nasal mucosa and gastrointestinal tract. The activated partial 
thromboplastin time may be prolonged because of a concomitant factor VIIc deficiency. A 
prolonged bleeding time is also common. However, a definitive diagnosis is made by finding low 
or variable levels of vWF, ristocetin cofactor (a measure of the role of vWF in platelet function), 
and a multimeric analysis of the von Willebrand protein. 


The goal of treatment is to increase vWF levels by administration of desmopressin (DDAVP) or 
infusions of cryoprecipitate or factor concentrates that contain vWF. 


The acquired form of vWD is rare. Over 50% of patients with acquired vWD have an associated 
lymphoproliferative or myeloproliferative disorder. Other associations include nonhematologic 
malignancies, aortic stenosis and other cardiac defects, and administration of certain drugs (for 
example, valproic acid). Treatment of acquired vWD is similar to that for inherited disease, but 
treatment of the underlying associated disease is of paramount importance. 
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Acquired Qualitative Platelet Disorders 


Acquired qualitative platelet disorders are most commonly caused by drugs, especially aspirin. 
Aspirin (acetylsalicylic acid) neutralizes platelet cyclooxygenase and impairs platelet secretion. 
Platelet transfusion is indicated for the treatment of serious aspirin-related bleeding. NSAIDs 
may also cause a transient qualitative platelet disorder, which remits once the drug is stopped. 


Several other antiplatelet agents used to treat cardiovascular disease may also cause platelet 
disorders. These include platelet glycoprotein Ib/IIa inhibitors (for example, abciximab and 
eptifibitide) and thienopyridine adenosine diphosphate receptor antagonists (for example, 
clopidogrel). 


Uremia is another common cause of a qualitative platelet disorder. The platelet defect in uremia 
has been attributed to toxic effects of uremic plasma, impaired platelet—vessel wall adhesion, and 
increased production of nitric oxide. Treatment includes dialysis and administration of DDAVP. 
Conjugated estrogens may be helpful in reducing bleeding. Platelet transfusions are ineffective. 


Qualitative platelet defects may also occur in patients with myeloproliferative and 
myelodysplastic disorders, in which case platelet transfusions are indicated if bleeding occurs. 
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Thrombotic Disorders 


Pathophysiology of Thrombosis and Thrombophilia 
Management of Venous Thromboembolism 


Key Points 


Factor V Leiden and PT”! gene mutations are responsible for two of the most common 
inherited types of thrombophilia. 

Thrombophilia testing is best done after the acute thrombotic event has occurred and at 
least 2 weeks after completion of anticoagulation therapy in these patients. 
Thrombophilia screening is appropriate for selected patients who experience unusual 
thromboses or who were young when the event occurred. 

Fondaparinux, when initiated 4 to 8 hours after surgery, has been found to be superior to 
low-molecular-weight heparin in preventing venous thromboembolism after total hip 
replacement, total knee replacement, and hip fracture surgery. 

Patient-specific characteristics, such as heart, liver, and kidney disorders; cancer; anemia; 
and history of stroke are risk factors for adverse events in patients who receive warfarin. 
Compression ultrasonography is used as a confirmatory diagnostic test for patients in 
whom there is a strong or moderate clinical suspicion of venous thromboembolism. 

The Wells clinical prediction rules help to establish the likelihood of the presence of 
venous thromboembolism. 

The D-dimer assay is helpful in excluding venous thromboembolism in patients in whom 
the clinical suspicion for this condition is low. 

D-dimer assays may be helpful in predicting the risk for recurrent venous 
thromboembolism once anticoagulants are stopped. 

Venous thromboembolism in the setting of cancer is best treated with prolonged low- 
molecular-weight heparin (3 to 6 months) with subsequent transition to warfarin if 
necessary. 
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Pathophysiology of Thrombosis and Thrombophilia 


Thrombosis may represent a positive normal response to injury or an unwanted response to an 
inciting factor. Platelet-rich thrombi are found in high-flow, high-shear environments, such as in 
the arterial circulation, whereas fibrin-rich thrombi predominate in the venous or low-flow 
circulatory environments. The latter will be the focus of this section. 


Rudolph Virchow, the 19th century pathologist, postulated that thrombosis involved disorders of 
the blood vessels, blood flow, or factors intrinsic to the blood. Today, individuals with multiple 
risk factors are known to be at the highest risk for thrombotic disorders, and Virchow triad is best 
thought of as a Venn diagram with overlapping and cumulative areas of risk (Figure 23). 


Factors limiting thrombosis or coagulation include rapid blood flow and dilution of activated 
factors, a nonthrombogenic endothelium, inhibitors to coagulation factors, and a fibrinolytic 
system that degrades fibrin clots (see Figure 19 from Hemostasis section). Thus, venous stasis 
limits blood flow and allows activated factors to accumulate, vascular injury disrupts the 
endothelium and exposes platelet and coagulation-active surfaces, and a defect or deficiency of 
inhibitors or lytic factors allows coagulation activation to go unchecked. Thrombophilia refers to 
an increased risk for thrombosis typically attributed to an acquired or inherited inhibitor 
deficiency, or to another process in the blood. Table 17 lists several acquired and inherited risk 
factors for thrombosis. 
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Figure 23. Venn diagram depicting Virchow’s triad, with 
overlapping and cumulative areas of risk for thromboses. 


Table 17. Major Risk Factors for Thrombosis 


Acquired Inherited Unknown 
Prior thrombosis Prolonged air travel Antithrombin Hyperhomocysteinemia 
deficiency 


Advancing age Antiphospholipid antibody Protein C deficiency High levels of factor VIII 


syndrome 

Obesity Myeloproliferative Protein S deficiency APC-resistance in the 
disorders (especially absence of Factor V 
polycythemia vera and Leiden 
essential thrombocythemia) 

Immobilization Paroxysmal nocturnal Factor V Leiden High levels of factor IX 
hemoglobinuria 

Major surgery Heparin-induced Prothrombin High levels of factor XI 
thrombocytopenia 20210A 

Estrogens Inflammatory bowel disease Dysfibrinogenemias High levels of TAFI 

(includes OCPs, (rare) 

HRT, SERMs) 

Malignancy Nephrotic syndrome Low levels of free TFPI 


Decreased fibrinolytic 
potential 


APC = activated protein C; OCP = oral contraceptive pills; HRT = hormone replacement 
therapy; SERM = selective estrogen receptor modulator; TAFI = thrombin-activatable 
fibrinolysis; TFPI = tissue factor pathway inhibitor. 
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Congenital Causes of Thrombophilia 


Of the inherited thrombophilic conditions, factor V Leiden is the most common. A single 
mutation in the factor V gene results in an amino acid substitution (Arg to Gln at position 506), 
rendering factor V more resistant to cleavage by activated protein C. This mutation can be 
detected by genetic analysis or by a coagulation assay (that is, the activated protein C resistance 
assay), results for the latter of which may also be abnormal because of other circumstances. In 
the United States, the factor V Leiden mutation occurs in approximately 6% of the white 
population and less frequently in other ethnic populations (Table 18). This mutation is found in 
approximately 20% of all individuals with a deep venous thrombosis (DVT) and occurs much 
more frequently in those with idiopathic DVT; it is also associated with DVT in women who 
take oral contraceptive pills. 


Another common genetic thrombophilia is aG—A mutation in the prothrombin gene at position 
20210 (Pre, resulting in higher prothrombin levels in affected individuals. This condition 
occurs in approximately 3% of white individuals in the United States and confers a three- to 
fourfold increased risk for venous thromboembolism (VTE). Surprisingly, neither the 
heterozygote factor V Leiden nor the Pee phenotypes are associated with a significantly 


increased risk for recurrent VTE, possibly because patients with an initial episode of thrombosis 
or pulmonary embolism have an alternative predisposing risk or, perhaps, because the venous 
damage from the initial thrombophlebitis itself predisposes to recurrent thrombosis. 


Antithrombin (previously known as antithrombin IID) deficiency is an autosomal-dominant 
disorder, and the prevalence of the heterozygous condition is 0.02% in the general population 
(homozygous antithrombin deficiency is generally not compatible with life). Antithrombin 
deficiency is associated with a risk for VTE of approximately 1% per year. Type 1 deficiency is 
a deficiency of the protein, whereas type II deficiency is characterized by a defective protein. 
Protein C and protein S are vitamin K—dependent proteins. Protein C requires activation by 
thrombomodulin-thrombin on the endothelial surface to neutralize factors VIIa and Va, whereas 
protein S is a cofactor in this reaction. Protein C deficiency is inherited as an autosomal- 
recessive trait, with 1 in 200 to 300 individuals affected, many of whom are asymptomatic. 
Protein C has a half-life of approximately 6 hours, decreases to low levels soon after initiation of 
warfarin therapy, and is the cause of warfarin-induced skin necrosis in some patients. 
Concomitant treatment with heparin can prevent such an adverse event. Protein S deficiency is 
inherited as an autosomal-dominant trait. Its frequency is less than that of protein C deficiency. It 
circulates bound to C4b-binding protein, 40% of which is free and active. Deficiencies of protein 
C, S, and antithrombin all lead to an increased risk for VTE (see Table 18). Arterial thrombotic 
events are rare. 


Table 18. Familial or Acquired Thrombophilia: Estimated 
Prevalence by Population, and Incidence and Relative Risk 
of Incident or Recurrent Venous Thromboembolism by 
Thrombophilia 


Incident VTE Recurrent VTE 


Norma Inciden Recurren Incidence Relative Incidence’ Relativ 
l t VTE t(1.0-3.3) °(95% Risk (95% CI) e Risk 


Prevalence 


CI) (95% (95% 
cT? CI) 
Antithrombin 2-5 500 17.5 10,500 2.5 
deficiency (320,730) (9.1,33.8 (3800,2300 
) ) 
Protein C deficiency 5-10 310 11.3 5100 2.5 
(530,930) (5.7,22.3 (2500,9400 
) ) 
Protein S deficiency 5-10 710 32.4 6500 2.5 
(530,930) (16.7-  (2800- 
62.9) 11,800) 
Factor V leiden”® 50-50 150 4.3° 3500 1.3 (1.0- 


(80,260) (1.9,9.7) 


(1900,6100 3.3) 
) 


Prothrombin 20210" 1-3 3-8 15-20 350 1.9 (0.9- 1.4 (0.9- 


4.1) 2.0) 
Combined* 840 32.4 5000 (2000, 
(560,1220 (16.7- 10,300) 
) 62.9) 
Hyperhomocysteinemi 2.5 
a 
Antiphospholipid Ab 2.5 


VTE = venous thromboembolism; CI = confidence interval; Ab = antibody. 
“per 100,000 person-years. 

Heterozygous carriers. 

“Homozygous carriers' relative risk = 80. 

“Combined factor V Leiden and prothrombin 20,210. 


Reproduced with permission from Heit J. Thrombophilia: Clinical and laboratory assessment and 
management. In: C. Kitchens, B. Alving, C. Kessler, eds. Consultative Hemostasis and 
Thrombosis. Philadelphia, PA: Saunders; 2007:213-244. Copyright 2007, Elsevier. 
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Acquired Causes of Thrombophilia 


Antithrombin or protein C or S deficiency may occur rarely in patients with nephrotic syndrome 
due to loss of these proteins in the urine. The antiphospholipid syndrome is the most common 
acquired thrombophilia. The antiphospholipid antibody is actually an antibody to a protein bound 
to phospholipid identified as B2-glycoprotein 1. Other proteins, such as prothrombin or protein C, 
may function as the epitope for binding. The antiphospholipid antibody sometimes interferes 
with the coagulation cascade as measured by the activated partial thromboplastin time (aPTT) or 
the prothrombin time (PT), causing a prolongation that is not corrected with a corresponding mix 
including normal plasma (that is, a lupus inhibitor). These antibodies, although they prolong in 
vitro coagulation tests, are associated with an increased risk for venous (approximately two 
thirds) and arterial thromboembolism. There is also a strong correlation between this syndrome 
and pregnancy loss, presumably due to placental insufficiency in affected patients secondary to 
thrombosis. Criteria for the diagnosis of the antiphospholipid syndrome are listed in Table 19. 


For individuals with antiphospholipid syndrome and a thromboembolic event, long-term oral 
anticoagulant therapy is indicated. 


Table 19. Criteria for Diagnosis of Antiphospholipid 
Syndrome* 


Clinical Criteria 

1. Vascular thromboses: 
One or more episodes of a vascular thrombotic event. 
2. Pregnancy morbidity: 
One or more unexplained deaths of a morphologically normal fetus beyond the 10th week of 
gestation. 
One or more premature births of a morphologically normal neonate before the 34th week of 
gestation because of eclampsia or severe preeclampsia or recognized features of placental 
insufficiency. 
Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation. 

Laboratory Criteria 
1. Presence of lupus anticoagulant on two or more occasions at least 12 weeks apart. 
2. Anticardiolipin antibody of IgG and or IgM isotype in medium or high titer on two or more 
occasions at least 12 weeks apart. 


3. Presence of anti-B2-glycoprotein 1 antibody of IgG and or IgM isotype present on two or more 
occasions at least 12 weeks apart. 


“The diagnosis requires at least one clinical and one laboratory criterion. 


Adapted with permission from Miyakis S, Lockshin MD, Atsumi T, et al. International 
consensus statement on an update of the classification criteria for definite antiphospholipid 
syndrome. J Thromb Haemost. 2006;4(2):295-306. [PMID: 16420554] Copyright 2006, The 
International Society on Thrombosis and Haemostasis. 
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Laboratory Testing 


Laboratory testing for thrombophilia is fraught with great confusion and misunderstanding 
concerning the use of assays. Expert opinion suggests that tests should be performed in patients 
with unusual or idiopathic events or for those whose events occurred at a young age. Tests that 
are not biologic assays, such as genetic testing, can be done if necessary. Testing should not be 
done in the setting of an acute thrombotic event but rather weeks or months after it has occurred 
and when anticoagulant therapy has been discontinued, because active thrombosis may alter the 
level of some proteins. 


Screening for thrombophilia is based on whether patients are determined to be strongly or 
weakly thrombophilic; the former should undergo screening, whereas screening may not be cost- 
effective in the latter group. Patients who are considered strongly thrombophilic will often have 
had their first idiopathic venous thrombosis before 50 years of age, may have a history of 
recurrent thrombotic episodes, and may have first-degree relative(s) in whom a documented 
thromboembolism has occurred before the age of 50 years. Weakly thrombophilic patients with a 
venous thromboembolism have none, or perhaps one, of these characteristics. 


Patients who are strongly thrombophilic should undergo testing for activated protein C 
resistance, factor V Leiden, the prothrombin gene mutation, antiphospholipid antibodies, a lupus 
inhibitor, antithrombin deficiency, protein C deficiency, and protein S deficiency. Those who are 
weakly thrombophilic should undergo either no special testing or testing for activated protein C 
resistance, factor V Leiden, the prothrombin gene mutation, antiphospholipid antibodies, and a 
lupus inhibitor. Testing for antithrombin deficiency, protein C deficiency, and protein S 
deficiency is not indicated in weakly thrombophilic patients. 
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Antithrombotic Agents 


Three major classes of antithrombotic drugs are currently in use: anticoagulants, antiplatelet 
agents, and thrombolytic or fibrinolytic agents. Thrombolytic agents have a direct effect on 
thrombi by hastening their dissolution, whereas anticoagulants and antiplatelet agents are always 
prophylactic because they prevent de novo initiation of thrombosis (primary prophylaxis) or 
extension or recurrence of established thrombi (secondary prophylaxis). 
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Unfractionated Heparin 


Unfractionated heparin, a glycosaminoglycan with a molecular weight ranging from 5000 to 
30,000 daltons and derived primarily from porcine intestinal mucosa, binds to antithrombin 
through a unique pentasaccharide in the heparin molecule, enabling antithrombin to bind rapidly 
and neutralize the serine protease coagulation factors (IIa, IXa, Xa, XIa, and Xa) (Figure 24). 
To neutralize thrombin, unfractionated heparin must also bind to thrombin, which requires a 
minimal chain length of 18 monosaccharides in the unfractionated heparin molecule. This is not 
required for Factor Xa inactivation. Unfractionated heparin has a half-life of approximately 1 
hour after intravenous bolus administration and is metabolized in part by the liver and is partially 
excreted by the kidneys. 


The frequent failure of heparin to achieve a therapeutic level of anticoagulation remains a 
challenge and is principally the result of inadequate dosing. Dosing nomograms help to 


standardize and improve therapy and facilitate achievement and maintenance of more rapid 
therapeutic levels of heparin. Table 20 outlines a popular dosing nomogram. 


The aPTT, used to measure the heparin response, is highly dependent on the reagent used in the 
test. Every laboratory is obligated to perform an in vitro or ex vivo heparin titration curve with 
the reagent currently in use and establish the reagent-specific therapeutic range (equivalent to 
0.2-0.7 U/mL of heparin, depending on the type of titration curve used). 
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Figure 24. The coagulation cascade illustrating the 
anticoagulants commonly used today and their specific 
targets. 


Table 20. Heparin Dosing Nomogram 


Heparin Dosing and Monitoring Activities 
Check baseline aPTT, INR, CBC/platelet count 
Give heparin bolus, 80 U/kg, IV 
Begin IV heparin infusion, 18 U/kg/h 
Target aPTT for institution-specific therapeutic range? 
aPTT-based Dosing Adjustments 
aPTT Dosing Adjustment 
<35 sec" 80 U/kg bolus; increase drip by 4 U/kg/h 
35-50 sec* 40 U/kg bolus; increase drip by 2 U/kg/h 
51-70 sec? No change 
71-90 sec? Reduce drip by 2 U/kg/h 
>90 sec? Hold heparin for 1 h; reduce drip by 3 U/kg/h 


aPTT = activated partial thromboplastin time; IV = intravenous; CBC = complete blood count; 
INR = International Normalized Ratio. 


“Each laboratory must perform its own in vitro heparin titration curve to establish the therapeutic 
range for the specific aPTT reagent in use, which is equivalent to a heparin concentration of 0.3- 
0.7 anti Xa U/mL (by anti Xa assay) or 0.2-0.4 U/mL (by protamine titration assay). The 
therapeutic range varies depending on the aPTT reagent in use. 


Adapted with permission from Raschke RA, Reilly BM, Guidry JR, et al. The weight-based 
heparin dosing nomogram compared with a standard care nomogram. Ann Intern Med. 
1993;119(9):874-881. [PMID: 8214998] Copyright 1993, American College of Physicians. 
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Low-Molecular-Weight Heparin 


Low-molecular-weight heparin (LMWH) is a fragment of unfractionated heparin produced by 
chemical or enzymatic depolymerization of unfractionated heparin. The average molecular 
weight of LMWH agents ranges from 4000 to 6500 daltons and contains the pentasaccharide for 
antithrombin binding. Because LMWH lacks many of the larger monosaccharide chains (>18) 
required for binding to thrombin, it has a greater relative ability to neutralize factor Xa than does 
thrombin. LMWH agents have a significantly reduced ability to bind to plasma proteins, 
facilitating increased availability for binding to antithrombin, producing an anticoagulant effect, 
and requiring no laboratory monitoring, except, perhaps, during pregnancy. They are also more 
uniformly absorbed from subcutaneous depots and have a longer plasma half-life (range, 3 to 5 
h). LMWH agents are excreted predominantly from the kidney. Alteration of dosing is required 


in patients with renal failure for whom it is recommended that full-dose therapy be instituted 
only with the aid of anti-Xa—factor assay monitoring capability. Monitoring may also be helpful 
in morbidly obese patients. 


The indications for LMWH depend on the commercial preparation used and include VTE 
prophylaxis and treatment and prophylaxis of ischemic complications in the setting of acute 
coronary syndromes and ST-elevation myocardial infarction. 
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Fondaparinux 


Fondaparinux is a further refinement on the mechanism of action of unfractionated heparin. It 
contains the pentasaccharide that binds to and activates antithrombin, and it is synthetically 
synthesized. It is a specific indirect inhibitor of factor Xa and has no antithrombin effect because 
it lacks the longer saccharide chains necessary for thrombin binding. Fondaparinux has 
essentially no protein binding, has a predictable antithrombotic effect, and requires no 
coagulation monitoring. This agent has good absorption from subcutaneous depots, reaches peak 
concentrations in 1 to 3 hours, and has an effective half-life of approximately 17 hours, allowing 
for once-daily dosing. Although fondaparinux may induce heparin/platelet factor-4 antibodies, 
these antibodies rarely cause heparin-induced thrombocytopenia (HIT) (see HIT). It is excreted 
entirely by the kidneys and is not recommended in patients with renal impairment (creatinine 
clearance <30 mL/min). 


Fondaparinux is approved for prophylaxis of VTE in patients undergoing hip or knee 
replacement surgery or hip fracture surgery and in other medical or surgical conditions. It is also 
approved for the treatment of acute DVT or pulmonary embolism. 


Fondaparinux, when initiated 4 to 8 hours after surgery, has been found to be superior to LMWH 
in preventing VTE after total hip replacement, total knee replacement, and hip fracture surgery. 
It has also been reported to be non-inferior to dalteparin in preventing postoperative VTE in 
patients who undergo high-risk abdominal surgery. 
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Vitamin K Antagonists (Warfarin) 


Warfarin, the major vitamin K antagonist used in North America, interferes with the reduction 
and recycling of oxidized vitamin K (Figure 25). As a result, poorly functional coagulation 
precursors are secreted, leading to defective coagulation. Factor VII has the shortest half-life 
(approximately 6 h), and its concentration falls the most rapidly. Factor II has a half-life of 
approximately 60 hours; thus, several days of therapy are required to achieve a decrease in 


concentration, explaining why heparin and warfarin therapy must overlap for a minimum of 3 to 
5 days to result in a reduction of all vitamin K—dependent coagulation factors. 


Warfarin is indicated for the prevention or treatment of VTE; for prevention of systemic 
embolism in patients with prosthetic heart valves or atrial fibrillation; for the primary prevention 
of acute myocardial infarction in high-risk men; and for the prevention of stroke, recurrent 
infarction, or death in patients with acute myocardial infarction. 


Warfarin has a narrow therapeutic window, exhibits considerable variability in dose response 
among patients, is subject to interactions with drugs and diet, requires laboratory control that can 
be difficult to standardize, and requires complex dosing regimens that can lead to compliance 
and communications errors. Warfarin therapy therefore must be managed carefully to avoid 
adverse events. Management by specialized anticoagulation clinics has been shown to yield 
improved outcomes (safety and efficacy) compared with care provided by individual physicians 
who do not employ a systematic approach to anticoagulation management. Patient-specific 
characteristics, such as heart, liver, and kidney disorders; cancer; anemia; and history of stroke 
are risk factors for adverse events in patients who receive warfarin. 


The initial average maintenance dose of warfarin is 5 mg/d or lower in patients who are elderly 
or malnourished, or who have liver disease, heart failure, or are recently postoperative. Warfarin 
should overlap with heparin therapy for a period of 3 to 5 days, although it can be commenced 
out of hospital in some patients without initial heparin (for example, in patients with chronic 
stable atrial fibrillation). 


Estimation of the maintenance dose is based on observations of the INR response. An individual 
who rapidly achieves a high therapeutic PT (INR >2.0) after two doses of warfarin is likely to 
require a low maintenance dose. Conversely, patients in whom little elevation of the PT (INR 
<1.5) is observed after two doses are likely to require a higher maintenance dose. 


Pharmacogenetic-based dosing may play an important role in the pharmacokinetic and 
pharmacodynamic behavior of warfarin. Single nucleotide polymorphisms in the gene coding for 
CYP2C9 (see Figure 25), the principal enzyme responsible for metabolizing the S enantiomer of 
warfarin, alter the rate of metabolism (that is, half-life) of warfarin, affecting the rapidity of 
initial effect and the dose required to maintain a therapeutic INR. Similarly, various mutations in 
the gene coding for the VKORC1 enzyme, the target of warfarin, lead to a protein that is either 
sensitive or resistant to warfarin inhibition, and, consequently, also affect the initial dose and the 
maintenance dose required to achieve a therapeutic INR. Retrospective analyses have shown that 
single nucleotide polymorphisms coding for these proteins may account for up to 50% of the 
variation in the dose required to achieve a therapeutic INR, and algorithms have been developed 
to help in the initial warfarin dosing. These mutations have also been shown to correlate with 
adverse events. Whether dosing algorithms based on pharmacogenetics add value to the 
conscientious monitoring of the INR and dose management remains to be determined. Pilot trials 
of genetic-based dosing have yielded mixed results, but a recent randomized prospective trial 
showed that dosing based on real-time pharmacogenetic information achieved a therapeutic 
range faster and maintained the therapeutic range longer than dosing based on INR response 
alone. 


An elevated INR is managed by discontinuing warfarin, administering vitamin K, or infusing the 
patient with fresh frozen plasma, prothrombin concentrate, or recombinant factor VIIa. The 
choice of therapy is based on the severity of the clinical situation. Vitamin K should be 
administered orally or intravenously in urgent situations. 


Perioperative management of patients who are taking warfarin when an invasive procedure is 
needed requires an assessment of the risk for surgical bleeding if anticoagulation is continued 
versus the risk for thrombosis if anticoagulation is discontinued. LMWH is currently 
recommended over unfractionated heparin as an alternative agent in this setting because it is a 
less-complex treatment modality, requires no monitoring, and can be administered at home. A 
recent review of LMWH versus unfractionated heparin in the perioperative setting summarizes 
the options and outcomes for a range of procedures. Table 21 summarizes the 2008 American 
College of Chest Physicians Chest Consensus Conference recommendations for management. 
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Figure 25. The mechanism of action of warfarin. 


Table 21. Pre- and Postoperative Bridging Guidelines for 
Patients Receiving Warfarin 


Guideline Grade of 
Recommendation® 

Stop warfarin therapy ~5 days preoperatively 1B 
Resume warfarin therapy ~12-24 h postoperatively if hemostasis is secure 1C 
If INR >1.5 the day before procedure, can administer oral vitamin K, 1-2 1C 
mg 
For patients with MHV, AF, or VTE at high risk of TE, bridging with 1C 
full-dose SC LMWH or IV UFH is recommended 
For patients with MHV, AF, or VTE at moderate risk of TE, bridging 2C 
with full-dose SC LMWH, IV UFH, or low-dose SC LMWH is 
recommended 
For patients with MHV, AF, or VTE at low risk of TE, bridging with 2C 
low-dose SC LMWH or no bridging is recommended 
When possible, outpatient SC LMWH over inpatient IV UFH is 1C 
recommended from a cost-saving perspective 
Administer last dose of full-dose SC LMWH 24 h preoperatively at half 1C 
the calculated dose 
If receiving IV UFH, stop infusion at ~4 h preoperatively 1C 
Resume full-dose SC LMWH for minor procedures ~24 h postoperatively 1C 
if hemostasis is secured 
Resume full-dose SC LMWH/UFH for major procedures or high 1C 
bleeding-risk procedures ~48-—72 h postoperatively if hemostasis is 
secured, or low-dose SC LMWH/UFH when hemostasis is secured 


MHV = mechanical heart valve; AF = atrial fibrillation; VTE = venous thromboembolism; TE = 
thromboembolism; SC LMWH = subcutaneous low-molecular-weight heparin; [V UFH = 
intravenous unfractionated heparin; INR = International Normalized Ratio. 


“ Grade 1 recommendations are considered strong and indicate that the benefits do (or do not) 
outweigh risks, burdens, and costs, whereas grade 2 recommendations are referred to as 
suggestions and imply that individual patient values may lead to different management choices. 


Adapted with permission from Douketis JD, Berger P, Dunn AS, et al; American College of 
Chest Physicians. The perioperative management of antithrombotic therapy: American College 
of Chest Physicians Evidence-based Clinical Practice Guidelines (8th Edition). Chest. 


2008; 133(6 Suppl):299S-339S. [PMID: 18574269] Copyright 2008, American College of Chest 
Physicians. 
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Direct Thrombin Inhibitors 


There are three direct thrombin inhibitors in clinical use: lepirudin, the recombinant form of the 
leech enzyme, hirudin; bivalirudin, an engineered form of hirudin that alters its thrombin-binding 
capacity and half-life; and argatroban, a small molecule that binds irreversibly to the active site 
of thrombin. Each of these is a parenterally administered drug with limited Food and Drug 
Administration—approved indications, and all require therapeutic monitoring. Lepirudin and 
argatroban are principally used as alternative anticoagulants for patients with HIT. Lepirudin is 
excreted in the urine and argatroban metabolized by the liver, attributes that often determine 
which of the two is to be used based on the patient’s comorbidities. Bivalirudin is used in 
percutaneous coronary interventions as an alternative to unfractionated heparin. It is also 
approved for HIT in this setting. 
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Management of Venous Thromboembolism 


The clinical features of DVT, such as pain, redness, warmth, and swelling, are nonspecific and 
may reflect other conditions (for example, cellulitis, heart failure, or ruptured Baker cyst). A 
definitive diagnosis of DVT can be made only with objective testing. Thus, even a moderate or 
strong suspicion of VTE must be confirmed by objective testing. Currently, compression 
ultrasonography is the most commonly used confirmatory diagnostic tool in patients with 
suspected DVT. In patients with DVT, compression ultrasonography will detect a 
noncompressible venous lumen, inside which echogenic material is visible. Contrast venography, 
the gold standard, is seldom used because of its invasiveness, cost, and associated morbidity. 


Clinical rules have been developed and verified to help establish the diagnosis of DVT or 
pulmonary embolism to formalize clinical thinking and optimize clinical testing. The best-known 
predictive model is that of Wells et al. According to these criteria, each of the following 
characteristics earns | point: active cancer; paralysis or recent plaster cast; recent immobilization 
or major surgery; tenderness along the deep veins; swelling of the whole leg; greater than a 3-cm 
difference in calf circumference compared with other leg; pitting edema; and collateral 
superficial veins. Patients in whom an alternative diagnosis is likely earn -2 points. A high 
probability for DVT exists in patients with a score of greater than 3; a moderate probability 
exists in those with a score of 1 to 2; and low pretest probability exists in those with a score of 0 
or less. 


Immunologic D-dimer assays are particularly sensitive for detecting the presence of intravascular 
thrombosis, but they have a low specificity for predicting DVT. Therefore, a negative assay may 
be helpful in excluding an acute thrombotic process, but a positive assay is not helpful. Sensitive 
enzyme-linked immunosorbent assays (ELISAs) have been studied for their negative predictive 
value in excluding the presence of a DVT, and D-dimer assays have been included as part of 
diagnostic algorithms to aid in the diagnosis of DVT and minimize invasive testing. In the setting 
of low clinical probability and negative D-dimer assay results, a DVT can be excluded without 
the need for an objective test. 


DVT and pulmonary embolism require initial treatment with an immediate-acting anticoagulant, 
usually unfractionated heparin, LMWH, or fondaparinux. Inadequate initial therapy with 
unfractionated heparin has been shown to result in a high recurrence rate. Warfarin is initiated 
simultaneously with heparin, and both therapies are overlapped for a minimum of 4 to 5 days and 
until the INR has reached the therapeutic range for two measurements taken 24 hours apart. In 
selected cases of severe iliofemoral thrombosis, catheter-directed thrombolysis has been used to 
restore patency with apparent effectiveness, but randomized controlled trials comparing this 
procedure with standard anticoagulant therapy are lacking; therefore, its routine use is not 
recommended. 


The duration of therapy is determined by whether a DVT is associated with reversible or 
irreversible inciting factors or is idiopathic (Table 22). 


DVT associated with transient reversible factors is associated with a low risk for recurrence after 
3 to 6 months of anticoagulant therapy. DVT that is idiopathic or associated with certain 
congenital thrombophilic conditions has a rate of recurrence as high as 8% to 10% per year after 
6 to 12 months of therapy; therefore, longer-term therapy is recommended for patients in these 
settings, and in some situations, lifelong therapy is appropriate. To reduce the risk for bleeding 
and the need for INR testing, the PREVENT investigators showed that administering a lower- 
intensity anticoagulation regimen (INR, 1.5-2.0) after the initial 3 to 6 months of therapy in 
patients with a high risk for DVT recurrence resulted in a significant reduction in recurrence risk 
and no increased major bleeding risk compared with placebo. The ELATE investigators, 
however, found that administering continued anticoagulation to achieve a target INR of 2.0 to 
3.0 was more effective than reduced-intensity anticoagulation, without evidence of increased 
bleeding. The patient-specific estimated risk of bleeding should determine which of these two 
strategies to use. 


Recently, results of D-dimer assay performed after 6 months of anticoagulation therapy have 
been shown to be predictive of thrombotic recurrence. An elevated high-sensitivity D-dimer 
assay result predicts an increased risk for recurrence by at least fourfold compared with a normal 
result. Thus, a positive assay provides further impetus to continue long-term anticoagulation, 
whereas a normal assay might lead to cessation of therapy because of an altered risk/benefit ratio 
for continued anticoagulation. The assay must be done 3 to 4 weeks after warfarin therapy is 
stopped. 


In patients with VTE and cancer, several studies, including the CLOT study, have shown the 
potential benefit of LMWH over warfarin. Lee et al. found a significant difference in recurrent 


DVT between those randomized to receive 3 months of dalteparin (27/336; 8%) versus 
dalteparin followed by warfarin (53/336; 16%) (NNT = 13) in patients with VTE and cancer. 
There was no significant difference in major bleeding or death between these two groups. 


There is a 20% to 40% incidence of postphlebitic syndrome after an episode of DVT manifested 
by intermittent discomfort, swelling, varicosities, and skin changes. A very small percentage of 
patients will develop severe symptoms including skin ulcerations. 


Table 22. Duration of Treatment and Management of 
Patients with Venous Thromboembolism’ 


Type of VTE Duration of Therapy Management 
Associated with a transient 3-6 months of Target INR of 2.5 
reversible risk factor anticoagulation with 
warfarin 
Associated with a major A minimum of 6-12 Target INR of 2.5 for the first 6 
continuing risk factor; months of anticoagulation months. Depending on estimated risk of 
associated with a major with warfarin, with recurrence and risk for bleeding, target 
thrombophilic defect (APS, consideration of long- INR of 1.8 after 6 months is acceptable 
AT, or PC deficiency); term, indefinite (an ongoing target of 2.5 is more 
recurrent; idiopathic anticoagulation effective, but could confer a higher risk 
for an adverse event) 
Associated with cancer 3-6 months of Dalteparin, 200 U/kg/d x 1 month, 
anticoagulation with followed by 150 U/kg/d x 5 months 
LMWH followed by followed by warfarin, target INR of 2.5, 


warfarin if anticoagulation if required 
still required 


VTE = venous thromboembolism; INR = international normalized ratio; APS = antiphospholipid 
syndrome; AT = antithrombin; PC = protein C; LMWH = low-molecular-weight heparin. 


“Patients must be assessed regularly for indefinite or long-term anticoagulation, and the duration 
is determined by assessing the risk of bleeding while receiving warfarin versus the risk for 
recurrent VTE after cessation of warfarin. 
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Hematologic Issues in Pregnancy 


Gestational Anemia 


Sickle Cell Disease in Pregnancy 
Thrombocytopenia in Pregnancy 


Thrombophilia, Venous Thromboembolism, and Pregnancy 


Key Points 


Mild anemia (hemoglobin level greater than 10.5 to 11.0 g/dL [105 g/L to 110 g/L]) 
occurs during pregnancy and generally does not require evaluation or treatment. 
Evaluation is required for pregnant women with marked normocytic anemia, erythrocytes 
of abnormal size, an elevated reticulocyte count, or an abnormal leukocyte or platelet 
count. 

Iron deficiency is common during pregnancy and generally does not require extensive 
evaluation. 

Iron deficiency in pregnant women can usually be treated with oral iron supplementation. 
Homozygosity for hemoglobin S in pregnant women is associated with increased 
maternal mortality and fetal morbidity. 

Transfusions are generally not required during uncomplicated pregnancies of women 
with sickle cell anemia. 

Gestational (mild) thrombocytopenia is the most common cause of pregnancy-associated 
thrombocytopenia. 

Gestational thrombocytopenia does not require specific treatment. 

No diagnostic studies are available to differentiate gestational thrombocytopenia from 
immune thrombocytopenic purpura, but the latter is often present before pregnancy or is 
detected early in the pregnancy, whereas gestational thrombocytopenia usually develops 
in the third trimester or at term. 

Initial therapy for immune thrombocytopenic purpura is prednisone; if prednisone is 
ineffective, intravenous immune globulin is administered. 

The HELLP syndrome is characterized by microangiopathic hemolytic anemia, elevated 
liver enzymes (greater than 70 U/L), and a low platelet count (less than 100,000/uL [100 
x 10°/L)). 

Pregnant patients with a history of venous thromboembolism, a family history of 
thrombophilia, or a history of recurrent fetal loss should be evaluated for a thrombophilic 
disorder. 

Pregnant patients with known or at high risk for thrombophilic defects require 
anticoagulation prophylaxis; those at low risk need only close monitoring. 
Unfractionated heparin and low-molecular-weight heparin are the anticoagulants of 
choice for use during pregnancy. 

Warfarin is contraindicated during the first trimester of pregnancy. 
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Gestational Anemia 


Normal pregnancy is associated with a mild anemia despite increases in erythropoietin and 
erythrocyte production and erythrocyte mass. The anemia is due to a dramatic increase in plasma 
volume as a consequence of an increased uterine vascular bed in addition to poorly defined 
hormonal mechanisms. The relatively greater increase in plasma volume compared with the 
increase in erythrocyte mass leads to a low-viscosity erythrocytosis that promotes oxygen 
delivery to the developing fetus. 


Anemia usually becomes apparent in the eighth week of pregnancy and progresses throughout 
most of the third trimester. Several weeks before delivery, anemia stabilizes and then rapidly 
improves before delivery. Gestational anemia is defined as hemoglobin levels greater than 11.0 
g/dL (110 g/L) in the first and third trimesters and greater than 10.5 g/dL (105 g/L) in the second 
trimester. Healthy pregnant women have normochromic, normocytic erythrocyte indices, and 
gestational anemia usually does not require further investigation. Additional studies are needed 
for pregnant women with marked normocytic anemia, which could indicate red cell aplasia, a 
rare cause of anemia in pregnancy. Prompt evaluation is also required for pregnant women with 
erythrocytes of abnormal size, an elevated reticulocyte count, or an abnormal leukocyte or 
platelet count. 
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Iron Deficiency 


Iron deficiency is present in up to 40% of pregnant women worldwide. It occurs when dietary 
iron supplementation and iron storage provide less iron than that needed for both the developing 
fetus and the increased erythrocyte mass associated with pregnancy. As with iron deficiency in 
nonpregnant patients, iron deficiency in pregnant women is diagnosed by low serum iron and 
ferritin levels and elevated serum total iron-binding capacity in the setting of microcytic, 
hypochromic erythrocytes. Iron deficiency in pregnant women who do not have an obvious cause 
for blood loss is usually the result of the pregnancy. In these women, iron deficiency does not 
require further investigation and can be remedied with oral replacement of iron salts. 


Although iron deficiency is associated with increased complications during pregnancy, including 
preterm delivery and low-birth-weight newborns, data from randomized trials do not provide 
clear support for routine iron prophylaxis for pregnant women who are not anemic. However, 
even in the absence of supporting data, iron supplements are routinely given to almost all 
pregnant women in the United States. Occasional pregnant patients will be unable to absorb oral 
iron adequately or will have such high iron requirements that parenteral iron therapy is indicated. 
Parenteral iron dextran is associated with significant side effects, including anaphylaxis, and is 
therefore a pregnancy class C drug (safety uncertain). Newer parenteral iron preparations, 
including iron sucrose and ferric gluconate, are better tolerated. These are pregnancy class B 


drugs (presumed safe) that may be effective for pregnant patients who require parenteral iron 
therapy. However, large, high-quality trials that assess clinical outcomes are needed to establish 
the efficacy and safety of these newer parenteral iron preparations during pregnancy. 
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Folate Deficiency 


Pregnant women have approximately twice the folate requirements as nonpregnant women 
because of folate needs of the developing fetus. Folate deficiency is associated with neural tube 
defects. In order to prevent this birth defect, mandatory folate supplementation of grains and 
cereal products is required in the United States. Additionally, pregnant women are routinely 
prescribed multivitamins with folate. Folate deficiency is therefore very rare in pregnant women 
in this country. 
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Sickle Cell Disease in Pregnancy 


Women who are homozygous for hemoglobin S (SS) have later menarche, later first pregnancies, 
and more spontaneous abortions than matched normal controls. Newborns of mothers with SS 
anemia have lower birth weights and lower gestational ages. The pregnancy-related mortality 
rate in affected women is between 0.5% and 2%. Because of the increased fetal morbidity and 
maternal mortality, pregnancy in these women should be managed by a team of medical 
personnel, including an obstetrician, primary care physician, and hematologist. If possible, 
patients should consult their physicians before planning a pregnancy. Despite earlier reports 
suggesting an increased risk of hypertension and eclampsia in patients with SS anemia, more 
recent studies showed no difference in these complications. In contrast to women who are 
homozygous for hemoglobin S or women with SC disease or S/B-thalassemia, women with 
sickle cell trait are not anemic and do not have an increased incidence of obstetric complications. 


Based on results of randomized studies, prophylactic blood transfusions are generally not needed 
for pregnant women with SS anemia. However, transfusions may be indicated for certain 
patients, including those with severe uncompensated anemia evidenced by signs of heart failure 
(see Transfusion Medicine). 


Pain crises may increase during pregnancy, and typical opiate analgesics can generally be used. 
However, meperidine is contraindicated in patients with sickle cell disease because of its 
tendency to induce seizures owing to accumulation of normeperidine. Hydroxyurea is 
contraindicated during pregnancy and should ideally be discontinued at least 3 months before 
conception. Although case reports of successful pregnancies in women taking hydroxyurea have 
been published, there are currently no guidelines concerning the management of patients who 


become pregnant while taking this drug. Discontinuing hydroxyurea immediately upon 
recognition of pregnancy therefore seems advisable. 
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Thrombocytopenia in Pregnancy 


Gestational Thrombocytopenia 


Immune Thrombocytopenic Purpura 
Preeclampsia and the HELLP Syndrome 


Thrombotic Thrombocytopenic Purpura 
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Gestational Thrombocytopenia 


Gestational (mild) thrombocytopenia is the most common cause of pregnancy-associated 
thrombocytopenia. Although platelet concentrations tend to decrease progressively during 
pregnancy because of a corresponding progressive increase in plasma volume, levels generally 
do not reach the thrombocytopenic range. Most pregnant women who do have a mild 
thrombocytopenia, called gestational or incidental thrombocytopenia, have platelet counts 
ranging between 70,000/uL (70 x 10°/L) and 150,000/uL (150 x 10°/L). This occurs in 
approximately 5% of pregnancies and appears in late gestation. The cause of gestational 
thrombocytopenia is unknown; although it is not believed to have an immune basis. Specific 
therapy is not required. However, when the platelet count decreases to less than 100,000/uL (100 
x 10°/L), more serious causes should be excluded. 
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Immune Thrombocytopenic Purpura 


Immune (idiopathic) thrombocytopenic purpura (ITP) accounts for approximately 10% of cases 
of thrombocytopenia in pregnant women. No diagnostic studies are available to differentiate ITP 
from gestational thrombocytopenia. One clue to distinguishing these disorders is that ITP is often 
present before pregnancy or is detected early in the pregnancy, whereas gestational 
thrombocytopenia usually develops later during gestation near term. 


ITP is a diagnosis of exclusion in both pregnant and nonpregnant patients. Other diagnoses to 
consider are preeclampsia during the latter months of pregnancy, HELLP syndrome (hemolysis, 
elevated liver enzymes, low platelet count), HIV-related thrombocytopenia, thrombotic 
thrombocytopenic purpura, and, possibly, disseminated intravascular coagulation. The peripheral 


blood smear in patients with ITP may show large platelets, a finding consistent with increased 
platelet turnover. Bone marrow aspirate or biopsy is usually not indicated. 


Pregnant patients with ITP require careful monitoring but no specific therapy if the platelet count 
remains above 50,000/uL (50 x 10°/L). Platelet counts only slightly below 50,000/uL (50 x 
10°/L) can generally be tolerated early in pregnancy but become more dangerous later in the 
second trimester and during the third trimester. If therapy must be started, prednisone, 1 mg/kg 
daily, is used initially. Patients must be monitored for the development of gestational diabetes, 
which can be exacerbated by corticosteroids. If prednisone is not effective, intravenous immune 
globulin is administered and must be given approximately every 3 weeks to maintain an adequate 
platelet count. Splenectomy may rarely be needed and is best done during the mid-second 
trimester. When deciding whether to perform splenectomy, the risks of surgery must be balanced 
against potential harm from the underlying thrombocytopenia to the fetus and mother. 


Approximately 10% of newborns of mothers with ITP will have thrombocytopenia. Neither the 
severity of maternal thrombocytopenia nor whether the mother received treatment for ITP 
correlates with the occurrence of thrombocytopenia in the newborn. Because of a poor 
correlation with maternal thrombocytopenia as well as potential artifacts in measurement and a 
small percentage of morbidity and mortality from the procedure, prenatal sampling of fetal blood 
from a scalp vein or the umbilical cord is generally not recommended. 
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Preeclampsia and the HELLP Syndrome 


Approximately 20% of thrombocytopenia in pregnant patients is due to preeclampsia (formerly 
called pregnancy-induced hypertension). Preeclampsia most commonly occurs during the later 
stages of gestation, and the platelet count may be as low as 20,000/uL (20 x 10°/L). 


About 10% of patients with preeclampsia develop the HELLP syndrome (hemolysis, elevated 
liver enzymes, low platelet count). The cause is unknown but probably represents endothelial 
injury, platelet activation, and subsequent platelet destruction. The HELLP syndrome is 
associated with a wide range of systemic symptoms, and abnormal laboratory findings may be 
difficult to differentiate from those caused by thrombotic thrombocytopenic purpura, hemolytic 
uremic syndrome, and, occasionally, disseminated intravascular coagulation. Suggested criteria 
for diagnosis include microangiopathic hemolytic anemia, a platelet count less than 100,000/ uL 
(100 x 10°/L), a serum total bilirubin level greater than 1.2 mg/dL (20.52 umol), a serum 
aspartate aminotransferase level greater than 70 U/L, and a serum lactate dehydrogenase level 
greater than 600 U/L. The HELLP syndrome is associated with significant postpartum maternal 
morbidity and a maternal mortality rate of 1% to 3%. Newborns may also be affected but usually 
less severely than their mothers. Although both preeclampsia and the HELLP syndrome usually 
resolve soon after delivery, the latter may be exacerbated during the postpartum period. Intensive 
monitoring of the mother should therefore be continued. In some patients, corticosteroids have 
been shown to hasten resolution of the HELLP syndrome in the postpartum period. 
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Thrombotic Thrombocytopenic Purpura 


Thrombotic thrombocytopenic purpura (TTP) may also occur during pregnancy. The clinical and 
laboratory manifestations of TTP are the same in pregnant and nonpregnant patients. Treatment 
of TTP is also the same for both groups of patients and involves plasmapheresis. 
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Thrombophilia, Venous Thromboembolism, and Pregnancy 


Venous thromboembolism occurs in 0.1% of pregnancies, and an inherited thrombophilic defect 
is found in 30% to 50% of pregnant women who develop a venous thromboembolism. Some 
thrombophilic defects, such as the antiphospholipid antibody syndrome, have a strong 
association with recurrent fetal loss, fetal growth retardation, and abruptio placentae, whereas 
others, such as the factor V Leiden mutation, are less strongly associated with these 
abnormalities, or the association is controversial. The pathophysiology of these thrombophilic 
defects is thought to be due to placental ischemia caused by microvascular thrombi. Whether 
eclampsia and preeclampsia are also associated with these defects is less clear, and many studies 
show no association. Table 23 summarizes the frequency of thrombophilic disorders during 
pregnancy based on several studies. 


Pregnant patients with a history of venous thromboembolism, a family history of thrombophilia, 
or a history of recurrent fetal loss should be evaluated for a thrombophilic disorder, especially if 
establishing the diagnosis will alter the management of the pregnancy. Routine screening is 
otherwise not indicated. 


Prophylaxis with low-dose unfractionated heparin or low-molecular-weight heparin (LMWH) is 
indicated for pregnant patients with selected thrombophilic defects (deficiency of antithrombin, 
protein C, or protein S; compound heterozygotes for prothrombin G20210A or factor V Leiden 
mutation). Prophylaxis with both low-dose aspirin and low- or moderate-dose unfractionated 
heparin or LMWH is indicated for women with recurrent fetal loss and the antiphospholipid 
antibody syndrome. Anticoagulant therapy for up to 6 weeks postpartum is recommended. Other 
defects require only close monitoring. 


Unfractionated heparin and LMWH are safe to use during pregnancy because neither crosses the 
placental barrier and neither has been shown to have a teratogenic effect on the fetus. However, 
use of either agent may be associated with mild bone loss in the mother when administered for 
many months. If full-dose LMWH is used, periodic monitoring may be helpful because 
requirements for LMWH increase as pregnancy progresses. The target serum anti-Xa level 
should be between 0.5 and 1.0 U/mL measured approximately 5 to 6 hours after the last dose of 
LMWH is administered. Warfarin is contraindicated during the first trimester because of the 


potential for warfarin-induced embryopathy. In addition, warfarin is rarely used in the United 
States during the second and third trimesters generally because of the fear of liability if any fetal 
maloccurrence should develop, whether or not it is warfarin related. 


Women with a history of idiopathic deep venous thrombosis or deep venous thrombosis 
associated with a thrombophilic defect should receive anticoagulation prophylaxis during 
pregnancy and the postpartum period. Women with a history of deep venous thrombosis due to a 
reversible risk factor may only need close surveillance without prophylaxis during pregnancy but 
should receive an anticoagulant after delivery. Figure 26 summarizes recent recommendations 
for the use of prophylactic or treatment-dose anticoagulants in at-risk pregnant women. 


Pregnant women without known thrombophilic defects have an increased risk of developing 
deep venous thrombosis. This is possibly due to an increasing thrombophilic profile during 
pregnancy and progressive venous obstruction from the enlarging uterus. Most thrombotic events 
occur on the left side because of compression of the left iliac vein by the right iliac artery. If a 
venous thrombosis does develop, therapy with full-dose unfractionated heparin or, more 
conveniently, full-dose LMWH should be initiated, even though the latter is not approved by the 
U.S. Food and Drug Administration for this indication. 


Thrombophilia screening for patients with: 

a history of VTE, history of unexplained fetal loss 
220 weeks, severe preeclampsia/HELLP, severe 
IUGR, or family history of thrombosis 


Low risk Moderate risk High risk 

a Transient risk factors = History of APO: severe History of idiopathic VTE outside 

i eae preeclampsia. IUGR <5th of pregnancy without identifiable 
Family history of VTE percentile, fetal loss at risk factors 


Highest risk 

* History of antiphospholipid 
antibody syndrome 

= Active arterial and/or venous 


à ect a sth 220 weeks * History of VTE with thrombophilia thromboembolism 
arenile fetal ise st * History of VTE with transient (factor V Leiden, prothrombin = Known antithrombin deficiency 
>20 we ae risk factors including G20210A, functional protein C/S * Homozygotes or compound 
pregnancy deficiency or antithrombin) heterozygotes for factor V Leiden 
= Thrombophilia with family * History of antiphospholipid or prothrombin mutations 
history of VTE antibody syndrome (criteria met 


by recurrent pregnancy loss only) 


Prevention of VTE Prevention of VTE Prevention of VTE/APO Prevention of VTE/APO 

= Possible intrapartum * Postpartum enoxaparin 40 Antepartum enoxaparin 40 mg * Therapeutic anticoagulation 
antithrombotic mg SC QD, 30 mg BID, or SC QD, 30 mg BID®, or dalteparin mandatory during pregnancy and 
compression boots dalteparin 5000 U SC QD 5000 U SC QD. May require BID for 26 weeks during postpartum 


Prevention of APO dosing 3 Enoxaparin 1 mg/kg BID or 
Assessing anti-Xa levels each dalteparin 200 U/kg QD 


* Antepartum enoxaparin A = A 
40 mg SC QD or dalteparin A IG Seely Weekly peak and trough 


5000 U SC QD Postpartum treatment in patients monitoring of anti-Xa levels, 
with a history of VTE adjusting dose to keep peak anti-Xa 
at 0.8-1.0 IU/mL and trough anti-Xa 
at 20.5 |U/mL° 


Postpartum anticoagulation 

target INR 2.5-3.5 for 4-6 weeks with 
initial overlap of UFH or LMWH until 
INR 22.5 


Figure 26. Figure risk assessment and prevention of venous 
thromboembolism (VTE) and adverse pregnancy outcomes 
(APOs) in pregnant patients. 


Table 23. Prevalence of Thrombophilia and Risk for Venous 
Thromboembolism in Pregnant Women 


Thrombophilic 
Disorder 


None 


Factor V Leiden 
(heterozygote) 


Factor V Leiden 
(homozygote) 


PT gene mutation 
(heterozygote) 


PT gene mutation 
(homozygote) 


Compound 
heterozygote 


Antithrombin 
deficiency 


Protein C deficiency 
Protein S deficiency 


Prevalence in the 


General Population 


<50 
3-7 (of white women) 


0.02-0.17 


0.14-0.5 
0.14-0.5 


VTE = venous thromboembolism. 
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Current Issues in Cancer Treatment 


The past several years have seen great advancements in the treatment of many solid tumors and 
lymphoma. With a better understanding of carcinogenesis, tumor progression, and metastasis, 
several key molecular targets have been identified and exploited to develop therapeutic agents 
designed to interfere with these cellular pathways. 


Monoclonal antibodies such as trastuzumab, which binds to the HER2 receptor in breast cancer 
cells, have now been shown to improve survival of patients with HER2-positive, early-stage 
disease. Additional antibodies targeting other members of the epidermal growth factor receptor 
family (cetuximab and panitumumab) have been approved for use in metastatic disease and are 
now being studied in clinical trials in the adjuvant setting. 


Following the success of imatinib in the treatment of chronic myeloid leukemia, newer specific 
or multi-targeted oral tyrosine kinase inhibitors such as erlotinib and sorafenib are now available 
and are generally well tolerated, showing clinical efficacy in previously treatment-resistant 
diseases such as gastrointestinal stromal tumors and renal cell carcinoma. 


Tumor dependency on angiogenesis has been better defined. Novel antiangiogenic agents such as 
bevacizumab, a monoclonal antibody against the vascular endothelial growth factor that targets 
the tumor microenvironment, have been shown to have broad-spectrum activity against solid 
tumors. 


We are ushering in an unprecedented era of successful drug development for the treatment of 


cancer. 
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Cancer Risk 


e Environmental Risk Factors 
e Genetic Susceptibility Risk Factors 


e Risk Assessment and Genetic Counseling 


Key Points 


e Smoking and other tobacco use cause about 30% of all cancer-related deaths in the 
United States. 

e Patients who have received radiation therapy have a lifelong increased risk for tumors 
originating in the irradiated field. 

e Smoking in association with asbestos exposure increases the risk for lung cancer and 
mesothelioma. 

e Alcohol, although not a carcinogen, is associated with development of cancer in the 
upper respiratory passages. 

e The most common infectious agents implicated in cancer include human papillomavirus 
in cervical, anogenital, and oropharyngeal cancer; hepatitis B and C in hepatocellular 
carcinoma; Helicobacter pylori in gastric adenocarcinoma and mucosa-associated 
lymphoid tissue non-Hodgkin lymphoma; and Epstein-Barr virus in Hodgkin lymphoma. 

e Individuals born with a critical tumor suppressor gene mutation are more susceptible to 
environmental carcinogens than are individuals without such genetic mutations. 

e About 5% of breast cancer is attributable to rare, high-penetrance mutations in a small 
number of specific genes, with BRCA/ and BRCA2 mutations accounting for up to 50% 
of cases of hereditary and familial breast cancer. 

e Polyps occur much less commonly in hereditary nonpolyposis colorectal cancer than in 
familial adenomatous polyposis. 

e In addition to colorectal cancer, ovarian and endometrial cancer may be more common in 
individuals with hereditary nonpolyposis colorectal cancer. 

e Cancer risk assessment consists of a history to determine family and lifestyle risks and a 
physical examination to identify signs consistent with genetic cancer syndromes. 
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Environmental Risk Factors 


Tobacco use is a strong and common cancer risk factor and the leading cause of preventable 
death. Smoking and other tobacco use cause about 30% of all cancer-related deaths in the United 
States. Almost 90% of lung cancer is caused by tobacco, and the risk for lung cancer is 10 to 20 
times higher in smokers than it is in never-smokers. Smoking also causes cancers of the upper 
respiratory tract, genitourinary tract, gastrointestinal tract, and pancreas, whereas the use of 
chewing tobacco and snuff causes primarily upper respiratory tract cancers. Second-hand smoke 
modestly increases the risk for lung cancer and appears to account for about 5000 cancer-related 
deaths in the United States annually. 


Alcohol, although not a carcinogen, is associated with development of cancer in the upper 
respiratory passages and esophagus, apparently by increasing the permeability of the mucosa to 
active carcinogens, especially in smokers. Alcoholic cirrhosis predisposes patients to 
hepatocellular carcinoma. 


Sun exposure dramatically increases the risk for squamous or basal cell carcinoma of the skin, 
and intermittent intense sun exposure, especially in childhood or adolescence, increases the risk 
for melanoma. The carcinogenic effects of sun exposure are the result of direct DNA damage to 
skin cells. Melanomas appear to be the result of genetic and environmental factors in addition to 
ultraviolet light exposure. 


Ionizing radiation is a well-established etiologic factor in the development of leukemia in 
populations exposed to the atomic bomb and in radiologists before the advent of safety measures. 
The cancer risk in individuals exposed to radiation appears to be higher when the same dose is 
accumulated for a short period rather than for long periods. Thyroid cancer risk is increased in 
individuals who were exposed to radiation during adolescence. Patients who have received 
radiation therapy (for example, survivors of Hodgkin lymphoma) have a lifelong increased risk 
for tumors originating in the irradiated field. 


Asbestos-related cancers of the lung, pleura, and abdominal peritoneum cause several thousand 
deaths every year. Most cases of mesothelioma occur in patients who were exposed to asbestos. 
Smoking in association with asbestos exposure increases the risk for lung cancer and 
mesothelioma. 


It is estimated that 17% of all new cases of cancer worldwide are due to infections. Viruses may 
increase cancer risk through cellular transformation, disruption of cell-cycle control, increased 
cell turnover rates, and immune suppression. Multiple links between infectious agents and cancer 
have been established, including human papillomavirus (HPV) with cervical and other anogenital 
cancers and oropharyngeal cancer; hepatitis B and C virus with hepatocellular carcinoma; human 
T-cell lymphotropic virus (HTLV-1) with adult T-cell leukemia; human immunodeficiency virus 
(HIV-I) with Kaposi sarcoma and non-Hodgkin lymphoma; human herpesvirus 8 (HHV-8) with 
Kaposi sarcoma and primary effusion lymphoma; and Epstein-Barr virus (EBV) with Burkitt 
lymphoma, Hodgkin lymphoma, posttransplantation lymphoma, and oro- and nasopharyngeal 
carcinomas. In addition, Robin Warren and Barry Marshall were awarded the Nobel Prize for 


Medicine or Physiology in 2005 for their discovery of an association between Helicobacter 
pylori and peptic ulcer disease and gastritis as well as gastric cancer. 


Most of these infectious agents are spread through contact with infected blood or body fluids, 
thus offering opportunities for prevention. Successful methods of prevention that have been 
widely implemented include vaccines for HPV and hepatitis B. Mucosa-associated lymphoid 
tissue non-Hodgkin lymphoma (NHL) often is eradicated with antibiotic-based therapy. 
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Genetic Susceptibility Risk Factors 


Individuals with certain germline heritable traits have a substantially increased susceptibility for 
cancer. These familial syndromes are relatively rare, accounting for less than 5% of all detected 
cancers. Individuals born with a critical tumor suppressor gene mutation have a “head start” in 
developing cancer. They are more susceptible to environmental carcinogens than are individuals 
without such genetic mutations. 


Penetrance, or the frequency of genotypic expression, is incomplete in individuals with tumor 
suppressor gene mutations, and cancer incidence in such individuals ranges from 30% to 85% 
depending on the type of genetic mutation. Penetrance is likely related to the specific mutation 
identified in a family as well as other genetic or environmental factors that affect disease 
expression. 
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Breast Cancer 


About 5% of breast cancer cases are attributable to rare, high-penetrance mutations in a few 
specific genes (for example, BRCA/, BRCA2, ATM, PTEN, and TP53); mutations in BRCA/ and 
BRCA2 account for up to 50% of cases of hereditary and familial breast cancer. This proportion 
is higher in patients with breast cancer at a younger age of onset and in families with multiple 
breast or ovarian cancer cases. Each gene shows some differences in the familial pattern of the 
cancer: BRCA/ is more strongly associated with ovarian cancer, BRCA2 with male breast cancer, 
ATM with radiosensitivity, PTEN with Cowden syndrome (including hamartomas of the skin and 
other organs), and p53 with Li-Fraumeni syndrome (which includes cancer of the brain, lung, 
and soft tissue). 
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Hereditary Colorectal Cancer Syndromes 


There are four primary hereditary colorectal cancer syndromes: familial adenomatous polyposis 
(FAP), hereditary nonpolyposis colorectal cancer (HNPCC), Peutz-Jeghers syndrome, and 
juvenile polyposis. Although less than 10% of colorectal cancer cases occur in individuals with 
high-penetrance genetic abnormalities, a mutation in the germline APC gene is a risk factor for 
FAP, and a mutation in the germline MSH2, PMS1, and PMS2 genes is a risk factor for HNPCC. 
Although HNPCC may be associated with frequent polypoid precursors of cancer, polyps occur 
much less commonly in HNPCC than in FAP. In addition to colorectal cancer, ovarian and 
endometrial cancer may be more common in individuals with HNPCC. 
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Risk Assessment and Genetic Counseling 


A cancer risk assessment should consist of questions about family history and lifestyle and a 
physical examination. Genetic counseling relies on education, risk assessment, and risk 
management to help individuals and their families cope with a disorder or the heightened risk for 
a disorder. The specific goals of the counseling process are to: (1) provide accurate information 
on the genetic, biologic, and environmental factors related to the individual’s risk of disease; (2) 
provide a sufficient understanding of the genetic basis of cancer to assist in decisions regarding 
genetic testing; (3) formulate appropriate options and recommendations for prevention and 
screening; (4) offer psychologic support to facilitate adjustment to an altered risk perception and 
to promote adherence to the recommended actions; and 5) avoid discrimination in regard to 
employment and insurance coverage if one is at increased risk for developing cancer. 
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Breast Cancer 


Introduction 


Epidemiology and Risk Factors 
Risk-Reduction Strategies 


Primary Therapy for Newly Diagnosed Invasive Breast Cancer 
Systemic Breast Cancer Therapy 

Metastatic Breast Cancer 

Follow-up Monitoring 


Quality of Life in Breast Cancer Survivors 


Key Points 


Older age, a family history of breast cancer, benign breast biopsy history, early 
menarche, nulliparity/late first birth, late menopause, radiation exposure, and alcohol are 
breast cancer risk factors in the general population. 

Limiting exogenous estrogen in combination with progestin is the best documented 
method for reducing breast cancer risk. 

Testing for BRCA/ and BRCA2 gene mutations should be done in women with personal 
or family history features suggestive of genetic breast or ovarian cancer and if the 
findings will help to establish the diagnosis or influence management. 

Women and their family members who may be at risk for BRCA/ and BRCA2 gene 
mutations should be referred to genetic counseling before and after genetic testing. 
Among BRCA carriers, the largest breast cancer risk reduction results from prophylactic 
mastectomy. 

The selective estrogen receptor modulators tamoxifen and raloxifene reduce the risk for 
new breast cancer by as much as 50%. 

In postmenopausal women, raloxifene is as effective as tamoxifen in reducing the risk for 
invasive breast cancer but is slightly less effective at reducing the risk for noninvasive 
breast cancer. 

Survival of patients who undergo breast-conserving therapy is equal to that of 
mastectomy, with improved cosmetic outcomes and less morbidity. 

Sentinel lymph node biopsy has replaced full axillary lymph node dissection for the 
staging of many women with early-stage, clinically lymph node-negative breast cancer. 
Local therapy for patients with ductal carcinoma in situ consists of breast-conserving 
therapy with lumpectomy plus radiation therapy or mastectomy, but not chemotherapy. 
Tamoxifen is indicated for patients with ductal carcinoma in situ after lumpectomy and 
radiation therapy to reduce the risk for local recurrences and second primary breast 
cancer. 


e Lymph node involvement and tumor size are the most important prognosticators used to 
determine the need for adjuvant therapy in patients with early-stage breast cancer. 

e Gene expression profiling is beginning to supplant the use of clinical prognostic factors 
in patients with breast cancer. 

e Endocrine therapy is beneficial only in patients with estrogen receptor- or progesterone 
receptor—positive tumors. 

e In premenopausal women with estrogen receptor-positive tumors, 5 years of tamoxifen is 
the standard adjuvant endocrine therapeutic regimen. 

e Aromatase inhibitors appear to be more effective in reducing recurrence risk than 
tamoxifen in postmenopausal women with estrogen receptor—positive breast cancer. 

e Trastuzumab may reduce the risk for breast cancer recurrence by 50% and mortality by 
possibly as much as 30%. 

e Routine bisphosphonate administration (pamidronate or zoledronic acid) reduces the 
incidence of morbidity, analgesic use, and fracture in patients with metastatic breast 
cancer. 

e Bisphosphonates may cause musculoskeletal symptoms, low-grade fever, and renal 
dysfunction (rarely), and have also been associated with osteonecrosis of the jaw in the 
setting of metastatic bone disease. 

e In the absence of suspicious symptoms, intensive laboratory and radiologic follow-up 
testing in survivors of early-stage breast cancer does not improve survival or quality of 
life. 

e For women with a history of breast cancer, estrogen-replacement therapy should be 
avoided. 

e Selective serotonin reuptake inhibitors may reduce the incidence of hot flushes in breast 
cancer survivors; however, caution is indicated in women taking tamoxifen. 

e Vaginal estrogen preparations may be helpful for women with vaginal dryness caused by 
breast cancer therapy, although systemic absorption of these agents is a concern. 

e Aromatase inhibitors can further increase the risk for osteoporosis in postmenopausal 
women with breast cancer. 

e Weight-bearing exercise, tobacco avoidance, and calcium/vitamin D supplementation are 
recommended osteoporosis risk-reduction measures. 

e Oral bisphosphonates are appropriate for postmenopausal women with a history of breast 
cancer who have evidence of progressive bone loss. 
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Introduction 


Breast cancer is the most common non-skin cancer malignancy diagnosed in women. In 2008, an 
estimated 184,000 cases of breast cancer were diagnosed and 41,000 patients died of the disease 
in the United States. 
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Epidemiology and Risk Factors 


The risk factors for breast cancer in the general population are older age, family history of breast 
cancer, specific benign breast biopsy conditions (atypical ductal hyperplasia, lobular carcinoma 
in situ), early menarche, nulliparity/late first birth, late menopause, radiation exposure (for 
example, Hodgkin lymphoma survivors), and alcohol. 


The Women’s Health Initiative (WHD indicates that limiting exogenous estrogen combined with 
progestin is the best documented method for reducing breast cancer risk. The effect of estrogen 
therapy alone (without progestin) on breast cancer risk is less clear. Data from the National 
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) registries showed a 
sharp decrease (6.7%) in the incidence of breast cancer in the United States in 2003, which has 
been attributed to a decrease in the use of hormone-replacement therapy. Data from 2004 showed 
little additional decrease in incidence compared with 2003. 


BRCAI and BRCA2 mutations lead to a significantly increased breast and ovarian cancer risk; 
however, this risk applies to less than 1% of the population excluding Ashkenazi Jewish women 
and members of high-risk populations, and less than 5% of all cases of breast cancer are 
attributed to germline abnormalities in these genes. 


Testing for BRCA/ and BRCA2 gene mutations should be done if (1) the individual has personal 
or family history of features suggestive of genetic cancer; and (2) the test results will help to 
establish the diagnosis or influence the management of the patient or family members at risk. 
According to the United States Preventive Services Task Force, family history patterns of 
increased risk for BRCA//BRCA2-associated breast cancer in non-Ashkenazi Jewish women 
include the following: 


e two first-degree relatives with breast cancer, in one of whom the diagnosis was 
established at age 50 years or younger; 

e acombination of three or more first- or second-degree relatives with breast cancer 
regardless of age at diagnosis; 

e acombination of breast and ovarian cancer among first- and second-degree relatives; 

e a first-degree relative with bilateral breast cancer; 

e acombination of two or more first- or second-degree relatives with ovarian cancer 
regardless of age at diagnosis; 

e a first- or second-degree relative with both breast and ovarian cancer at any age; or 

e a history of breast cancer in a male relative. 


A family history associated with an increased breast cancer risk in women of Ashkenazi Jewish 
descent includes any first-degree relative (or two second-degree relatives on the same side of the 
family) with breast or ovarian cancer. 


Such women and their families should be referred to a qualified genetic counseling program 
before and after testing. 
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Risk-Reduction Strategies 


The two most highly effective breast cancer risk-reduction strategies are surgical removal of 
breast tissue (prophylactic mastectomy) and endocrinologic manipulation using selective 
estrogen receptor modulators (SERMs). 


Among BRCA carriers, the largest risk reduction results from prophylactic mastectomy. 
Although this option is not acceptable to many women because of its resulting morbidity, 
bilateral prophylactic mastectomy as a prevention strategy is much more acceptable to BRCA 
mutation carriers who have an extraordinarily high lifetime risk of developing breast cancer. 
Premature cessation of ovarian function (through early menopause or oophorectomy) reduces 
breast cancer risk. In BRCA mutation carriers, oophorectomy is done to reduce the risk of 
ovarian cancer, and if done premenopausally, reduces breast cancer risk. 


The SERMs tamoxifen and raloxifene reduce the risk for new breast cancer by as much as 50%. 
For premenopausal women, tamoxifen is the only Food and Drug Administration—approved 
SERM for breast cancer prevention. For postmenopausal women, both tamoxifen and raloxifene 
are Food and Drug Administration—approved therapies. Use of these agents is approved for 
women with Gail model scores of greater than 1.7% for the risk of breast cancer over the next 5 
years (go to www.cancer.gov/bcrisktool/ for additional information on the Gail model). 


Raloxifene is as effective as tamoxifen in reducing the risk for invasive breast cancer but is 
slightly less effective at reducing the risk for noninvasive breast cancer; however, compared with 
tamoxifen, raloxifene is associated with less risk for thromboembolic events and cataracts; fewer 
hysterectomies from gynecologic problems such as bleeding; and fewer cases of endometrial 
cancer. Patient-reported outcomes show that those treated with raloxifene experienced more 
musculoskeletal symptoms, weight gain, and dyspareunia compared with those who received 
tamoxifen, whereas patients treated with tamoxifen reported more vasomotor symptoms, leg 
cramps, and bladder and gynecologic problems. 


The decision as to whether to choose tamoxifen or raloxifene in the prevention of invasive breast 
cancer in postmenopausal women should be made jointly between the physician and patient and 
should include a frank discussion of the benefits and side-effect profiles of these two agents. 
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Primary Therapy for Newly Diagnosed Invasive Breast 
Cancer 
Breast-conserving therapy consists of excision of the primary tumor followed by radiation to the 


remaining ipsilateral breast tissue. Randomized clinical trials have shown that the survival rate 
for women undergoing breast-conserving therapy is equivalent to that of those who undergo 


mastectomy, with breast-conserving therapy resulting in improved cosmetic outcomes and less 
morbidity than mastectomy. 


Although whole-breast radiation is considered a standard component of breast-conserving 
therapy, it may not be necessary for selected patients, such as elderly women with small, 
estrogen receptor (ER)—positive, lymph node-negative tumors, who are treated with endocrine 
therapy. Radiation therapy may cause both immediate and late side effects. 


Approximately 25% of women with breast cancer are not appropriate candidates for breast- 
conserving therapy because complete excision cannot be achieved unless mastectomy is 
performed or because radiation is contraindicated (Table 24). 


By decreasing tumor size, preoperative (neoadjuvant) chemotherapy allows a few patients with 
larger tumors to undergo postchemotherapeutic breast-conserving therapy, although this strategy 
has not resulted in improved survival compared with postoperative or adjuvant chemotherapy. 


Sentinel lymph node biopsy has replaced full axillary lymph node dissection for the staging of 
disease in many women with early-stage, clinically lymph node-negative breast cancer. The first 
draining (or sentinel) lymph node is identified by injecting blue dye and radioactive colloid into 
the tumor site. If the sentinel lymph node does not contain metastases, it is unlikely that more 
distal axillary lymph nodes will contain metastases; consequently, no further surgery is indicated 
in this setting, and the toxicity from a full axillary lymph node dissection is avoided. However, if 
the sentinel lymph node shows metastatic involvement, then axillary lymph node dissection is 
performed to determine the number of involved lymph nodes (which has prognostic value) and, 
possibly, to reduce the odds for recurrence. 


Most patients undergoing mastectomy do not require radiation to complete local therapy. 
However, radiation therapy to the chest wall and surrounding lymph nodes may be indicated 
after mastectomy, particularly for patients with large tumors (greater than 5 cm) or with four or 
more positive axillary lymph nodes. Postmastectomy radiation therapy for patients with one to 
three positive lymph nodes is controversial. 


The incidence of ductal carcinoma in situ (DCIS) has increased as a result of widespread 
screening interventions. Local therapy for patients with DCIS consists of breast-conserving 
therapy with lumpectomy plus radiation therapy or mastectomy. Chemotherapy is not indicated 
for patients with pure DCIS; however, tamoxifen is indicated for women with DCIS after 
lumpectomy and radiation therapy to reduce the incidence of local recurrences and second 
primary breast cancer. 


Table 24. Summary of Breast-Conserving Therapy 
Consensus Standards of Care 


Patient Selection Criteria Comments 


History and physical examination History of prior therapeutic radiation, collagen vascular disease, 
findings presence of breast implants, date of last menstrual period (i.e., 


Breast imaging results 
Histologic assessment of the resected 
breast specimen 
Assessment of needs and 
expectations 
Absolute Contraindications to 

Breast-Conserving Therapy 
Two or more primary tumors in 
separate breast quadrants 
Pregnancy (except in some cases in 
the third trimester, with radiotherapy 
deferred until after delivery) 
Mammogram showing diffuse 
malignant-appearing 
microcalcifications 
History of breast-region radiotherapy 
resulting in an unacceptably high 
cumulative radiation dose to the 
chest wall when combined with 
proposed treatment 
Repeated positive resection margins 
after reasonable re-excision attempts 
Relative Contraindications to Breast- 

Conserving Therapy 

Collagen vascular disease history 
Large tumor size in a small breast 


Breast size 


DCIS = Ductal carcinoma in situ. 


pregnant). Physical examination findings of tumor size and 
location, fixation to skin, ratio of breast to tumor size, evidence of 
multiple primary tumors, enlarged supraclavicular lymph nodes, 
evidence of locally advanced cancer (e.g. skin ulceration, peau 
d’orange, inflammatory carcinoma, fixed axillary lymph nodes, 
lymphedema of ipsilateral arm) 


Multicentricity, evidence of diffuse microcalcifications 


Margins of resection, extensive DCIS 


Patient preference 


Comments 


None 


None 


This often represents extensive DCIS within the breast 


Women treated for Hodgkin lymphoma with mantle radiation 
have a high incidence of breast cancer later in life 


Microscopic resection margins on the lumpectomy specimen are 
the major selection criteria for breast-conservation therapy 


Comments 


Scleroderma is the major concern 
Concern about significant cosmetic alteration 


Large pendulous breasts may lead to technical problems in 
reproducibility of patient set-up for radiation 


Information from Morrow M, Harris JR; American College of Radiology. Practice Guideline For 
Breast Conservation Therapy In The Management Of Invasive Breast Carcinoma. 


www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/breast/invasive_breast_c 
arcinoma.aspx. Revised 2006. Accessed January 22, 2008. 
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Systemic Breast Cancer Therapy 


e Adjuvant Systemic Therapy 
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Adjuvant Systemic Therapy 


Adjuvant systemic therapy is indicated for patients with early-stage breast cancer who are at 
significant risk for recurrence in a distant metastatic site. The purpose of adjuvant systemic 
therapy is to reduce the burden of clinically undetectable, distant micrometastatic disease. 
Estimating an individual patient’s risk of harboring clinically silent metastatic deposits based on 
established prognostic factors is essential. 


A prognostic factor is any measurement that correlates with disease-free or overall survival in the 
absence of therapy and therefore correlates with the natural history of the disease. Conversely, a 
predictive factor is any measurement that predicts response to a given therapy. Examples of 
prognostic factors include lymph node status and tumor size, whereas an example of a predictive 
factor is the presence or absence of hormone receptors (such as in predicting the benefit of 
endocrine therapy) or HER2/neu overexpression (such as in predicting the benefit of 
trastuzumab). Factors such as HER2/neu expression may be prognostic and predictive. 


The most important prognostic factors used to determine the need for adjuvant therapy in 
patients with breast cancer are lymph node involvement and tumor size. The use of genomic 
profiling, which evaluates individual gene expression at a molecular level in a patient’s tumor to 
determine the prognosis and benefits in patients who undergo adjuvant chemotherapy— 
particularly those with lymph node-negative, ER-positive cancer—is increasing. 


Endocrine therapy is beneficial only in patients with ER-positive or progesterone receptor (PR)- 
positive tumors. In premenopausal women with ER-positive and PR-positive tumors, 5 years of 
tamoxifen is the standard adjuvant endocrine therapeutic regimen; treatment longer than 5 years 
with this drug is not recommended. Several large, prospective, randomized trials have shown that 
the aromatase inhibitors, such as anastrozole, letrozole, or exemestane, appear to be more 
effective in reducing risk for recurrence than is tamoxifen in postmenopausal women with ER- 
positive breast cancer. Although the aromatase inhibitors do not increase the risk for 
thromboembolic disease or endometrial cancer, they are associated with postmenopausal 
symptoms such as hot flushes, musculoskeletal symptoms such as arthralgia, and an increased 
risk for osteoporosis. The American Society of Clinical Oncology has suggested that “adjuvant 
therapy for postmenopausal women with hormone receptor—positive breast cancer should include 
an aromatase inhibitor to lower the risk of tumor recurrence”; however, the optimal strategy 
(primary therapy with an aromatase inhibitor vs. sequential therapy with tamoxifen followed by 


an aromatase inhibitor) is currently unclear. Aromatase inhibitors are contraindicated in 
premenopausal women because reduced feedback of estrogen to the hypothalamus and pituitary 
gland leads to an increase in gonadotropin secretion with potential adverse effects. 


Adjuvant chemotherapy generally consists of 2 to 6 months of treatment with two or more 
agents, administered concurrently or sequentially. Therapy is generally individualized based on 
prognostic factors such as lymph node status. Commonly used agents include cyclophosphamide, 
doxorubicin or epirubicin, methotrexate, 5-fluorouracil, and one of the taxanes (docetaxel or 
paclitaxel). But what the optimal regimen is remains controversial. 


Common chemotherapeutic side effects include nausea, vomiting, alopecia, and peripheral 
neuropathies. Rare (<1%) life-threatening toxicities include neutropenia with associated 
infection, thrombocytopenia with associated hemorrhage, anthracycline-induced 
cardiomyopathy, and secondary malignancies, especially leukemia and myelodysplastic 


syndromes (see Oncologic Urgencies and Emergencies). 


HER2 is a member of the epidermal growth factor receptor family of tyrosine kinases and is 
amplified or overexpressed in 20% to 30% of breast cancers. Trastuzumab is a humanized 
monoclonal antibody to the HER2 receptor. Several large, randomized trials have demonstrated 
that 52 weeks of adjuvant trastuzumab therapy reduces the risk for breast cancer recurrence by 
approximately 50% and may even reduce mortality by as much as 30%. Trastuzumab has been 
associated with induction of heart failure, particularly when used concurrently with an 
anthracycline. Patients should undergo monitoring of left ventricular function before trastuzumab 
treatment, and frequently during and after trastuzumab treatment. 


Depending on their prognosis, patients with ER-positive tumors may receive endocrine treatment 
alone or chemotherapy and endocrine treatment. In general, adjuvant chemotherapy is considered 
for patients with tumors of 1 cm or greater in size. Computerized programs are now available to 
assist in decision-making for adjuvant therapy (www.adjuvantonline.com/index.jsp). 
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Metastatic Breast Cancer 


Metastatic breast cancer is generally incurable with currently available therapies, although 
systemic therapy may improve the survival of some patients and palliate symptoms for many 
more. Minimizing toxicity and maintaining a good quality of life are extremely important issues 
in these patients. Patients with ER—positive tumors are usually managed, at least initially, with 
serial endocrine therapies, including tamoxifen, aromatase inhibitors, fulvestrant (an ER down- 
regulator), and megestrol acetate. Patients whose tumors are ER-negative or are refractory to 
endocrine treatment are eligible to receive chemotherapy in the form of sequential single agents 
or as combination therapy. 


Trastuzumab is active alone and in combination with chemotherapy for patients with HER2- 
positive metastatic breast cancer, resulting in tumor shrinkage and prolonged survival. Patients 


who receive trastuzumab should undergo careful evaluation for signs of cardiotoxicity (see 
Adjuvant Systemic Therapy). Trastuzumab should not be given concurrently with anthracycline 
agents. 


For patients with metastatic bone disease, routine administration of an intravenous 
bisphosphonate, either pamidronate or zoledronic acid, reduces the incidence of morbidity 
(including bone pain), analgesic use, and fracture. Although the most common toxicities of these 
drugs are musculoskeletal symptoms and low-grade fever, rarely, renal dysfunction can occur. 
Osteonecrosis of the jaw (Figure 27) is also an emerging bisphosphonate-induced toxicity in the 
setting of metastatic bone disease, but its incidence is currently unclear. The benefits of 
bisphosphonates in the adjuvant setting to reduce recurrences and prevent osteoporosis are 
currently being studied. 


Figure 27. Osteonecrosis of the jaw, a complication related 
to bisphosphonate therapy. 


PreviousNext 


Follow-up Monitoring 


In the absence of suspicious symptoms, intensive laboratory and radiologic follow-up testing to 
detect metastases in patients with early-stage breast cancer after systemic therapy has not 
demonstrated a survival or quality-of-life benefit. Therefore, the standard posttherapy follow-up 
monitoring of these patients should address long-term complications of therapy, quality-of-life 
issues, and routine medical care. The American Society of Clinical Oncology recommends 
monthly breast self-examination, annual mammography of the preserved and contralateral breast, 
and a careful history and physical examination every 3 to 6 months for 3 years, then every 6 to 
12 months for 2 years, and then annually. The role of MRI breast imaging in patients at high risk 
for breast cancer, particularly those with a personal history of breast cancer, is controversial and 
continues to be studied. 
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Quality of Life in Breast Cancer Survivors 


Nearly 80% of women with early-stage breast cancer achieve long-term disease-free and overall 
survival after local and systemic therapy; however, many women experience therapy-related 
bodily changes, including chemotherapy-induced menopause, endocrine-induced menopause-like 
symptoms, and weight gain. Recent studies have focused on the effects of systemic therapy, 
particularly chemotherapy, on cognitive function. 


For women with a history of breast cancer, estrogen-replacement therapy should be avoided 
because of the increased risk for inducing a breast cancer recurrence or a second primary breast 
cancer. Selective serotonin reuptake inhibitors are useful in reducing the incidence of hot flushes 
in breast cancer survivors; however, some of these drugs can lead to a pharmacologic drug 
interaction resulting in reduced efficacy of tamoxifen and should therefore be avoided in patients 
taking this agent. Because selective serotonin reuptake inhibitors inhibit CYP2D6 enzymes, 
which are responsible for conversion of tamoxifen to endoxifen, reduced levels of endoxifen 
have been reported in patients who take tamoxifen concurrently. Vaginal estrogen preparations 
may be used for the treatment of vaginal dryness, although systemic absorption of these agents is 
a concern. Over-the-counter, nonhormonal, vaginal lubricants administered at the time of 
intercourse are also helpful for many women with these symptoms. 


Osteoporosis is a major concern for women who have undergone natural or therapy-induced 
menopause, and the aromatase inhibitors can further increase this risk. Periodic screening for 
osteoporosis with dual-energy X-ray absorptiometry scanning is therefore recommended in this 
setting. Healthy lifestyle habits, including weight-bearing exercise, tobacco avoidance, and 
calcium/vitamin D supplementation, are routinely recommended for all patients with breast 
cancer who are at risk for osteoporosis. If evidence of progressive bone loss persists despite these 
strategies, the use of oral bisphosphonates is recommended. Raloxifene is specifically approved 
for the treatment of osteoporosis; however, there are no data regarding its efficacy as adjuvant 
therapy for breast cancer, and it therefore should not be substituted for tamoxifen in this setting. 


Raloxifene and tamoxifen or an aromatase inhibitor should not be given concomitantly, and 
raloxifene should not be used after 5 years of tamoxifen use. 
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Key Points 


Parity and oral contraceptive use are associated with a decreased risk for ovarian cancer. 
Ovarian cancer screening is not recommended for the general population. 

The ovarian cancer risk reduction achieved by prophylactic salpingo-oophorectomy is 
approximately 90%. 

Oral contraceptives may reduce the risk for ovarian cancer by 30% to 60%. 

A markedly elevated CA-125 concentration in a postmenopausal woman with an adnexal 
mass strengthens the presumptive diagnosis of ovarian carcinoma, but elevated CA-125 is 
not specific for or diagnostic of cancer. 

More than 70% of women with ovarian cancer have metastatic disease beyond the pelvis 
at diagnosis. 

The first and most important step in treatment of ovarian cancer is maximal surgical 
cytoreduction performed by a trained gynecologic oncologist with comprehensive staging 
at laparotomy. 

Detailed tissue sampling is mandatory during cytoreduction surgery because up to 30% of 
patients with disease grossly confined to the ovary have micrometastatic disease. 


In patients with ovarian cancer, there is a 4.1% increase in median survival time for each 
10% increase in maximal cytoreduction. 

Maximal cytoreduction preferably by a trained gynecologic oncologist is one of the most 
powerful determinants of survival in patients with advanced-stage ovarian cancer. 
Standard therapy for patients with advanced-stage ovarian cancer consists of a platinum- 
based agent plus paclitaxel. 

Intraperitoneally plus intravenously delivered chemotherapy confers a significant survival 
advantage but greater toxicity compared with intravenously delivered chemotherapy in 
patients with ovarian cancer. 

Second-look ovarian cancer surgery is no longer in favor because it does not affect 
survival. 

Patients with relapsed ovarian cancer who are being considered for surgery may 
experience enhanced survival if they undergo comprehensive secondary cytoreduction. 
Platinum-based doublets are the treatment of choice for patients with ovarian cancer who 
relapse 6 months or more after completion of front-line therapy unless contraindicated. 
Which drugs have already been used, residual toxicities from the prior regimens, current 
status of the gastrointestinal tract, convenience, and the toxicities of remaining options 
should be considered when choosing drugs for patients with relapsed ovarian cancer who 
are no longer platinum-responsive. 

In the follow-up management of patients with ovarian cancer, laboratory and imaging 
studies should be performed only when clinically indicated. 

Weekly or twice-weekly paracentesis is often required in patients with ovarian cancer— 
induced ascites to provide comfort. 

Patients with end-stage ovarian cancer who have a bowel obstruction are given the option 
of draining gastrostomy tube placement before entering hospice care. 

For a single-focus bowel obstruction in patients with ovarian cancer, surgery may be 
indicated, especially in settings in which postoperative chemotherapy is still likely to be 
active. 
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Introduction 


Ovarian cancer is the fifth leading cause of cancer-related death among women after lung, breast, 
colorectal, and pancreatic cancer. It is a disease of older women, with a median age at onset of 
61 years. This disease occurs rarely in women younger than 40 years except for cases with a 
hereditary disposition. 


Tumors of low malignant potential represent about 15% of cases of ovarian cancer and usually 
occur in younger women (median age, 49 years). Histologically, these tumors, also called 
“borderline tumors,” are characterized by atypical epithelial proliferation without stromal 
invasion. 
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Risk Factors 


Hereditary-based ovarian cancer represents approximately 5% to 10% of cases, most commonly 
due to BRCA/ and BRCA2 gene mutations, and also is occasionally part of the phenotype of 
hereditary nonpolyposis colorectal cancer syndrome (see Breast Cancer). 


Some risk factors for ovarian cancer may be environmental (for example, a high-fat diet), 
although these risk factors are not well defined (Table 25). Parity is associated with a 30% to 
45% reduction in ovarian cancer risk compared with nulliparity, and each additional birth 
decreases the risk by another 10% to 15%. Oral contraceptive use decreases ovarian cancer risk 
by 30% to 60% depending on duration of use. In women who took oral contraceptives for at least 
5 years, the protective effect may last up to 20 years after last use. Sharply rising pituitary 
gonadotropin levels and decreasing estrogen contribute to increased ovarian cancer incidence 
beginning at menopause. 


Ovarian cancer screening is not recommended for the general population because no tests or 
series of tests are sufficiently sensitive or specific enough to establish a diagnosis, and no data 
have shown a survival benefit resulting from earlier diagnosis and therapy. Women who are at 
high risk for this disease because of hereditary factors should undergo pelvic examinations, CA- 
125 measurement, and transvaginal ultrasonography every 6 to 12 months, usually beginning at 
age 35 years or 5 to 10 years earlier than the earliest age at diagnosis of ovarian cancer in a 
family member according to a National Institutes of Health Consensus Conference panel of 
experts. Currently, no data conclusively show that this screening strategy affects survival. 


Prophylactic bilateral salpingo-oophorectomy prior to age 40 is strongly recommended for 
women with a family history of ovarian cancer, particularly for BRCA/ or BRCA2 carriers who 
want to diminish their risk for developing this disease. This procedure is the only known reliable 
strategy for risk reduction, reducing risk by approximately 90%. A small (2%) risk for 
developing primary peritoneal carcinomatosis after bilateral salpingo-oophorectomy remains, 
suggesting that the genetic defect may involve the entire epithelial lining of the abdominal 
cavity. An additional benefit of prophylactic oophorectomy is the 50% decrease in breast cancer 
risk it confers in this high-risk population. It is not clear whether women with a high genetic risk 
of ovarian cancer should be treated with oral contraceptives. 


Table 25. Putative Ovarian Cancer Risk Factors 


Nulliparity 

Hormones 

Endogenous (increased gonadotropin) 
Exogenous (mixed findings) 
Environmental 

Diet (high fat) 

Talc 

Asbestos 


Chronic Inflammation 

Endometriosis 

Pelvic inflammatory disease 

Hereditary (only truly established risk factor) 
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Diagnosis and Staging 


Patients with ovarian cancer have vague symptoms that often are not apparent until late in the 
disease owing to the free-floating position of the ovaries within the peritoneal cavity; 
consequently, more than 70% of women with ovarian cancer have metastatic disease beyond the 
pelvis at presentation. Ovarian cancer symptoms include changes in urinary patterns, abdominal 
and/or pelvic pain, bloating, early satiety, increasing abdominal girth, difficulty breathing owing 
to ascites formation, and changes in bowel function, including a complete or partial obstruction. 


On physical examination of patients with ovarian cancer, abdominal distention and a fluid wave 
may be detected. Chest examination may disclose dullness to percussion resulting from pleural 
effusion(s). Because the normal postmenopausal ovary is not palpable, any palpable adnexal 
mass found during the pelvic examination of postmenopausal women should be considered 
suspicious, requiring a workup and, often, removal. Such a finding in a premenopausal woman 
may represent a functional cyst, and such patients may be observed for a menstrual cycle or two 
after additional evaluation, such as pelvic or transvaginal ultrasonography, is performed. 
Additionally, the finding of nodularity in the cul-de-sac, ascites, and an abdominal mass should 
be evaluated for the possibility of ovarian cancer in any woman. Vaginal discharge is uncommon 
in patients with ovarian cancer. 


A markedly elevated CA-125 concentration in a postmenopausal woman with an adnexal mass 
strengthens the presumptive diagnosis of ovarian cancer; however, abnormal levels of CA-125 
are not specific for cancer, and this test alone is not used to establish the diagnosis. CA-125 can 
be elevated in nonmalignant conditions, such as uterine leiomyomata, endometriosis, pregnancy, 
liver disease, and inflammation or irritation of the peritoneal lining. 


Pelvic ultrasonography is often the first imaging study performed for purposes of documenting a 
mass in patients with ovarian cancer because many gynecologists can perform this test in their 
offices. CT of the abdomen and pelvis may be helpful in evaluating the remainder of the 
peritoneal cavity. Usually, MRI does not provide additional information in the evaluation of 
patients with ovarian cancer. Positron emission tomographic scanning in ovarian cancer is 
fraught with a high rate of false-positive and false-negative results. 


Staging is performed at the time of initial surgery concurrently with tumor debulking (also 
termed “surgical cytoreduction”). Detailed tissue sampling is mandatory during surgery because 


up to 30% of patients with disease grossly confined to the ovary will have metastatic disease 
(Table 26). Studies have shown that the best results are obtained when this procedure is 
performed by a trained gynecologic oncologist. Patients with true stage I disease with well- 
differentiated tumors have a greater than 90% survival rate, even without adjuvant chemotherapy 
(Table 27). 


In the rare patients in whom full staging and debulking surgery cannot be performed because of 
poor prognosis, neoadjuvant therapy (chemotherapy administered prior to debulking surgery) 
may facilitate cytoreduction after therapy. 


Table 26. Components of Laparotomy for Ovarian Cancer 


En bloc resection of primary tumor, ovaries, and uterus 
Partial infracolic omentectomy 

Selective lymphadenopathy 

Bowel resection (as indicated) 

Sampling of undersides of diaphragms 

Selective lymphadenectomy (pelvic and para-aortic) 
Removal of all other resectable tumor 

Appendectomy 


Table 27. Staging, Treatment, and Prognosis of Ovarian 
Cancer 


Stage Histologic Description Typical Therapy 5-Year 
Survival 
(%) 
I Limited to the ovaries Low risk? — surgery only >90 


High risk? — surgery followed by 75-80 


chemotherapy* 

II Pelvic extension Surgery followed by 60-70 
chemotherapy* 

II Peritoneal implants outside the pelvis Surgery followed by 25-40 


and/or retroperitoneal or inguinal lymph chemotherapy“ 
nodes, or superficial liver metastases 
IV Distant metastases Surgery (dependent on 10-15 
distribution and resectability of 
disease) and chemotherapy“ 


“Low risk: grade 1. 


High risk: grade 3 or clear cell histology and/or stage IC or II. 
“Chemotherapy usually consists of some form of a platinum/taxane doublet. 


“Chemotherapy can be given either intravenously or intraperitoneally in patients who have been 
optimally debulked (no residual disease greater than 1 cm). 
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Treatment 


e Surgical Cytoreduction 
e Chemotherapy 
e Second-Look Ovarian Cancer Surgery 
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Surgical Cytoreduction 


In most other solid tumors, anything short of complete surgical resection will have no impact on 
survival. However, ovarian cancer is unique in that maximal surgical cytoreduction of all tumor 
sites is associated with increased survival. The goal of such surgery is to achieve no visible 
residual disease. A large (>6000 patients) meta-analysis found that for each 10% increase in 
maximal cytoreduction, there was a 4.1% increase in median survival time. Optimal debulking, 
defined as no residual single lesion being greater than | cm, occurs in approximately 82% of 
patients when performed by a gynecologic oncologist compared with 29% when performed by 
physicians from other surgical specialties. Maximal cytoreduction was one of the most powerful 
determinants of survival among patients with advanced-stage disease in a population uniformly 
treated with platinum-based chemotherapy. 
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Chemotherapy 


e High-Risk, Early-Stage Disease 
e Advanced-Stage Disease 
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High-Risk, Early-Stage Disease 


Well-staged patients with grade 1, stage I (A or B) disease require no postoperative 
chemotherapy. Whether patients with stage I, grade 2 disease require adjuvant chemotherapy 
remains controversial. Patients with high-risk, early-stage disease defined as stage IC or II 
disease, grade 3 tumor, or clear-cell histology should receive adjuvant chemotherapy because 
they have a 30% to 40% relapse rate. All patients with relapsed disease will go on to die of their 
disease. 


Recently, two large randomized European trials were conducted comparing surgery alone with 
surgery followed by chemotherapy in patients with early-stage, high-risk (grade 3, clear-cell 
histology, and/or stage IC or II) ovarian cancer. Although there was no statistically significant 
difference in survival in one of those trials in which patients underwent more complete staging, 
there was an increment of 11% for disease-free survival and 8% for overall survival in patients 
who received chemotherapy postoperatively when the studies were analyzed together. Another 
trial suggests that three cycles of chemotherapy seem as effective as six in patients with high- 
risk, early-stage disease. 
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Advanced-Stage Disease 


Research supporting the modern era of chemotherapy for ovarian cancer began with the 
Gynecologic Oncology Group 111 trial, which compared patients who received combination 
cisplatin plus paclitaxel with a control group of patients receiving combination cisplatin plus 
cyclophosphamide. The cisplatin-paclitaxel—containing arm had a higher response rate, complete 
response rate, progression-free survival, and overall survival compared with the control group. 
As a result of this study and others, paclitaxel combined with either cisplatin or carboplatin has 
become the standard of care for the treatment of advanced-stage ovarian cancer. 


Because ovarian cancer is primarily confined to the abdominal cavity, intraperitoneal 
chemotherapy has been added to systemic chemotherapy in patients with minimal residual 
disease. The Gynecologic Oncology Group 172 trial demonstrated a significant survival 
advantage of intraperitoneally plus intravenously delivered chemotherapy (IP arm) versus 
intravenously delivered chemotherapy only (66 months vs. 50 months; P = 0.03). However, 
toxicity was increased, and only 42% of patients assigned to the IP arm completed their assigned 
chemotherapy. 


No clear consensus exists on the role of maintenance chemotherapy, which is not now the 
standard of care but is still being evaluated in ongoing randomized clinical trials. 
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Second-Look Ovarian Cancer Surgery 


Second-look surgery refers to the surgical re-exploration of patients with ovarian cancer after 
completion of chemotherapy to pathologically confirm the presence of a complete remission. 
This surgery has fallen from favor as part of standard practice because it has been shown to have 
no impact on survival. In addition, 50% of the patients who have no evidence of disease at the 
time of second-look surgery will still relapse. 
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Management of Recurrent Ovarian Cancer 


e Surgery 
e Chemotherapy 
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Surgery 


Retrospective studies suggest that patients with ovarian cancer who undergo surgery for relapsed 
disease (an approach also termed “secondary cytoreduction”) may experience enhanced survival 
if they can be completely cytoreduced again. Surgery should be considered for patients with a 
solitary focus of recurrence at a site amenable to resection, a long disease-free interval (>12 
months) before recurrence, good performance status, and few comorbidities, although there are 
no randomized trials supporting these criteria. National Comprehensive Cancer Network 
guidelines recommend resection of recurrent disease if it is a focal recurrence of low volume 
after a disease-free interval of at least 6 months. 
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Chemotherapy 


The goals of therapy in the recurrent setting are to control disease, maintain quality of life, and 
extend survival. The platinum-free interval is the time from the completion of primary platinum- 
based treatment to the time of recurrence. This characteristic is the major determinant for 
choosing the subsequent antineoplastic drugs or agents in the treatment of ovarian cancer, 
because platinum compounds remain the preferred drugs for patients deemed to have platinum- 
sensitive disease. Patients who relapse longer than 6 months after the completion of primary 
chemotherapy are considered to be platinum-sensitive, with response rates increasing with 
lengthening platinum-free intervals based on several retrospective studies. Response rates to 
platinum compounds exceed all other agents once the platinum-free interval is longer than 12 


months. In recent years, platinum-containing doublets have been shown to be superior to 
platinum alone in large, randomized trials. In a trial of 800 patients with relapsed disease, a 
statistically significant improvement in progression-free survival and overall survival was 
reported in women who received combined carboplatin plus paclitaxel compared with 
carboplatin alone. Administration of the combination regimen was complicated mostly by 
worsening neuropathy. 


There are multiple nonplatinum agents for treating patients with recurrent ovarian cancer who 
are no longer responsive to platinum-based therapy. Choosing the appropriate agent for these 
patients should be based on which drugs have already been used, residual toxicities from prior 
regimens, current gastrointestinal tract status, convenience, and the toxicities of remaining drug 
options. Multiple new molecularly targeted agents are being evaluated initially in the setting of 
relapse. The most promising of these agents has been bevacizumab, a humanized monoclonal 
antibody against vascular endothelial growth factor. 
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Monitoring and Follow-up 


The National Comprehensive Cancer Network recommends that once a woman with ovarian 
cancer achieves a complete response, she should undergo physical examination and be asked to 
provide an interim history every 2 to 4 months for 2 years, then every 6 months for 3 years, and 
then annually. Serologic CA-125 concentration should be measured at each visit if initially 
elevated. Complete blood count and other serum chemistries should be evaluated as clinically 
indicated. There are no specific recommendations regarding imaging studies, such as abdominal 
CT, MRI, or PET, other than to perform them as clinically warranted. 
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Supportive Care 


Supportive care of patients with ovarian cancer most frequently involves patients receiving 
chemotherapy and includes monitoring and support of blood counts, proper mouth care, and, 
when appropriate, catheter maintenance. Patients with refractory ascites present a more unique 
problem; they feel bloated, are unable to eat, and often experience dyspnea because they cannot 
fully expand their lungs because of limited excursion of the diaphragm. This condition often 
develops late in the disease when the cancer no longer is responsive to chemotherapy. Weekly or 
twice-weekly paracentesis is often required in these patients to provide comfort. Patients with 
ovarian cancer also experience large protein losses due to drainage procedures in addition to poor 
nutrition, which contributes to worsening third-space fluid. 


Another relatively common complication of ovarian cancer requiring special supportive care is 
bowel obstruction caused by mass effect of carcinomatosis. These patients often have end-stage 


disease and are given the option of draining gastrostomy tube placement before they enter 
hospice care. For a single-focus bowel obstruction, surgery may be indicated, especially in 
settings in which postoperative chemo-therapy is still likely to be active. 
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Gastrointestinal Malignancies 


e Colorectal Cancer 
e Gastric Cancer 


e Esophageal Cancer 
e Pancreatic Cancer 


Key Points 


e Administering monoclonal antibodies such as bevacizumab and cetuximab with standard 
chemotherapy has improved overall survival in patients with metastatic colorectal cancer. 

e Oxaliplatin, a cytotoxic agent with proven effectiveness in the metastatic setting, has 
been shown to be beneficial in adjuvant therapy for colon cancer. 

e Stage for stage, rectal cancer has a poorer prognosis than colon cancer because the 
retroperitoneal location of the rectum and its lack of a serosa result in a high local 
recurrence rate. 

e Postresection surveillance of patients with colorectal cancer is important because up to 
25% of patients with limited distant recurrence can undergo surgery with curative intent. 

e The survival rate in colorectal cancer increases with the number of lymph nodes 
analyzed, whether or not the lymph nodes are positive for metastatic disease; therefore, at 
least 12 lymph nodes should be examined for accurate staging. 

e Neoadjuvant and adjuvant chemotherapy and radiation therapy improve overall survival 
in patients with resectable gastric cancer; however, relapse remains high. 

e Serum vitamin Bj concentration should be monitored in patients who have undergone 
proximal or total gastrectomy. 

e Smoking and alcohol use are risk factors for squamous cell carcinoma of the esophagus. 

e Gastroesophageal reflux disease and Barrett esophagus are risk factors for 
adenocarcinoma of the esophagus. 

e Chemoradiation therapy followed by surgery is superior to surgery alone in the treatment 
of esophageal cancer. 

e Neoadjuvant chemotherapy with or without radiation therapy is typically used for locally 
advanced but potentially resectable or locally advanced unresectable pancreatic cancer. 

e Pancreatic cancer has an extremely poor prognosis; newer targeted therapies have failed 
to add any substantial benefit to standard gemcitabine. 
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Colorectal Cancer 


In 2008, there were approximately 149,000 new cases of colorectal cancer in the United States, 
making it the fourth most common malignancy behind lung, prostate, and breast cancer. 
Approximately 50,000 patients died of colorectal cancer, making it the second leading cause of 
cancer-related death in the United States behind lung cancer. The incidence of colorectal cancer 
in the United States appears to be declining, although there is a shift toward more proximally 
located tumors. Identification and removal of premalignant polyps as a result of screening 
sigmoidoscopy and colonoscopy may explain the declining incidence. 


There are various hereditary cancer syndromes that predispose affected persons to colorectal 
cancer (see Cancer Risk). Inflammatory bowel disease (Crohn disease and ulcerative colitis) also 


predisposes patients to colorectal cancer. However, most colorectal cancers are sporadic. A 
personal history of adenomatous polyps or polyps with villous or tubulovillous histology or a 
history of such polyps in a first-degree relative increases the relative risk for colorectal cancer. 
Other risk factors include diabetes mellitus, obesity, and the use of tobacco and alcohol. 
Although some studies have shown that a diet high in red meat is a risk factor for colorectal 
cancer, the overall evidence about dietary factors remains inconclusive. However, diets high in 
fiber, including fruits and vegetables, may be protective. The lifetime risk for colorectal cancer is 
1 in 18, and the risk increases with age. 


Signs and symptoms of colorectal cancer include anemia as a result of occult blood loss, melena, 
hematochezia, abdominal pain, and a change in bowel habits. Patients with metastatic disease 
often have right upper quadrant pain, abdominal bloating, early satiety, and weight loss. Surgical 
resection is the primary curative therapy, but 40% to 60% of patients who undergo surgical 
resection for cure relapse, usually within the first 3 years and peaking in the second year after 
resection. 
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Staging 


The four-stage American Joint Committee on Cancer (AJCC) TNM (tumor, node, metastasis) 
staging system has replaced the Dukes classification and staging system for colorectal cancer 
(Table 28 and Table 29). Pathologic staging is performed on the surgical specimens and is 
important for defining prognosis and for identifying patients who may benefit from adjuvant 
chemotherapy. The survival rate increases with the number of lymph nodes analyzed, whether or 
not the lymph nodes are positive for metastatic disease; therefore, at least 12 lymph nodes should 
be examined for accurate staging. Additional features associated with risk of recurrence include 
obstruction or perforation at presentation, tumor adherence to other organs, positive radial 
margins, poorly differentiated histology, and the presence of lymphovascular or perineural 
invasion. 


Table 28. The AJCC TNM Staging and Dukes Staging for 
Colorectal Cancer 


Stage AJCCTNM_ Dukes 5-Year Survival Rate (%) 
I T1-2, NO, MO A 93 

HA T3,N0, MO B 84.7 
IB T4, NO, MO B 72.2 
IA T1-2,N1, MO C 83.4 
IMB T3-4, N1, MO C 64.1 
IC Tany, N2,MO C 44.3 
IV Tany,N any, M1 - 8.1 


AJCC = American Joint Committee on Cancer; TNM = tumor, node, metastasis. 


Table 29. The AJCC TNM Definitions for Colorectal Cancer 


Primary Tumor (T) 
TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
Tis: Carcinoma in situ: intraepithelial or invasion of the lamina propria 
T1: Tumor invades submucosa 
T2: Tumor invades muscularis propria 


T3: Tumor invades through the muscularis propria into the subserosa or into nonperitonealized 
pericolic or perirectal tissues 


T4: Tumor directly invades other organs or structures and/or perforates visceral peritoneum 
Regional Lymph Nodes (N) 

NX: Regional nodes cannot be assessed 

NO: No regional lymph node metastasis 

N1: Metastasis in one to three regional lymph nodes 

N2: Metastasis in four or more regional lymph nodes 

Distant Metastasis (M) 

MX: Distant metastasis cannot be assessed 

MO: No distant metastasis 


M1: Distant metastasis 


AJCC = American Joint Committee on Cancer; TNM = tumor, node, metastasis. 


PreviousNext 


Adjuvant Therapy of Colon Cancer 


The goal of postoperative adjuvant therapy is to eradicate micrometastases and thereby to 
improve the postresection survival rate. Patients with lymph node-positive disease (stage III) 
benefit from adjuvant chemotherapy. Adjuvant therapy for patients with stage II colon cancer is 
controversial. However, there are patients with high-risk disease (T4 lesions, poorly 
differentiated histology, or inadequately sampled lymph nodes) who may benefit from adjuvant 
therapy. There are ongoing studies using molecular genetic factors to identify which patients 
with stage II disease are at higher risk for recurrence and more likely to benefit from adjuvant 
chemotherapy. 


The most active chemotherapeutic agent in colon cancer is 5-fluorouracil (5-FU), which inhibits 
thymidylate synthase, the rate-limiting enzyme in pyrimidine nucleotide synthesis. 5-FU is 
usually administered with leucovorin, a reduced folate that stabilizes the binding of 5-FU to 
thymidylate synthase, thereby enhancing the inhibition of DNA synthesis. There is now available 
an oral fluoropyrimidine, capecitabine, a prodrug of 5-FU, which is converted to 5’- 
deoxyfluorocytidine in the liver and is in turn converted to 5’-deoxyfluorouridine in tissues. The 
final conversion to active 5-FU is by thymidine phosphorylase, an enzyme expressed in high 
levels within the tumor microenvironment. 


The chemotherapy choices in the adjuvant setting include 5-fluorouracil (5-FU), often given by 
continuous infusion and with leucovorin to enhance its activity. Oral capecitabine, a prodrug of 
5-FU, is replacing prolonged infusional 5-FU in many chemotherapy regimens. The newest agent 
used in the adjuvant setting in colon cancer is oxaliplatin, a diaminocyclohexane platinum 
derivative that impairs DNA synthesis. A multicenter international study of oxaliplatin, 5-FU, 
and leucovorin (FOLFOX) for adjuvant treatment of patients with stage II and stage III colon 
cancer showed an improvement in disease-free survival at 4 years for patients with stage II 
disease (85% versus 81%) and stage III disease (70% versus 61%). The benefits of adding 
oxaliplatin to 5-FU and leucovorin were confirmed in a subsequent study. The FOLFOX regimen 
has therefore been approved for adjuvant chemotherapy in patients with stage II and III colon 
cancer. 
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Rectal Cancer 


There were an estimated 41,420 new cases of rectal cancer and 8500 deaths from rectal cancer in 
the United States in 2008. Approximately 30% of all colorectal cancers are located in part or 
entirely below the peritoneal reflection. Endoscopic ultrasound is more accurate than CT scan or 
MRI for determining T stage and as accurate as these modalities for determining nodal 
involvement. Surgery is the mainstay of therapy for both colon and rectal cancer, but because the 
rectum is a retroperitoneal organ without a serosa, obtaining wide margins at resection is 
technically difficult; there is, therefore, a higher incidence of local recurrence. 


Because 75% of patients with rectal cancer die with both local and distant recurrence and only 
25% with solely distant recurrences, the goal of adjuvant therapy for rectal cancer is to decrease 
the risk for both. Radiation therapy is often used in patients with rectal cancer either 
preoperatively (that is, in the neoadjuvant setting) or postoperatively for better local control. 
Randomized trials have clearly shown the benefit of treating patients with stage II and stage III 
rectal cancer either adjuvantly or neoadjuvantly with combinations of concurrent 5-FU/radiation 
therapy and systemic FOLFOX. Clinical trials are evaluating the role of the newer monoclonal 
antibodies in the adjuvant treatment of resected colorectal tumors. 
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Management of Patients with Metastatic Disease 


Newer targeted therapies have resulted in marked improvements in response rates, 1-year overall 
survival, and 2-year overall survival in patients with metastatic colorectal cancer. However, the 
5-year overall survival rate for patients with unresectable disease is still 10% or less. Aggressive 
surgical approaches in patients with limited and surgically resectable metastases can result in 
cure in about 25% of cases. In addition to oxaliplatin and 5-FU, irinotecan, a topoisomerase 
inhibitor that did not show benefit in adjuvant studies, is used in patients with metastatic disease 
as a single agent or in combination with 5-FU. As first-line therapy, irinotecan combinations 
have a response rate of about 40% and improved time-to-progression and overall survival over 5- 
FU therapy alone. Uridine diphosphoglucuronosyltransferase (UGT1A1) is an enzyme involved 
in the metabolism of irinotecan, and patients who are homozygous for the UGTIA/*28 allele 
may develop neutropenia from this agent; patients are now routinely genotyped before receiving 
irinotecan. Oxaliplatin therapy can cause neurotoxicity and hepatotoxicity. Therefore, first-line 
therapy with irinotecan or oxaliplatin is largely based on physician and/or patient preference and 
on preexisting toxicities such as neuropathy or hepatic dysfunction, or the presence of UGTIAI 
polymorphisms. 


Monoclonal antibody therapies are generally well-tolerated and do not share overlapping 
toxicities with standard cytotoxic agents. Bevacizumab, an antiangiogenic agent that targets the 
vascular endothelial growth factor that is overexpressed in many solid tumors, is approved for 
use in combination with chemotherapy. Bevacizumab has been shown to improve survival when 
used with irinotecan and oxaliplatin-based treatment. Typical toxic effects include proteinuria 
and hypertension. Another approved monoclonal antibody cetuximab targets the epidermal 
growth factor receptor. Many patients treated with this agent develop a potentially dose-limiting 
acneiform rash over the face, neck, chest, and back. Cetuximab given with irinotecan-based 
therapy improved progression-free survival, but only if the tumor has no K-ras mutations. The 
next generation EGFR monoclonal antibody, panitumumab, is a fully human anti-EGFR 
monoclonal antibody that results in fewer allergic reactions and has been shown to improve 
progression-free survival over best supportive care. There are ongoing studies to determine the 
role of combinations of these antibodies with and without cytotoxic therapy. 
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Postresection Colorectal Cancer Surveillance 


Guidelines for follow-up surveillance of patients who have undergone resection for colorectal 
cancer have been produced by the National Comprehensive Cancer Network (NCCN) 
(www.nccn.org) and the American Society of Clinical Oncology (ASCO) (www.ASCO.org). 
The NCCN recommends a history and physical examination with digital rectal examination and 
measurement of serum carcinoembryonic antigen (CEA) every 3 to 6 months for the first 2 years 
after resection and then every 6 months for the subsequent 3 years, along with a colonoscopy at 1 
year with a repeat in 1 year if abnormal or in 3 years if negative for polyps and then every 5 
years. Based on results from three meta-analyses of randomized controlled clinical trials, CT 


scan of the chest, abdomen, and pelvis is now recommended annually for 3 years for patients 
with perineural invasion or poorly differentiated tumors. The benefit to CT imaging of the liver 
is that it can identify limited metastases that can be treated with liver resection, with a 25% lower 
mortality rate for successfully resected patients. 
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Gastric Cancer 


In 2008, there were approximately 21,500 new cases of gastric cancer and approximately 10,800 
deaths from the disease. Gastric cancer is more common in black Americans than whites, and 
there is a 2:1 male-to-female predominance. Risk factors for gastric cancer include Helicobacter 
pylori infection, male sex, advanced age, a history of smoking, a family history of gastric cancer, 
and familial adenomatous polyposis. The relative risk for gastric cancer is twofold greater after 
partial gastrectomy for peptic ulcer disease. 


Affected patients typically present with anemia as a result of occult blood loss, melena, 
abdominal pain, nausea and vomiting, and weight loss. Such patients should be referred for 
upper endoscopy and endoscopic ultrasound. After the diagnosis is made, staging workup 
includes chest radiograph and CT scan of the abdomen with optional PET scan. For patients with 
localized and resectable disease, the 5-year overall survival rate is approximately 58%. The 5- 
year survival rate for patients with metastatic disease is about 23%. 


The AJCC TNM system is used to stage gastric cancer (Table 30 and Table 31). Most patients 
present with advanced and unresectable metastatic disease, and their disease is considered 
incurable. For patients with localized tumors, surgery with curative intent is undertaken. 
However, up to 50% of these patients has microscopic or macroscopic disease at the surgical 
margins or peritoneal involvement, distant metastases, or invasion of major blood vessels. 


In one study, 556 patients with lymph node-negative resected gastric cancer or cancer of the 
gastroesophageal junction were randomized to receive chemotherapy and radiation therapy or 
observation. The chemotherapy consisted of 5-FU/leucovorin followed by concurrent 5- 
FU/radiation therapy followed by additional 5-FU/leucovorin. Patients who received adjuvant 
therapy had a median overall survival of 36 versus 27 months for the patients who were observed 
only, a median relapse-free survival of 30 versus 19 months, and a 3-year disease-free survival 
rate of 48% versus 31%. Therefore, combination adjuvant chemotherapy and radiation therapy is 
considered the standard of care. Of the patients who relapsed, 65% were regional lymph node 
relapses, 19% local relapses, and 33% distant relapses. 


Another study randomized patients to receive neoadjuvant chemotherapy with epirubicin, 
cisplatin, and 5-FU, followed by resection, followed by adjuvant epirubicin, cisplatin, and 5-FU 
versus surgery and observation. Patients who received neoadjuvant and adjuvant therapy had an 
improvement in median progression-free survival as well as 5-year overall survival rate (36% 
versus 23%). Other recent studies have suggested that a pathologic response to neoadjuvant 
therapy with chemotherapy and radiation therapy may result in potentially better outcomes. 


Therefore, standard adjuvant therapy for gastric cancer is concurrent chemotherapy and radiation 
therapy. For patients fit enough to receive aggressive therapy, neoadjuvant therapy with 
epirubicin, cisplatin, and 5-FU followed by postoperative adjuvant therapy is a reasonable 
treatment option. 


Posttreatment surveillance includes a physical examination every 3 to 4 months for 3 years and 
then annually. For patients who have undergone a proximal or total gastrectomy, monitoring of 
bone density and concentrations of serum vitamin Bj» iron, folate, and calcium are warranted. 


For patients with metastatic or recurrent disease, there is no standard of care. Active single 
agents for metastatic gastric cancer include oxaliplatin, capecitabine, epirubicin, and docetaxel; 
combination regimens include epirubicin, cisplatin, and 5-FU or docetaxel, cisplatin, and 5-FU. 
Patients should be encouraged to enroll in clinical trials. 


Table 30. AJCC TNM Classification for Gastric Cancer 


AJCC Stage Groupings 
Stage 0 

Tis, NO, MO 
Stage IA 

T1, NO, MO 

Stage IB 

T1, N1, MO 

T2a, NO, MO 

T2b, NO, MO 

Stage II 

T1, N2, MO 

T2a, N1, MO 

T2b, N1, MO 

T3, NO, MO 

Stage IITA 

T2a, N2, MO 

T2b, N2, MO 

T3, N1, MO 

T4, NO, MO 

Stage IIIB 

T3, N2, MO 

Stage IV 

T4, N1, MO 

T4, N2, MO 


T4, N3, MO 
T1, N3, MO 
T2, N3, MO 
T3, N3, MO 
Any T, any N, M1 


AJCC = American Joint Committee on Cancer; TNM = tumor, node, metastasis. 


Table 31. AJCC Gastric Cancer TNM Definitions 


TO No evidence of primary tumor 

Tis Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria 
T1 Tumor invades lamina propria or submucosa 

T2 Tumor invades muscularis propria or subserosa 

T2a Tumor invades muscularis propria 

T2b Tumor invades subserosa 

T3 Tumor penetrates serosa (visceral peritoneum) without invasion of adjacent structures 
T4 Tumor invades adjacent structures 

NO No regional lymph node metastasis 

N1 Metastasis in 1 to 6 regional lymph nodes 

N2 Metastasis in 7 to 15 regional lymph nodes 

N3 Metastasis in more than 15 regional lymph nodes 


MO No distant metastasis 


M1 Distant metastasis 


AJCC = American Joint Committee on Cancer; TNM = tumor, node, metastasis. 
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Esophageal Cancer 


Esophageal cancer represents only 6% of all gastrointestinal cancers in the United States. In 
2008, there were approximately 16,500 new cases of esophageal carcinoma and 14,300 deaths 
from the disease. Esophageal carcinoma is more common in black Americans than whites, and 
there is a 3:1 male-to-female predominance. Esophageal carcinomas are squamous cell or 
adenocarcinoma, with the less common squamous cell tumors accounting for approximately 
30%. The incidence of esophageal adenocarcinoma is increasing. 


Risk factors for esophageal cancer include smoking, alcohol consumption, advanced age, male 
sex, Barrett esophagus, gastroesophageal reflux disease, and achalasia. Barrett esophagus, a 
metaplastic condition in which columnar or glandular epithelium replaces normal squamous 
epithelium in the distal esophagus, is the most important risk factor and confers a 40-fold 
increased risk for esophageal adenocarcinoma compared with the unaffected population. 
Although endoscopic surveillance can detect early cancers in asymptomatic patients, no study 
has shown that routine surveillance improves survival, and it therefore remains controversial. 


Patients with esophageal carcinoma typically present with dysphagia, initially for solid foods and 
then liquids, accompanied by weight loss in 90% of cases. Other symptoms may include 
odynophagia, retrosternal pain, cough, and hoarseness. Workup includes barium swallow and/or 
upper esophagogastroduodenoscopy with biopsy. For patients with localized disease, the overall 
5-year survival rate is 31%, whereas in patients with unresectable metastatic disease, the 5-year 
survival rate is only approximately 15%. 


The AJCC TNM system is used to stage esophageal carcinoma. Imaging with endoscopic 
ultrasound and PET/CT has become increasingly useful in accurately predicting the surgical 
stage and identifying patients with distant metastases at presentation. 


Increasingly, trimodality therapy consisting of chemotherapy, radiation therapy, and surgery is 
used to manage locally advanced esophageal cancer. In fit patients who can undergo surgical 
resection, patient management should include an experienced thoracic surgeon, a radiation 
therapist, and a medical oncologist. Esophagectomy is recommended in patients with T1 lymph 
node-negative disease. Patients who are not candidates for resection typically undergo definitive 
chemoradiation followed by observation. Patients who are candidates for resection undergo 
preoperative chemoradiation and, if they remain able to undergo surgery, esophagectomy. 


Six randomized trials have compared radiation therapy alone with combined chemotherapy and 
radiation therapy. One such trial, RTOG 85-01, showed the superiority of concurrent 
chemotherapy with 5-FU/cisplatin and radiation therapy over radiation therapy alone, with a 
median survival of 14 versus 9 months and a 5-year overall survival rate of 27% versus 0%. 
Despite excellent responses with chemotherapy and radiation therapy, up to 40% of patients with 
no detectable disease on posttreatment biopsies had residual tumor at surgery, suggesting that 
disease is not eradicated with chemotherapy and radiation therapy alone. This study supports the 
recommendation for posttreatment resection in otherwise healthy patients. 


There have been several studies comparing preoperative chemotherapy and radiation therapy 
followed by surgery versus surgery alone; the results of these studies have been equivocal. The 
patients who received preoperative chemotherapy and radiation therapy had 3-year overall 
survival rates ranging from 30% to 45%, which in two of the studies were significantly better 
than surgery alone, with 3-year survival rates ranging from 6% to 16%. The CALGB 97-81 study 
consisted of patients with stage I, II, and III esophageal cancer who received 5-FU/cisplatin with 
concurrent radiation therapy followed by surgery or surgery alone. The 5-year overall survival 
rate was 39% in patients given combination therapy versus 16% in patients who underwent 
surgery alone. The median survival in patients treated with the trimodality approach was 6.8 
years versus 4.5 years for surgery alone. Therefore, chemoradiation therapy followed by surgery 


is superior to surgery alone. Furthermore, pathologic complete response rates have been shown 
to correlate with higher cure rate. 


There is no standard regimen for metastatic esophageal cancer. Several agents have been shown 
to be active, including 5-FU, cisplatin, and the taxanes, but it is recommended that affected 
patients be enrolled in clinical trials when possible. 
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Pancreatic Cancer 


Patients with pancreatic cancer have a dismal prognosis: in 2008 in the United States, there were 
approximately 37,600 new cases and 34,200 deaths from the disease, making it the fourth 
leading cause of cancer-related death. Less than 5% of all patients with pancreatic cancer lives 
for 5 years after diagnosis. Even in patients who undergo resection with curative intent, the 
median overall survival is 15 months, and the 5-year survival rate is only approximately 20%. In 
patients with unresectable but locally advanced pancreatic cancer, median survival is 8 to 10 
months, and in patients with metastatic disease the median overall survival is 6 months. About 
25% of patients present with resectable disease, another 25% with locally advanced unresectable 
disease, and 50% with metastatic disease. Risk factors for pancreatic cancer include cigarette 
smoking, which confers a 2.5 relative risk. There is weaker evidence that diabetes mellitus, 
obesity, and chronic pancreatitis predispose patients to pancreatic cancer. The exception is 
hereditary pancreatitis, which confers a very increased risk for pancreatic cancer; however, cases 
of hereditary pancreatitis constitute only 1% of cases of chronic pancreatitis. 


Patients often present with nonspecific abdominal pain (or pain radiating through to the back), 
bloating, nausea, anorexia, and weight loss. The diagnosis is more readily suspect in patients 
who present with jaundice, either with or without pain. 


The evaluation of patients with suspected pancreatic cancer consists of high-resolution, dynamic- 
phase helical or spiral CT scan of the abdomen and liver chemistry tests. Endoscopic ultrasound 
is being increasingly used; the procedure better delineates smaller tumors than CT and gives 
more accurate guidance for fine-needle aspiration to confirm the pathology and provide a better 
assessment of the extent of the tumor, including whether nodal disease is present. In addition, 
endoscopic ultrasound—guided biopsy carries a much lower risk for peritoneal seeding of tumor 
than CT-guided biopsy. Endoscopic retrograde cholangiopancreatography may be indicated, 
particularly for the endoscopic placement of a biliary stent in patients who present with 
obstructive jaundice. 


The AJCC system is used to stage pancreatic cancer. The presence of distant metastases, 
encasement of the superior mesenteric artery or celiac artery, and occlusion of the superior 
mesenteric vein or portal vein preclude resection. Patients with potentially resectable disease 
may undergo a Whipple procedure (cholecystectomy, partial gastrectomy, removal of the 
proximal jejunum and a portion of the pancreas followed by gastrojejunostomy) in the hands of 
an experienced surgeon. Neoadjuvant chemotherapy with or without radiation therapy is 


typically used for locally advanced but potentially resectable or locally advanced unresectable 
disease. Palliative systemic chemotherapy is recommended for patients with incurable metastatic 
disease. 


The two chemotherapeutic agents most commonly used for pancreatic cancer are gemcitabine 
and 5-FU; however, the optimal regimen for adjuvant therapy is unsettled. In a recent study, 
patients who received chemotherapy had a better outcome than patients who did not, with a 
median survival of 20.1 versus 15.5 months and a 5-year survival of 21% versus 8%. Patients 
who received chemotherapy and radiation therapy had a worse prognosis than patients who did 
not, with a median survival of 15.9 versus 17.9 months and a 5-year overall survival of 10% 
versus 20%. Therefore, the role of radiation therapy postoperatively is uncertain. No standard 
postoperative regimen has emerged as superior, and there are ongoing adjuvant studies to 
determine optimal treatment after resection, incorporating newer monoclonal antibodies such as 
cetuximab or bevacizumab. 


In patients with metastatic disease, gemcitabine is the standard therapy. Gemcitabine received 
Food and Drug Administration approval for use in pancreatic cancer based on a study showing 
clinical benefit response of 24% for gemcitabine versus 5% for 5-FU. The antitumor response 
rate was only 5% in the gemcitabine arm and 0% in 5-FU, with a median survival of 5.7 versus 
4.4 months. Multiple chemotherapy regimens, including capecitabine and oxiliplatin, have failed 
to show an improvement in survival over gemcitabine alone. 


Despite the success of newer targeted therapies in other solid tumors, there has been little 
advancement in the treatment of pancreatic cancer. A recent randomized trial of gemcitabine 
with or without erlotinib, an oral tyrosine kinase inhibitor of the epidermal growth factor 
receptor, showed a very modest improvement in overall survival from 5.91 months to 6.24 
months and an improvement in 1-year overall survival rate from 17% to 23%. Erlotinib received 
Food and Drug Administration approval for this indication, but whether this improvement is 
clinically meaningful is unclear. Two other randomized phase III studies evaluating the 
additional benefit of either bevacizumab or cetuximab to single-agent gemcitabine failed to show 
any Statistically significant benefit in overall survival. 
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Lung Cancer 


Introduction 
Clinical Presentation 
Non-Small Cell Lung Cancer 


Small Cell Lung Cancer 


Key Points 


A cough with increasing frequency or severity requires investigation for possible lung 
cancer. 

Patients with apical tumors infiltrating surrounding structures may have Pancoast 
syndrome, characterized by shoulder pain, lower brachial plexopathy, and Horner 
syndrome. 

Bone metastases in lung cancer often cause pain, may predispose to pathologic fracture, 
and may cause hypercalcemia-induced symptoms. 

Brain metastases are characterized by headaches, neurologic symptoms, or decreased 
mental acuity. 

Spinal cord compression in lung cancer typically consists of pain followed by motor 
weakness. 

Early recognition of clubbing (enlargement of the distal, compared with the proximal, 
digits) could hasten the diagnosis of lung cancer. 

Disease staging in patients with non-small cell lung cancer includes a history and 
physical examination, radiologic imaging, and laboratory studies; lymph node biopsy, 
bronchoscopy, thoracentesis, or mediastinoscopy may also be appropriate. 

Positron emission tomography with 18-fluorodeoxyglucose is superior to CT scanning in 
evaluating the extent of mediastinal lymph node involvement in patients with lung 
cancer. 

Surgery is the treatment of choice for patients with stage I or II non-small cell lung 
cancer. 

Adjuvant chemotherapy has been shown to consistently improve survival in patients with 
early-stage non-small cell lung cancer, but adjuvant radiation therapy does not, and may 
actually be harmful. 

For patients with unresectable non—small cell lung cancer, chemotherapy plus radiation is 
superior to radiation alone. 

Patients with stage IIIB non-small cell lung cancer with malignant pleural or pericardial 
effusion do not benefit from radiation and should be treated with palliative-intent 
chemotherapy only. 

Treatment of patients with brain metastases includes whole-brain radiation therapy, 
surgery, and stereotactic radiosurgery depending on number, size, and location of lesions 
and the status of systemic disease. 

Most patients with small cell lung cancer present with clinically extensive-stage disease. 
CT of the chest, with simultaneous liver and adrenal gland evaluation; CT or MRI of the 
brain; and bone or positron emission tomography scan may be appropriate in the staging 
of small cell lung cancer. 

Combination chemotherapy is the cornerstone of treatment for both limited-stage and 
extensive-stage small cell lung cancer. 

Routine use of chest radiotherapy in extensive-stage small cell lung cancer does not 
prolong survival. 

Monthly intravenous bisphosphonate administration with pamidronate or zoledronate 
decreases skeletal-related events for patients with bony metastases. 

Prophylactic cranial irradiation after initial chemotherapy in patients with limited- and 
extensive-stage small cell lung cancer improves survival rates. 

Patients with extensive-stage small cell lung cancer and poor performance status should 
be offered chemotherapy to improve symptoms and increase survival. 
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Introduction 


Lung cancer is the leading cause of cancer death in the United States, accounting for 
approximately 29% of all cancer deaths. During 2008, approximately 213,380 new cases of lung 
cancer were diagnosed (114,760 among men and 98,620 among women). Nearly 70% of patients 
with lung cancer are older than 65 years, and fewer than 3% are younger than 45 years. Despite 
the poor prognosis of lung cancer, some people are cured, and there are currently about 330,000 
long-term survivors of this disease. 
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Clinical Presentation 


Cough is a common manifestation in patients with lung cancer and occurs in most patients. 
Because many patients with lung cancer are current or former smokers and may have chronic 
cough from irritation caused by cigarette smoke or underlying chronic bronchitis, a cough with 
increasing frequency or severity requires investigation. Increasing dyspnea, hemoptysis, chest 
pain, or clinical features suggesting pneumonia are other symptoms of lung cancer. Patients with 
pleural or pericardial effusions may have dyspnea, cough, and chest pain. Patients with apical 
tumors that infiltrate surrounding structures may have Pancoast syndrome (Figure 28), which is 
characterized by shoulder pain, lower brachial plexopathy, and Horner syndrome (ptosis, miosis, 
and ipsilateral anhidrosis) (Figure 29). See Table 32 for a listing of manifestations of lung 
cancer. 


Hoarseness may be caused by vocal cord paresis or paralysis when tumors or lymph node 
metastases compress or invade the recurrent laryngeal nerve. This symptom more commonly 
occurs in left-sided tumors in which the recurrent laryngeal nerve passes under the aortic arch 
but also occasionally occurs in patients with high, right-sided, mediastinal lesions. 


Lung cancer can metastasize to multiple sites, most commonly to bone and the liver, brain, and 
adrenal glands. Bone metastases often cause pain, may predispose to pathologic fracture, and 
may cause hypercalcemia-induced symptoms. Patients with brain metastases may experience 
headaches, neurologic symptoms, or decreased mental acuity. In addition, metastatic lung cancer 
may also cause spinal cord compression, resulting in a characteristic sequence of symptoms 
including pain followed by motor weakness. 


Lung cancer is commonly associated with systemic manifestations, including weight loss, 
anorexia, fatigue, and generalized weakness. Small cell lung cancer (SCLC) characteristically 
produces peptide hormones, which can cause endocrine syndromes, such as hyponatremia from 
the syndrome of inappropriate antidiuretic hormone secretion (SIADH) and hypercortisolism 
through secretion of adrenocorticotropic hormone (ACTH), in a subset of patients. Patients with 


SIADH may be asymptomatic, or they may have symptoms such as headache, decreased mental 
acuity, and even seizures. Neurologic symptoms, such as the Lambert-Eaton syndrome, cortical 
cerebellar degeneration, limbic encephalitis, and peripheral neuropathy, may also occur in 
patients with lung cancer, but they are relatively rare and all more commonly occur in patients 
with SCLC. A few patients with lung cancer may have symptomatic hypertrophic 
osteoarthropathy (Figure 30), a syndrome in which periosteal inflammation causes pain in 
affected areas, most commonly in the knees and ankles. Clubbing, a form of hypertrophic 
osteoarthropathy that consists of enlargement of the distal, compared with the proximal, digits, 
may also occur, and early recognition of this finding could hasten the diagnosis of lung cancer 


(Figure 31). 


a 


Figure 28. Radiographic findings of a tumor infiltrating the 
apical area, indicative of Pancoast syndrome. 


Figure 29. A patient with Horner syndrome, as depicted by 
smaller right pupil and ptosis of the right eye. 


Figure 30. Bilateral synovial effusions and soft-tissue edema 
in a patient with lung cancer—associated hypertrophic 
osteoarthropathy. 


Figure 31. Clubbing, which is caused by painless 
enlargement of the connective tissue in the terminal 
phalanges, producing a hyponychial angle of >190 degrees. 


Table 32. Common Lung Cancer Manifestations 


Primary (Localized) Tumor 
Postobstructive pneumonia 
Cough 
Hemoptysis 
Wheezing 
Dyspnea 
Incidentally found lung mass 
Intrathoracic Spread 
Hoarseness (laryngeal nerve) 
Ptosis, miosis, anhidrosis (Horner syndrome) 
Shoulder pain, shoulder and arm weakness (brachial plexopathy) 
Facial edema and venous distention in the neck and chest wall (superior vena cava syndrome) 
Paralyzed hemidiaphragm (phrenic nerve) 
Pleural effusion 
Metastatic Spread 
Bone pain and fracture, isolated elevated alkaline phosphatase 
Headache, focal neurological findings, seizures 
Lymphadenopathy 
Hepatomegaly 
Anemia, leukopenia, thrombocytopenia, elevated serum lactate dehydrogenase concentration 
Skin nodules 
Remote Effects of Tumor and Paraneoplastic Syndromes 
Anorexia, weight loss, nausea, vomiting 
Confusion, rapidly progressive dementia, seizures (paraneoplastic encephalomyelitis) 
Paresthesias, sensory ataxia, multimodal sensory loss (paraneoplastic sensory neuropathy) 
Hyponatremia (SIADH secretion) 
Hypercalcemia (parathyroid hormone-related protein) 
Proximal upper and lower extremity weakness (Lambert-Eaton myasthenic syndrome) 


SIADH = syndrome of inappropriate antidiuretic hormone secretion. 
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Non-Small Cell Lung Cancer 


Non-small cell lung cancer (NSCLC) accounts for approximately 85% to 90% of cases of lung 
cancer. Although histologically distinct, three subtypes of NSCLC (adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma) are grouped together because of similarities in 
presentation, treatment, and natural history. Adenocarcinoma is the most common histologic type 
of lung cancer in the United States and is the most common type of lung cancer among never 
smokers; the incidence of adenocarcinoma among never smokers is increasing. Adenocarcinoma 
generally presents as a peripheral lesion. A subtype of adenocarcinoma termed 
bronchioloalveolar carcinoma, which is less strongly associated with tobacco use, has a 
propensity for intrapulmonary metastases and a more indolent course. Squamous cell carcinoma, 
which accounts for 25% to 30% of all lung cancers, tends to occur centrally, with endobronchial 
lesions. Large cell undifferentiated carcinoma accounts for only 10% of lung cancers. 
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Staging 


The primary goals of staging are to identify patients who can receive treatment with curative 
intent as quickly and efficiently as possible, to minimize expense and invasive testing, and to 
identify patients with incurable disease to diminish the risks associated with surgery or 
combined-modality approaches. Clinical staging includes a thorough history and physical 
examination, radiologic imaging, and laboratory studies; pathologic studies may include lymph 
node biopsy, bronchoscopy, thoracentesis, or mediastinoscopy. The staging system for lung 
cancer has been recently revised with changes in the TNM descriptors for tumor size, ipsilateral 
and contralateral lung nodules, and pleural involvement. The current staging system is briefly 
summarized in Table 33. 


Histologic confirmation of the presence or absence of tumor within the mediastinal lymph nodes 
is necessary whenever this information will change treatment recommendations. CT scans are 
routinely used to assess mediastinal lymphadenopathy. In a review of 20 studies assessing the 
value of CT scan to determine mediastinal involvement in patients with lung cancer, CT had a 
pooled sensitivity of 57%, a specificity of 82%, and a negative predictive value of 83%. Benign 
enlargement of mediastinal lymph nodes occurs more commonly in patients who have 
postobstructive infection. In patients who are considered surgical candidates, metastatic tumor is 
found in approximately 15% to 20% of mediastinal lymph nodes that are less than 1 cm in 
greatest diameter. A review of 18 studies of the usefulness of positron emission tomography with 
18-fluorodeoxyglucose (PET-FDG) to assess disease involvement within the mediastinal lymph 
nodes demonstrated a pooled sensitivity of 84% and a specificity of 89%, with a positive 
predictive value of 79% and a negative predictive value of 93%. The combined positive 
predictive value and negative predictive value of CT scanning and PET-FDG were 83% to 93% 
and 88% to 95%, respectively. Thus, PET-FDG is superior to CT scanning in the staging of 
disease in patients with mediastinal lymph node involvement. An estimated 15% to 20% of 
patients with a known or suspected diagnosis of early-stage lung cancer derive benefit from 
preoperative PET-FDG because previously unrecognized metastatic disease will be discovered 
with this diagnostic strategy and these patients will thus be spared unnecessary surgery. 


Table 33. Staging, Treatment, and Prognosis for Patients 
with Non-Small Cell Lung Cancer 


Stage Definition Treatment Prognosis 
I Tumor surrounded by lung Surgery and adjuvant chemotherapy, 60% to 70% long- 
or pleura, more than2cm radiotherapy if not a surgical term disease-free 
from carina candidate; intent is cure survival 
II Locally advanced disease, Surgery and adjuvant chemotherapy, 40% to 50% long- 
without mediastinal radiotherapy if not a surgical term disease-free 
involvement candidate; intent is cure survival 
IHI Mediastinal involvement Combined modalities of 5% to 20% long- 
chemotherapy, radiotherapy, and/or term disease-free 
surgery survival 
PreviousNext 
Treatment 


Surgery is the treatment of choice for patients with stage I or I NSCLC (and selected stage III 
patients). Despite detection of early disease and complete resection, many patients with NSCLC 
experience recurrent metastatic disease. The use of adjuvant chemotherapy has been shown to 
consistently improve survival in patients with early-stage NSCLC (stage IB-III). Conversely, the 
use of adjuvant radiation therapy in patients with early-stage NSCLC has not been associated 
with a survival benefit and may actually be deleterious to overall survival. 


Patients with stage III disease represent a heterogeneous group. Most have mediastinal 
lymphadenopathy, and survival rates depend on extent of mediastinal disease. For patients with 
minimal mediastinal lymphadenopathy and potentially resectable disease, chemotherapy is often 
administered before surgery. For patients with unresectable disease, multiple studies have proved 
that chemoradiation is superior to radiation alone, although the optimal sequence for 
administering these agents is not certain. Patients with superior sulcus, or Pancoast tumors, are 
also included among those with stage III NSCLC. Chemoradiation followed by surgery in these 
patients has yielded 5-year survival rates of 40% in phase II trials, which is an improvement 
compared with most patients with stage III lung cancer (defined by N2 lymph node positivity). 


Patients with stage IIIB disease with malignant pleural or pericardial effusion do not benefit from 
radiation and should be treated with palliative-intent chemotherapy only. Also included among 
patients with stage IIIB disease are those with T4 lesions (characterized as a mass with a satellite 
lesion); these patients should receive initial treatment with surgery because they have potentially 
curable disease. Selected patients with disseminated (stage IV) disease have a solitary brain 
metastasis, and they may experience improved survival with surgical resection of the metastasis. 


However, surgical resection of a solitary metastasis located in sites other than the brain remains 
controversial. 


Multiple phase III studies have determined the superiority of systemic chemotherapy over best 
supportive care in patients with stage IV, or metastatic, NSCLC, provided that those patients 
have a reasonable performance status. Chemotherapy improves overall survival by months 
compared with best supportive care in patients with NSCLC; it also relieves lung cancer-related 
symptoms, improves overall quality of life, and is cost-effective compared with best supportive 
care. There is no proof of benefit of chemotherapy in patients with NSCLC who are bed-bound. 
Palliative or hospice care may be indicated for such patients depending on their preferences. 


Platinum-based chemotherapy has been widely accepted as the standard of care in patients with 
NSCLC. Generally, cisplatin or carboplatin is combined with one of several agents including 
paclitaxel, docetaxel, vinorelbine, gemcitabine, irinotecan, or pemetrexed. Because similar 
response and survival rates have been shown to result from the various regimens used to treat 
NSCLC, quality of life has become a critical issue to consider when choosing a particular 
regimen, in addition to ease of administration, side effects, and the personal preference and 
experience of the oncologist. 


Although chemotherapy is an appropriate treatment for many patients with lung cancer, the use 
of traditional chemotherapeutic agents is believed to have reached a therapeutic plateau. 
Increased understanding of cancer biology has revealed numerous potential therapeutic 
strategies, including epidermal growth factor receptor and angiogenesis pathway targeting. The 
use of inhibitors of the epidermal growth factor receptor pathway with tyrosine kinase inhibitors 
such as erlotinib has caused consistent, although modest, improvements in survival and tumor 
reduction in many patients. Dramatic and rapid responses to erlotinib have been noted in patients 
who have an acquired mutation in the binding domain of the EGFR gene, which causes increased 
growth-factor signaling. Furthermore, the addition of the antivascular endothelial growth factor 
agent bevacizumab has been examined in patients with advanced-stage nonsquamous cell 
carcinoma. Patients who received bevacizumab combined with chemotherapy experienced a 2.3- 
month increase in median survival compared with patients who received chemotherapy alone. 


Although many new active drugs are available for lung cancer, the reported response rates to 
second-line chemotherapy have generally been less than 10%. Patients who experience disease 
progression after initial first-line therapy may be treated with single agents such as docetaxel, 
erlotinib, or pemetrexed. 


Patients who have undergone prior resection for early-stage lung cancer and go on to experience 
a recurrence in the form of a solitary pulmonary nodule generally have a second primary tumor. 
Resection of the new lesion with possible adjuvant chemotherapy may result in long-term 
survival. 


Radiation can palliate lung cancer symptoms by decreasing bronchial compression, reducing 
hemoptysis, improving superior vena cava syndrome, and treating bony metastases. Monthly 
intravenous bisphosphonate therapy with pamidronate or zolendronate decreases skeletal-related 
events in patients with bony metastases. In those with central nervous system disease and airway 


obstruction, photodynamic therapy, endoscopic laser therapy, airway stenting, and cryotherapy 
may be used. 


Many patients with NSCLC eventually develop brain metastases. The primary approach to the 
treatment of patients with brain metastases includes whole-brain radiation therapy; surgery; and 
stereotactic radiosurgery depending on number, size, and location of lesions and the status of 
systemic disease. 
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Small Cell Lung Cancer 


Small cell lung cancer (SCLC) accounts for less than 15% of all new lung cancer cases, more 
than 95% of which result from smoking. SCLC is an aggressive form of lung cancer that tends to 
disseminate early. Symptoms are related to bulky intrathoracic disease or to distant metastases. 
SCLC is usually centrally located, with hilar masses and hilar and mediastinal lymphadenopathy. 
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Staging 


Patients with SCLC rarely present with disease that is sufficiently localized to allow for surgical 
resection, so the TNM system is generally not used in these patients. Instead, the Veterans 
Administration Lung Study Group staging system is typically used, which classifies disease as 
limited or extensive. The definition of limited-stage disease consists of disease limited to one 
hemithorax, with hilar and mediastinal lymphadenopathy that can be encompassed within one 
tolerable radiotherapy portal. Extensive-stage disease consists of any disease that exceeds those 
boundaries. Most patients (60% to 70%) with SCLC present with clinically extensive-stage 
disease. There are significant differences in median and 5-year survival among these patients 
depending on the presence of limited- or extensive-stage disease. 


Given its prognostic and therapeutic implications, the main goal of staging is to identify disease 
sites outside of a potential radiation portal. Good prognostic factors include limited-stage 
disease, female sex, and good performance status. 


CT of the chest facilitates assessment of the extent of intrathoracic involvement, including the 
presence of pleural effusion, lobar collapse, hilar and mediastinal lymphadenopathy, and 
contralateral parenchymal disease. Evaluation of the liver and adrenal glands should also be done 
simultaneous to CT scanning of the chest. Additional staging should include CT or MRI of the 
brain to identify central nervous system metastases and bone or PET scan to determine distant 
metastatic sites. Patient-specific symptoms or unexpected laboratory abnormalities may warrant 
additional imaging or bone scans. A bone marrow aspiration and biopsy should be done in 
patients with significant hematologic abnormalities because marrow infiltration in patients with 


SCLC has been reported. Once extensive-stage disease has been established, further staging does 
not guide treatment. 
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Treatment 


Combination chemotherapy is the cornerstone of treatment for both limited-stage and extensive- 
stage SCLC. In general, the administration of etoposide and cisplatin plus chest radiotherapy for 
patients with good performance status and limited-stage disease should produce a complete 
response rate of 80% or higher, a median survival of 18 months, and 5-year cancer-free survival 
of 12% to 25%. Patients with extensive-stage disease who receive combination chemotherapy 
should have a complete response rate of more than 20% and a median survival of longer than 7 
months. Notably, 2% of patients with extensive-stage SCLC are alive and cancer free at 5 years. 
The mortality rate from therapeutic complications is less than 3%. 


For patients with limited-stage disease, etoposide and cisplatin are generally administered with 
chest radiation during the first cycles of chemotherapy. For patients with extensive-stage SCLC, 
combination chemotherapy remains the focus of treatment, with cisplatin or carboplatin plus 
etoposide the most widely used regimen. Routine use of chest radiotherapy in extensive-stage 
disease does not prolong survival. Radiotherapy in extensive-stage disease is reserved for the 
prevention or treatment of brain metastases; the treatment of symptomatic bone metastases; the 
treatment of spinal cord compression; or for palliative treatment of lobar collapse or superior 
vena cava syndrome in patients who have not responded to chemotherapy. Monthly intravenous 
bisphosphonate administration with pamidronate or zoledronate decreases skeletal-related events 
for patients with bony metastases. 


Patients with limited-stage SCLC who have been successfully treated have a 50% to 60% risk of 
developing central nervous system metastases. Therefore, prophylactic cranial irradiation is used 
in patients who have had a complete response to chemotherapy. A meta-analysis of prophylactic 
cranial irradiation showed that this intervention reduces the risk of brain metastases by 45% and 
increases likelihood for survival by 5% compared with those who do not receive this therapy. 
Recently, a randomized trial of prophylactic cranial irradiation versus best supportive care after 
initial chemotherapy in patients with extensive-stage disease demonstrated a survival advantage 
in patients who received prophylactic cranial irradiation. Patients who undergo prophylactic 
cranial irradiation sometimes report a decline in neuropsychologic function; the degree to which 
prophylactic cranial irradiation contributes to this decline is controversial. 


Because of the exquisite chemosensitivity of SCLC, patients with extensive-stage disease and 
poor performance status due to tumor burden should be offered chemotherapy because it can 
significantly improve symptoms and increase survival. However, chemotherapy is not 
appropriate for patients with advanced NSCLC and poor performance status. 


Most patients with SCLC relapse within 1 year of initiation of treatment. Patients who are 
primarily resistant to therapy or have received many chemotherapeutic regimens rarely respond 


to more therapy, whereas those who respond to initial chemotherapy and experience a relapse 
more than 6 months after the conclusion of treatment are more likely to respond to additional 
chemotherapy. 


Long-term survivors of SCLC usually have limited-stage disease at diagnosis. After 2 years, the 
risk of dying from the initial disease in these patients begins to decrease. The lung cancer 
mortality risk remains elevated in long-term survivors of SCLC, owing partly to the development 
of second primary tumors. The risk for developing a second primary tumor in patients with lung 
cancer is 2% to 10% per patient per year, a risk 10 times that of adult male smokers in whom a 
previous lung cancer has not developed. Any new lung masses in these patients should be 
promptly investigated, and biopsy should be performed because such findings may represent 
surgically resectable second primary tumors. 


Bibliography 


e Arriagada R, Bergman B, Dunant A, Le Chevalier T, Pignon JP, Vansteenkiste J; 
International Adjuvant Lung Cancer Trial Collaborative Group. Cisplatin-based adjuvant 
chemotherapy in patients with completely resected non-small-cell lung cancer. N Engl J 
Med. 2004;350(4):35 1-360. [PMID: 14736927]. See PubMed 

e Auperin A, Arriagada R, Pignon JP, et al. Prophylactic cranial irradiation for patients 
with small-cell lung cancer in complete remission. Prophylactic Cranial Irradiation 
Overview Collaborative Group. N Engl J Med. 1999;341(7):476-484. [PMID:10441603]. 
See PubMed 

e Douillard JY, Rosell R, De Lena M, et al. Adjuvant vinorelbine plus cisplatin versus 
observation in patients with completely resected stage IB-IIIA non-small-cell lung cancer 
(Adjuvant Navelbine International Trialist Association [ANITA]): a randomised 
controlled trial. Lancet Oncol. 2006;7(9):719-727. [PMID: 16945766]. See PubMed 

e Goldstraw P, Crowley J, Chansky K, et al; International Association for the Study of 
Lung Cancer International Staging Committee; Participating Institutions. The [IASLC 
Lung Cancer Staging Project: Proposals for the Revision of the TNM Stage Groupings in 
the Forthcoming (Seventh) Edition of the TNM Classification of Malignant Tumors 
{erratum in J Thorac Oncol. 2007;2(10):985]. J Thorac Oncol. 2007;2(8):706-714. 
[PMID:17762336]. See PubMed 

e Gould MK, Kuschner WG, Rydzak CE, et al. Test performance of positron emission 
tomography and computed tomography for mediastinal staging in patients with non- 
small-cell lung cancer: a meta-analysis. Ann Intern Med. 2003;139(11):879-892. 
[PMID:14644890]. See PubMed 

e Pignon JP, Arriagada R, Ihde DC, et al. A meta-analysis of thoracic radiotherapy for 
small-cell lung cancer. N Engl J Med. 1992;327(23):1618-1624. [PMID:1331787]. See 
PubMed 

e Rusch, VW, Giroux, DJ, Kraut, MJ, et al. Induction chemoradiation and surgical 
resection for superior sulcus non-small-cell lung carcinomas: long-term results of 
southwest oncology group trial 9416 (intergroup trial 0160). J Clin Oncol 2007; 
25(3):313-318. [PMID:17235046]. See PubMed 


Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with bevacizumab for 
non-small cell lung cancer [erratum in N Engl J Med. 2007;356(3):318]. N Engl J Med. 
2006; 355(24):2542-2540. [PMID:17167137]. See PubMed 

Schiller JH, Harrington D, Belani C, et al; Eastern Cooperative Oncology Group. 
Comparison of four chemotherapy regimens for advanced non-small cell lung cancer. N 
Engl J Med. 2002;346(2):92-98. [PMID:11784875]. See PubMed 

Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al; National Cancer Institute of Canada 
Clinical Trials Group. Erlotinib in previously treated non-small-cell lung cancer. N Engl J 
Med. 2005;353(2):123-132. [PMID:16014882]. See PubMed 

Slotman B, Faivre-Finn C, Kramer G, et al; EORTC Radiation Oncology Group and 
Lung Cancer Group. Prophylactic Cranial Irradiation in Extensive Small-Cell Lung 
Cancer. New Engl J Med. 2007; 357(7):664-672. [PMID: 17699816]. See PubMed 
Winton, T, Livingston, R, Johnson, D, et al; National Cancer Institute of Canada Clinical 
Trials Group; National Cancer Institute of the United States Intergroup JBR.10 Trial 
Investigators. Vinorelbine plus cisplatin vs. observation in resected non-small-cell lung 
cancer. N Engl J Med. 2005;352(25):2589-2597. [PMID: 15972865]. See PubMed 


PreviousNext 


Head and Neck Cancer 


Squamous Cell Carcinoma 
Thyroid Cancer 


Key Points 


Because of a field cancerization effect, patients with head and neck cancer are at 
considerable risk for the development of a second primary tumor. 

Common symptoms and signs of head and neck cancer include the presence of a painless 
mass or mucosal ulcer; localized mouth, tooth, throat, or ear pain; odynophagia or 
dysphagia; proptosis; diplopia or loss of vision; hearing loss; persistent unilateral 
sinusitis; and unilateral tonsillar enlargement in adults. 

Examination of tissue should be done to differentiate leukoplakia from Candida infection 
and lichen planus in patients with oral lesions. 

Physical examination, endoscopy, and chest radiography are used in the diagnostic 
evaluation of patients with upper aerodigestive tract lesions. 

Pathologic confirmation of head and neck cancer is done primarily by fine-needle 
aspiration. 

For many head and neck cancer sites, survival in patients with stage I disease exceeds 
80%. 

Most patients with head and neck cancer are diagnosed with stage III or IV tumors, and 
these patients have a long-term survival of less than 40%. 

Surgery or radiation therapy with curative intent is appropriate for patients with stages I 
and II head and neck cancer. 


e The treatment of patients with stages III and IVA and IVB disease without distant 
metastases involves a combination of treatment modalities, including radiation, 
chemotherapy, and surgery. 

e For patients with distant metastatic or recurrent disease, chemotherapy provides major 
palliative benefits but may or may not prolong survival. 

e Gender- and age-adjusted survival rates for patients with papillary, follicular, and 
anaplastic thyroid carcinoma are 98%, 92%, and 13%, respectively. 

e Patients with older age or more advanced disease stage may experience a worse 
prognosis regardless of thyroid cancer type. 

e Patients found to have a euthyroid single thyroid nodule should undergo fine-needle 
aspiration biopsy to rule out malignancy. 

e Most patients with the RET mutation eventually develop medullary thyroid cancer; 
therefore, prophylactic thyroidectomy is recommended in these patients. 

e Twenty-four—-hour urine catecholamine levels must be measured in patients with familial 
medullary thyroid cancer to rule out the presence of pheochromocytoma. 

e Prophylactic thyroidectomy is recommended in patients with the RET mutation because 
of the high likelihood for thyroid cancer in this population. 

e Thyroidectomy is performed in patients with histologically confirmed malignant thyroid 
nodules. 

e Neck dissection is appropriate in patients with thyroid cancer who have lymph node 
involvement, large tumors with poor features, and medullary carcinoma. 

e Thyroid-stimulating hormone (TSH) suppression with levothyroxine is necessary after 
thyroidectomy in patients with thyroid cancer because TSH stimulates most papillary and 
follicular tumors. 

e Jodine 131 administered postoperatively may improve survival in patients with papillary 
and follicular thyroid tumors. 
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Squamous Cell Carcinoma 


Head and neck cancer encompasses a diverse group of uncommon tumors that can be aggressive 
and can require complex multimodality treatment. In 2008, it was estimated that head and neck 
malignancies comprised 3% to 4% of all cancers in the United States and accounted for 1% to 
2% of all cancer-related deaths. This disease occurs more commonly in men, and the incidence 
increases with age, especially after age 50 years (see Cancer Risk for discussion of head and 
neck cancer risk factors). 


Most head and neck cancers are local or regional squamous cell carcinomas; distant, metastatic 
cancer occurs in only about 10% of patients at diagnosis. In addition, there is a high frequency of 
secondary head and neck and lung cancers, suggesting that the entire respiratory mucosa may be 
predisposed to malignancy, the so-called field effect. No chemoprevention strategy to prevent 
these second cancers has been successful. 
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Physical Examination, Diagnosis, and Staging 


Common symptoms and signs of head and neck cancer include the presence of a painless mass or 
mucosal ulcer; localized (often referred) pain of the mouth, teeth, throat, or ear; odynophagia or 
dysphagia; proptosis; diplopia or loss of vision; hearing loss; persistent unilateral sinusitis; and 
unilateral tonsillar enlargement in adults. Five to 10% of white plaques, often initially diagnosed 
as leukoplakia, contain carcinoma in situ. Examination of tissue should be done to differentiate 
leukoplakia (Figure 32) from Candida infection and lichen planus. 


Physical examination is the best method for detecting upper aerodigestive tract lesions. Patients 
with such lesions should receive referral to a specialist experienced in head and neck cancers. 
Endoscopy is required to facilitate direct visualization of the nasopharynx, larynx, hypopharynx, 
cervical esophagus, and proximal trachea. This examination is not only useful for documenting 
the presence, site, and extent of tumors in the upper aerodigestive tract, but it can also identify 
other primary tumors. 


Chest imaging should be performed to exclude occult lung metastases or second primary tumors. 
CT or MRI is useful for delineating tumor location and extent. Pathologic confirmation of 
carcinoma is done primarily by fine-needle aspiration. Open biopsy of a cervical lymph node is 
performed only when fine-needle aspiration of a primary tumor is nondiagnostic to avoid 
compromise of subsequent management in patients in whom tissue planes in the neck are 
disrupted by a diagnostic open biopsy. 


The TNM system for the head and neck is widely used in the staging of this disease. Prognosis 
correlates strongly with stage at diagnosis. For many head and neck cancer sites, survival in 
patients with stage I disease exceeds 80%; however, most patients with head and neck cancer 
have stage III or IV disease at diagnosis with a long-term survival of less than 40%. 
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Figure 32. Findings of leukoplakia, white patches that in 
some cases (5% to 10%) contain carcinoma in situ. 
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Treatment 


Treatment for head and neck cancer is highly complex, not only because of the variety of tumor 
subsites involved in this disease, but also because of the anatomic constraints of the head and 
neck region and the importance of maintaining organ function during and after treatment. 
Radiation and surgery are the standard treatment modalities, reflecting the disease’s locoregional 
predominance; however, chemotherapy is frequently added. 


Patients with early-stage (stages I and II) head and neck cancer receive surgery or radiation with 
curative intent. Because both modalities result in similar rates of local control and survival, the 
therapeutic choice is usually based on an assessment of competing modalities, functional 
outcomes, and accessibility. For example, laryngeal cancer might best be treated with radiation 


therapy to preserve the voice, whereas oral cavity cancer is better managed with surgery, which 
eliminates the long-term radiation—associated side effects of xerostomia and loss of taste. 


The treatment of patients with locoregionally advanced head and neck cancer (stages II and IVA 
and IVB disease without distant metastases) generally involves a combination of multiple 
treatment modalities, including radiation, chemotherapy, and surgery. Selection of therapy for 
this group of patients depends on careful assessment of prognosis as well as preservation of 
organ function. Integration of multiple modalities of treatment into the therapeutic regimen of 
patients with head and neck cancer has led to improvements in cure and local control rates, but 
multimodality therapy—associated toxicity is substantially increased compared with single- 
modality treatment. 


For patients with distant metastatic or recurrent disease, chemotherapy provides major palliative 
benefits. The average survival of patients with advanced disease who receive chemotherapy is 6 
to 8 months; survival is only slightly lower when supportive care alone is provided. Active drugs 
in treating metastatic head and neck cancer include platinum compounds, taxane agents, and 5- 
fluorouracil. A newer agent, cetuximab (a monoclonal antibody targeting the epidermal growth 
factor receptor [EGFR]), is combined with radiation therapy for the treatment of locally 
advanced head and neck cancer based on a randomized trial that showed a near doubling of 
median survival. 
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Thyroid Cancer 


Thyroid cancer is the most common endocrine cancer, occurring in an estimated 33,550 
individuals in the United States and resulting in 1500 deaths per year. The incidence of thyroid 
nodules in the general population is 4% to 7% and is higher in women than men (2:1 ratio). The 
prevalence of thyroid cancer in patients with a solitary nodule or multinodular thyroid gland is 
10% to 20%. Nodules occurring in the very young or the very old are more likely to be 
cancerous than those occurring in other populations. 


Thyroid cancer is classified into four main types according to morphology and biologic behavior: 
papillary, follicular, medullary, and anaplastic. Differentiated (papillary and follicular) tumors 
account for more than 90% of thyroid malignancies. Gender- and age-adjusted survival rates for 
patients with papillary, follicular, and anaplastic carcinoma are 98%, 92%, and 13%, 
respectively. Medullary thyroid cancer represents 5% to 10% of all thyroid neoplasms. 
Approximately 80% of patients with medullary thyroid cancer have a sporadic form of the 
disease, whereas the remaining 20% have inherited disease. Anaplastic carcinoma represents less 
than 5% of all thyroid carcinomas. 
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Evaluation and Diagnosis 


Most cases of thyroid cancer present as asymptomatic thyroid nodules. On examination, a hard 
or firm and fixed thyroid nodule may represent malignancy. See Table 34 for clinical features 
suggestive of a malignancy in patients with thyroid nodules. Laboratory evaluation, including a 
thyroid-stimulating hormone test, can help differentiate a thyrotoxic nodule from an euthyroid 
nodule. In euthyroid patients with a nodule, fine-needle aspiration biopsy should be performed to 
establish diagnosis, and radionuclide scanning should be reserved for patients with indeterminate 
cytology or thyrotoxicosis. The likelihood of obtaining insufficient specimens from fine-needle 
aspiration biopsy decreases when ultrasound guidance is used. 


A characteristic feature of medullary thyroid carcinoma is the production of calcitonin. In 
addition, the C cells in medullary thyroid carcinoma originate from the embryonic neural crest; 
as a result, these tumors often have the clinical and histologic features of other neuroendocrine 
tumors such as carcinoid and islet-cell tumors. Thus, serum calcitonin levels can be used to 
monitor disease status. Although greater than 80% of cases are sporadic, medullary thyroid 
carcinoma may be associated with multiple endocrine neoplasia type 2A (MEN-2A), MEN-2B, 
or familial non-MEN. 


The MEN-2A and MEN-2B syndromes are characterized by medullary thyroid cancer and 
pheochromocytoma. Therefore, it is imperative that 24-hour urine catecholamine levels are 
measured in patients with familial medullary thyroid cancer to rule out the presence of 
pheochromocytoma. Germ-line mutations in the RET proto-oncogene are responsible for familial 
non-MEN medullary thyroid carcinoma in addition to MEN-2A and MEN-2B. It is important to 
search for an inherited form of medullary thyroid cancer in patients with this disease unless 
inherited status has already been established. Approximately 95% of patients with the RET 
mutation eventually develop medullary thyroid cancer; consequently, prophylactic 
thyroidectomy is recommended in these patients. 


Table 34. Clinical Features Suggestive of Malignancy in 
Patients With Nodular Thyroid Disease 


Category Notes 
Highest suspicion of Rapid tumor growth, very firm nodule, fixation to adjacent structures, 
malignancy vocal cord paralysis, enlarged regional lymph nodes 


Moderate suspicion of Male: age <20 or >60 years; history of radiation; solitary nodule; 
malignancy diameter >4 cm 


Low suspicion of Female: age >20 years; no significant historical features; soft or rubbery 
malignancy nodule <4 cm 


Adapted with permission from Hamming JF, Goslings BM, van Steenis GJ, van Ravenswaay 
Claasen H, Hermans J, van de Velde CJ. The value of fine-needle aspiration biopsy in patients 
with nodular thyroid disease divided into groups of suspicion of malignant neoplasms on clinical 


grounds. Arch Intern Med. 1990;150(1):113-116. [PMID: 2297281] Copyright 1990, American 
Medical Association. All rights reserved. 
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Treatment 


If cytologic results of the nodule show malignant or indeterminate cells, then thyroidectomy is 
generally performed. Surgery is the primary mode of therapy for patients with differentiated 
thyroid carcinoma and should be done by experienced surgeons to reduce the risk for 
hypoparathyroidism and recurrent laryngeal nerve injury. Total thyroidectomy is generally 
recommended if the primary tumor is at least 1 to 2 cm in diameter or if extrathyroidal extension 
or metastases are present. Unilateral lobectomy and isthmusectomy may be appropriate for 
patients with lower-risk tumors. Neck dissection is generally performed in patients with 
clinically involved lymph nodes, large tumors with poor features, and medullary carcinoma. 
After initial surgery, all patients should receive levothyroxine both to prevent hypothyroidism 
and to minimize potential thyroid-stimulating hormone (TSH) stimulation of tumor growth. 


Radioactive iodine is then administered postoperatively to patients who have multiple tumors of 
the thyroid gland, large tumors, locally invasive tumors, or remote metastases. Iodine 131 (1) 
administered postoperatively to ablate remnants of thyroid tissue or residual disease may 
improve survival in patients with papillary and follicular tumors. This is important because 
relapsing disease develops in approximately 12% of patients who have no evidence of disease 
after primary therapy. Tumors that are not treatable with the combination of surgery, 
levothyroxine therapy, and repeat doses of '*'I are treated with external-beam radiation therapy 
or chemotherapy, but the response to these therapies is poor. Radioiodine is not taken up by C 
cells and is therefore not a treatment option for patients with medullary thyroid cancer. 


Anaplastic carcinoma of the thyroid is an exceptionally aggressive disease. There is no effective 
therapy for advanced or metastatic anaplastic thyroid carcinoma, and the disease is uniformly 
fatal. The median survival from diagnosis ranges from 3 to 7 months. Death is usually 
attributable to upper-airway obstruction and suffocation (often despite tracheostomy) or to a 
combination of complications of local and distant disease. 
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Genitourinary Cancer 


Prostate Cancer 
Testicular Cancer 
Bladder Cancer 
Renal Cancer 


Key Points 


Both radical prostatectomy, with or without pelvic lymph node dissection, and radiation 
therapy are equally effective treatment options for patients with early-stage prostate 
cancer. 

Expectant observation may be warranted for some patients with prostate cancer and an 
anticipated overall survival of less than 10 years based on age and comorbid disorders. 
Chemical castration is as effective as surgical castration in reducing testosterone levels in 
patients with prostate cancer. 


e Docetaxel-based therapy improves median overall survival in patients with hormone- 
refractory metastatic prostate cancer. 

e Testicular germ cell malignancies (seminomas and nonseminomas) are the most common 
solid tumors in male patients 15 to 34 years of age. 

e Seminomas and nonseminomas are highly curable and are often associated with a good 
prognosis even when disseminated. 

e Radical orchiectomy is the initial treatment for both seminomas and nonseminomas. 

e Bladder cancer is a smoking-related malignancy. 

e The diagnosis of bladder cancer is often delayed because symptoms may be similar to 
those of urinary tract infection, cystitis, or prostatitis. 

e Treatment of superficial bladder cancer involves transurethral resection of the bladder 
tumor followed by intravesical administration of bacillus Calmette-Guérin or other 
agents. 

e Treatment of advanced or recurrent bladder cancer involves cystectomy and adjuvant 
chemotherapy. 

e Most renal cancers are of the clear cell type associated with the von Hippel—Lindau 
(VHL) mutation. 

e Early-stage renal cancer is treated surgically. 

e Three new targeted agents (sunitinib, sorafenib, and temsirolimus) have recently been 
approved that prolong the time to disease progression in patients with renal cancer. 
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Prostate Cancer 


Prostate cancer is the most common cancer in men and accounts for 29% of all malignancies in 
male patients. It is also the second most common cause of cancer-related deaths in men, after 
lung cancer. Approximately 218,900 new cases are diagnosed in the United States each year, and 
about 27,000 deaths related to prostate cancer occur annually. The lifetime risk of developing 
prostate cancer is 1 in 6 with a risk of death from this malignancy of 1 in 30. Risk factors include 
increasing age, race (highest in blacks, second highest in whites, and lowest in Asian 
Americans), and family history (twofold higher risk if a first-degree relative has prostate cancer). 
The role of modifiable risk factors is more controversial, although some studies suggest that a 
diet high in fats and low in vegetable content and selenium may increase the risk. Men with a 
history of prostatitis have a modestly increased risk. Vasectomy does not increase the risk of 
developing this malignancy. 
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Diagnosis and Staging 


Prostate cancer is most often diagnosed following prostate-specific antigen (PSA) screening in 
asymptomatic men. Patients may also present with symptoms of prostatic hyperplasia, such as 


incomplete voiding, a decreased urinary stream, and frequent nocturia. The most common 
symptoms in patients with metastatic disease are bone pain and, less frequently, spinal cord 
compression and neurologic deficits. 


The prostate may be normal or diffusely enlarged on digital rectal examination. The presence of 
palpable nodules or asymmetric areas of induration is more suggestive of malignant disease. If 
abnormalities are found on digital rectal examination, transrectal ultrasonography should be done 
to evaluate the anterior and medial portions of the prostate that are difficult to assess by physical 
examination. Transrectal biopsy of the prostate is the definitive diagnostic study and should be 
done in all patients with asymmetric induration or nodularity. Patients with an elevated or rising 
serum PSA level noted during routine screening should also undergo prostate biopsy, even if 
they are asymptomatic. Once a diagnosis of prostate cancer is made, additional studies such as a 
bone scan or CT scan of the abdomen and pelvis should be considered in patients with signs or 
symptoms suggestive of distant spread of the malignancy. 


The risk of death from prostate cancer is determined by the stage of the disease, Gleason score, 
and serum PSA level. Staging is based on the TNM (tumor-node-metastasis) classification 
developed by the American Joint Committee on Cancer. The clinical tumor stage varies from T1 
to T4 lesions. T1 tumors are clinically inapparent lesions that are not palpable on digital rectal 
examination or visible on diagnostic imaging studies. T2 tumors are confined to the prostate 
gland, T3 lesions extend through the prostate capsule, and T4 lesions are fixed tumors that 
invade adjacent tissue. Involvement of regional lymph nodes is classified as N1 disease, and 
metastasis to distant nonregional lymph nodes and other organs is considered M1 disease. 
Tumors may also be classified by pathologic stage (Table 35). 


In addition to TNM staging, prostate cancer is graded histologically by determining the Gleason 
score. This method takes into account the heterogeneity in histologic patterns that is often found 
in prostate cancer specimens and has been shown to be of significant prognostic value. Criteria 
for patients at risk for metastasis and for failure of serum PSA levels to normalize after definitive 
therapy have also been identified and are based primarily on the clinical stage of the tumor, 
Gleason score, and serum PSA level at the time of diagnosis (Table 36). 


Table 35. AJCC Stage Groupings for Prostate Cancer 


Stage I 

Tla, NO, MO, G1 
Stage II 
Tla, NO, MO, G2-4 
T1b, NO, MO, any G 
Tic, NO, MO, any G 
T1, NO, MO, any G 
T2, NO, MO, any G 
Stage III 
T3, NO, MO, any G 


Stage IV 
T4, NO, MO, any G 
Any T, N1, MO, any G 
Any T, any N, M1, any G 
AJCC = American Joint Committee on Cancer. 


Table 36. Prostate Cancer Recurrence Risk 


Risk Tumor (T) Stage Gleason Score PSA at Diagnosis (ng/mL) 


Low T1-T2a 2-6 <10 
Intermediate T2b—T2c 7 10-20 
High T3a 8—10 >20 


PSA = prostate-specific antigen. 
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Treatment 


The National Comprehensive Cancer Network has developed guidelines for the initial treatment 
of men with prostate cancer based on their risk score and general life expectancy. As prostate 
cancer is more common in elderly men with comorbid disorders, the general life expectancy is 
critical to making informed decisions about treatment options (Table 37). 


Table 37. Initial Treatment of Prostate Cancer 


Risk Life Expectancy Treatment Options 
Low <10 years Observation 
>10 but <20 years Observation or 
Radiation therapy or 
Radical prostatectomy 
220 years Radiation therapy or 
Radical prostatectomy 
Intermediate <10 years Observation or 
Radiation therapy or 
Radical prostatectomy 
210 years Radiation therapy or 
Radical prostatectomy 


High <5 years Observation with hormonal therapy 
25 years Radiation therapy with hormonal therapy or 
Radiation therapy alone or 
Radical prostatectomy 


Information from NCCN Clinical Practice Guidelines in Oncology: Prostate Cancer. National 


Comprehensive Cancer Network. www.nccn.org/professionals/physician_gls/PDF/prostate.pdf. 
Accessed on December 21, 2008. 
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Surgery 


Radical prostatectomy, with or without pelvic lymph node dissection, is generally considered for 
patients with disease limited to the prostate who have a life expectancy of 10 years or more. 
Prostatectomy can now be performed laparoscopically or with robotic assistance, preferably by 
surgeons experienced in these techniques. Advances in surgical techniques have decreased the 
long-term risks of erectile dysfunction and urinary incontinence. However, the risks associated 
with general anesthesia must always be considered because of the high incidence of comorbid 
disorders in this patient population. 
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Radiation Therapy 


Because of significantly improved techniques for external-beam radiation therapy for prostate 
cancer, patients who undergo either radiation therapy or surgery now have similar disease-free 
survival. Radiation therapy is less likely to cause erectile dysfunction and urinary incontinence in 
the short term and avoids the risks associated with general anesthesia, perioperative bleeding, 
and infection. However, radiation treatment often must be given for 8 or more weeks and is 
associated with long-term toxic effects, including radiation proctitis and cystitis. In addition, the 
risk for erectile dysfunction may increase over time. Newer modalities such as intensity- 
modulated radiation therapy decrease these risks, as does brachytherapy (implantation of 
radioactive sources directly into the prostate), which attempts to avoid irradiating surrounding 
tissues, such as the bladder and rectum. 
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Androgen Deprivation Therapy 


Patients with high-risk disease may benefit from short-term (4 to 6 months) androgen deprivation 
therapy (hormonal therapy) using a gonadotropin-releasing hormone (GnRH) agonist plus 
bicalutamide, with or without pelvic lymph node irradiation. Androgen-blocking agents given 
before, during, and after radiation therapy have been shown to improve survival in patients with 
high-risk localized or locally advanced disease. Androgen deprivation therapy is also used as 
first-line treatment for patients with a rising serum PSA level after initial definitive therapy for 
prostate cancer or for those with metastatic disease. 


Use of GnRH agonists (chemical castration) is as effective as bilateral orchiectomy (surgical 
castration) in treating patients with metastatic disease. Chemical castration is often preferred 
psychologically and is reversible after discontinuation of therapy but requires repeated 
intramuscular or subcutaneous administration of hormonal agonists over long periods of time. 
GnRH agonists act by disrupting the pituitary—testes axis, thereby decreasing testosterone levels. 
Oral antiandrogens such as bicalutamide, flutamide, and nilutamide act by blocking the androgen 
receptors on cancer cells. 


Typical adverse effects of androgen deprivation therapy include impotence, hot flushes, weight 
gain, fatigue, gynecomastia, osteopenia, diarrhea, hepatotoxicity, diabetes, and cardiovascular 
disease, and, possibly, decreased night vision. Men taking antiandrogens should add calcium and 
vitamin D supplements to their diet, and those with osteopenia should be treated with 
bisphosphonates. 
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Chemotherapy 


Patients with metastatic prostate cancer are first treated with androgen deprivation therapy. 
Although prostate cancer initially is androgen dependent, over time, cancer cells become 
androgen independent, resulting in hormone-refractory disease in patients in whom metastatic 
disease progresses despite androgen deprivation therapy. Chemotherapy has recently been shown 
to prolong life expectancy in many of these patients. Several randomized trials have 
demonstrated a 3- to 6-month survival benefit for patients treated with docetaxel-based therapy 
compared with those treated with mitoxantrone plus prednisone. Patients who receive docetaxel 
now have a median survival of 16 to 18 months. Newer investigational agents, either alone or in 
combination with docetaxel and mitoxantrone, are currently undergoing clinical trials. 


Bone is a common site of prostate cancer metastases, and supportive measures such as bone- 
directed therapies are often warranted. Bisphosphonates such as zoledronic acid or pamidronate 
reverse or prevent osteopenia, inhibit tumor-mediated bone resorption, decrease morbidity from 
bone fractures or bone pain, and may directly inhibit the growth of tumor cells. Other bone- 
directed radiopharmaceuticals such as strontium-89 or samarium-153 can be used to help relieve 
bone pain in patients who no longer respond to hormonal therapy or standard chemotherapy. 
However, because of cumulative myelotoxicity, radiopharmaceutical agents are generally 
reserved for palliation in patients for whom additional systemic therapy is contraindicated. 
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Prostate Cancer Recurrence after Definitive Therapy 


Up to 50% of prostate cancer recurrences occur within the first 2 years after completion of 
definitive therapy, 75% develop within 5 years, and 95% develop within 9 years. Digital rectal 
examination is recommended yearly for all patients after completing definitive therapy. A serum 
PSA level should also be obtained every 6 to 12 months for the first 5 years after treatment. A 
rising PSA level indicates biochemical recurrence, and estimates of survival can be made from 
the time of completion of treatment to the rise in the PSA, the rate of that rise, and the initial 
Gleason score. Although recurrent disease after definitive therapy of early-stage prostate cancer 
is incurable, significant palliation can be achieved with hormone deprivation therapy and 
chemotherapy. 
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Testicular Cancer 


Testicular cancer is generally considered a highly curable malignancy. About 7920 new cases of 
testicular cancer were diagnosed in the United States in 2007, with only 380 deaths. Ninety-five 
percent of malignancies arising in the testes are germ cell tumors. The overall incidence of germ 
cell tumors is increasing in the United States, and germ cell malignancies are the most common 
solid tumors in male patients between 15 and 34 years of age. These tumors may also occur in 
extragonadal primary sites, such as the retroperitoneum and mediastinum, but are still treated as 
testicular germ cell tumors. 


The primary risk factors for development of testicular cancer are the presence of Klinefelter 
syndrome and a family history of testicular neoplasms. Patients with cryptorchidism also have an 
increased risk of developing germ cell neoplasms. This risk is reduced, but not eliminated, 
following surgical correction of cryptorchidism. Approximately 25% of germ cell tumors in 
patients with cryptorchidism occur in the normal descended testis. A premalignant lesion, 
intratubular germ cell neoplasia, is often found adjacent to germ cell cancers and has been noted 
in about 1% of men undergoing testicular biopsy for the evaluation of infertility as well as in 
patients with cryptorchidism or Klinefelter syndrome. 


Germ cell tumors are classified as seminomas or nonseminomatous testicular germ cell tumors 
(nonseminomas). Nonseminomas include several different histologic types, such as embryonal 
cell tumors, choriocarcinomas, yolk sac tumors, and teratomas. Patients with pure seminomas 
have a better prognosis than those with nonseminomas. Several serum tumor markers, including 
a-fetoprotein (AFP), lactate dehydrogenase (LDH), and human chorionic gonadotropin (hCG), 
are useful for determining the prognosis and following the patient’s clinical course. An elevated 
serum AFP level always indicates that the tumor has a nonseminomatous component, as this 
marker is produced by embryonal or yolk sac tumor cells, whereas hCG may be present in 


seminomatous or nonseminomatous tumors. Any testicular cancer that has a nonseminomatous 
component based on histologic examination or the presence of an elevated serum AFP level is 
considered a nonseminoma and is treated as such. 
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Diagnosis and Staging 


Patients typically present with a painless solid testicular mass or a testicular mass associated with 
mild discomfort or swelling. Approximately 10% of patients have acute testicular pain, and 
another 10% may have cough, dyspnea, bone pain, or other symptoms due to metastatic disease. 
All patients with a palpable mass require testicular ultrasonography. Staging studies include a CT 
scan of the abdomen and pelvis, chest radiograph, and measurement of serum AFP, LDH, and 
hCG levels. 


Testicular cancer is staged according to the American Joint Committee on Cancer TNM staging 
system. The extent of the primary tumor is determined by pathologic study of surgical samples 
obtained during radical orchiectomy (which is the first-line treatment for all testicular tumors). 
T1 tumors are limited to the testes and epididymides, T2 tumors have vascular or lymphatic 
invasion or extend into the tunica vaginalis, T3 tumors invade the spermatic cord, and T4 tumors 
invade the scrotum. Lymph node metastases are classified as N1 to N3, based on the size of the 
involved regional lymph nodes. For example, metastases in a regional lymph node measuring 2 
cm or less with no other regional lymph nodes measuring more than 2 cm are classified as N1 
tumors. The M stage is determined by the spread of metastases to nonregional lymph nodes or to 
the lung or other distant sites. 


The presence of serum tumor markers is also used to classify testicular tumors. The designation 
“S” is a special classification used only for testicular cancers. Lesions associated with normal 
serum tumor markers are classified as SO, whereas tumors associated with increasingly abnormal 
levels of serum LDH, hCG, and AFP are classified as S1 to S3. 


Testicular cancers are further staged into groups based on the TNM classification plus the degree 
of serum tumor marker elevation. These groups range from stage I (early-stage) to stage III (late- 
stage) disease. There is no stage IV classification for testicular cancer. Patients are also classified 
according to risk. The risk classification for patients with seminomas and nonseminomas is 
shown in Table 38. 


Table 38. Risk Status for Patients with Nonseminomas and 
Seminomas 


Risk Status Nonseminoma Seminoma 


Good Testicular or retroperitoneal primary Any primary site and 
tumor and 


No nonpulmonary visceral metastases and No nonpulmonary visceral metastases 


Good tumor markers — all of the 
following: 


AFP <1000 ng/mL (1000 ug/L) 
hCG <5000 U/L 
LDH <1.5 x upper limit of normal 


Intermediate Testicular or retroperitoneal primary 


Poor 


tumor and 


and 
Tumor markers: 


Normal AFP 

Any hCG value 

Any LDH value 

Any primary site and 


No nonpulmonary visceral metastases and No nonpulmonary visceral metastases 


Intermediate tumor markers — any of the 


following: 


AFP 1000—10,000 ng/mL (1000-10,000 


pg/L) 

hCG 5000-50,000 U/L 

LDH <1.5—10 x upper limit of normal 
Mediastinal primary tumor or 


Nonpulmonary visceral metastases or 


Poor tumor markers — any of the 
following: 


AFP >10,000 ng/mL 
hCG >50,000 U/L 
LDH 10 x upper limit of normal 


and 
Tumor markers: 


Normal AFP 


Any hCG value 
Any LDH value 


No patients classified as having a poor 
prognosis 


AFP = a-fetoprotein, hCG = human chorionic gonadotropin, LDH = lactate dehydrogenase. 


Reprinted with permission from the International Germ Cell Cancer Collaborative Group 
International Germ Cell Consensus Classification: A Prognostic Factor-based Staging System for 
Metastatic Germ Cell Cancers. J Clin Oncol. 1997;15(2):594-603. Copyright 2008, The 
American Society of Clinical Oncology. 
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Treatment 


Seminomatous Tumors 


Nonseminomatous Tumors 
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Seminomatous Tumors 


After initial surgical resection (radical orchiectomy), patients with low-risk, early-stage 
seminomas (stage I disease) are usually treated with radiation therapy to include the paraaortic 
lymph nodes and often the ipsilateral ilioinguinal lymph nodes. Patients in whom postoperative 
irradiation is contraindicated can generally be followed with close observation because, even 
without adjuvant radiation therapy, only 15% to 20% relapse, and most relapses occur within the 
first year. However, radiation therapy is recommended for patients with intermediate disease 
(stage IIA or IIB). Alternatively, four cycles of etoposide and cisplatin can be administered. For 
patients with more advanced disease (stage IIC or III), standard chemotherapy with four cycles 
of etoposide and cisplatin is recommended. This regimen is as effective as three cycles of 
bleomycin, etoposide, and cisplatin and avoids the acute and chronic pulmonary toxicity 
associated with administration of bleomycin. However, four cycles of bleomycin, etoposide, and 
cisplatin are still advised for intermediate-risk patients with nonpulmonary visceral metastases. 
Non-bleomycin—containing chemotherapeutic regimens are currently being evaluated for most 
patients who require chemotherapy. 


Aggressive surveillance is required after treatment for seminoma. Follow-up care should include 
a history and physical examination, chest radiograph, and tumor marker assays every 2 months 
for the first year, as early detection of recurrent disease and prompt treatment are thought to 
enhance the likelihood of cure. Thereafter, follow-up history and physical examination, chest 
radiograph, and tumor marker assays are recommended every 3 months for the second year, 
every 4 months for the third year, every 6 months for the fourth year, and then annually. A CT 
scan of the abdomen and pelvis should be scheduled annually for the first 3 years. 
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Nonseminomatous Tumors 


Patients with nonseminomas have a poorer prognosis than those with seminomas and therefore 
require more aggressive treatment. As with seminomas, initial treatment of nonseminoma is 
radical orchiectomy. This is followed by surveillance alone or by retroperitoneal lymph node 
dissection to determine the presence of residual disease. Postoperative surveillance alone is an 
option for highly compliant patients with early-stage disease. About 20% to 30% of patients who 
decide on surveillance will relapse, and all patients therefore need to be followed closely. More 
often, a nerve-sparing retroperitoneal lymph node dissection is performed by an experienced 
surgeon. The cure rate with either approach is 95%. If metastases are found during 
retroperitoneal lymph node dissection, chemotherapy is usually recommended with etoposide 
and cisplatin or etoposide, cisplatin, and bleomycin. Patients with elevated serum tumor marker 
levels postoperatively but without radiographic evidence of disease should also receive 
chemotherapy. 


Patients with more advanced disease and those with extragonadal primary tumors, such as 
retroperitoneal or mediastinal lesions, are treated primarily with chemotherapy. Cure rates in 
good-risk patients approach 90%. However, 20% to 30% of intermediate-risk and poor-risk 
patients are not cured with conventional cisplatin-based therapy. Nonpulmonary visceral 
metastases, high serum tumor marker levels, and mediastinal primary tumor sites are considered 
poor prognostic features, and only about 50% of patients with these findings are cured despite 
aggressive chemotherapy. 


If radiographic evidence of residual disease is found after completing chemotherapy and serum 
tumor marker levels have normalized, aggressive surgery to remove these lesions is warranted. 
Although the lesions may only be necrotic debris, they may also be mature teratomas, which do 
not respond to chemotherapy. If viable tumor is found at resection, two additional cycles of 
chemotherapy are administered. Salvage therapy is indicated for patients who have an 
incomplete response to first-line therapy or who develop disease recurrence. In addition to 
etoposide, cisplatin, and bleomycin, agents used for salvage therapy include ifosfamide (together 
with cisplatin), vinblastine, and paclitaxel. Autologous stem cell transplantation may also be 
indicated, and durable complete responses have been reported in 15% to 20% of patients 
following this procedure. 


As in patients with seminomas, patients with nonseminomas should adhere to strict follow-up 
guidelines. Frequent chest radiographs, serum tumor marker assays, and CT scans of the 
abdomen and pelvis are recommended because of the potential for cure even in patients with 
recurrent disease. 
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Bladder Cancer 


Approximately 67,200 new cases of bladder cancer are diagnosed in the United States each year, 
and about 13,750 deaths due to this disease occur annually. About 80% of all bladder cancers are 
diagnosed in patients over 60 years of age. Men are affected four times more often than women. 
Bladder cancer is considered a smoking-related malignancy with a two- to threefold increased 
risk in smokers compared with nonsmokers. Other environmental exposures, such as chemicals 
used in textile industries, may account for up to 20% of all bladder cancers. In other parts of the 
world, schistosomiasis is also associated with the development of this neoplasm. 
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Diagnosis and Staging 


Because patients typically present with symptoms suggestive of urinary tract infection, 
interstitial cystitis, or prostatitis, the diagnosis of bladder cancer is often delayed. The most 
common presenting symptom is hematuria, which is frequently macroscopic and painless. 


Tumors that are locally advanced or metastatic may cause suprapubic, perineal, or flank pain due 
to obstruction. Bladder cancer commonly metastasizes to bone, and bone pain can be a 
presenting sign of advanced disease. In addition to pain and irritation, patients may have 
difficulty voiding that may be accompanied by systemic symptoms such as fatigue, weight loss, 
and poor appetite. 


Bladder cancer is usually diagnosed by cystoscopy and biopsy. Transurethral resection of a 
bladder tumor will help determine the histologic subtype and depth of invasion. Most urothelial 
cancers are transitional cell carcinomas. Less common histologic subtypes include 
adenocarcinomas, squamous cell tumors, and small cell tumors. Once the diagnosis is 
established, additional staging studies may include intravenous pyelography to evaluate the 
upper urinary tract, CT scan of the abdomen and pelvis, and, possibly, a bone scan if the patient 
has an elevated serum alkaline phosphatase level or bone pain. 


Bladder cancer is staged using the TNM staging system. Ta tumors are noninvasive papillary 
carcinomas. T1 tumors invade the subepithelial connective tissue, T2 tumors invade muscle, T3 
tumors invade perivesical tissue, and T4 tumors invade adjacent organs such as the prostate, 
uterus, vagina, pelvic wall, or abdominal wall. Lymph node involvement is classified as N1 to 
N3, based on the number and size of involved nodes. Distant metastases are classified as either 
absent (MO) or present (M1). 
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Treatment 


Therapy for superficial bladder cancer is primarily managed by urologic oncologists. After 
transurethral resection of the bladder tumor, patients may receive intravesical therapy with 
bacillus Calmette-Guérin or other agents such as mitomycin C. Because of the high likelihood of 
recurrence of bladder cancer, patients are followed with repeat cystoscopy and urine cytologic 
studies every 3 months. 
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Advanced or Recurrent Bladder Cancer 


Cystectomy is recommended for treating patients with bladder carcinoma in situ or T1 disease 
that recurs following therapy with bacillus Calmette-Guérin or other intravesical agents. Radical 
cystectomy is recommended for patients who have a tumor that invades muscle. Ongoing studies 
are evaluating the role of preoperative chemotherapy and radiation therapy so that patients may 
undergo bladder-preserving surgical techniques with reasonable outcomes. 


Patients with locally advanced disease (stage T3b or T4) or with regional lymph node metastases 
have 5-year survival rates that are generally less than 20% and should receive postoperative 


radiation therapy or adjuvant chemotherapy. The effectiveness of cisplatin-based adjuvant 
chemotherapy has been studied in several controlled clinical trials. Results varied, as some 
studies found a survival benefit, whereas others showed no overall benefit. The studies that did 
not report a benefit may have enrolled insufficient numbers of patients or used suboptimal 
chemotherapy regimens. Nonetheless, compared with observation alone, adjuvant chemotherapy 
appears to delay tumor progression at the very least. However, there is no widely accepted 
standard of care for patients with advanced bladder cancer, and the same treatment regimens 
used to treat advanced bladder cancer are also used in the adjuvant setting. 
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Metastatic Disease 


A regimen that includes methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) was 
previously considered the standard of care for treatment of metastatic bladder cancer. However, 
this regimen is quite toxic. A recent randomized phase III trial compared the effectiveness of 
MVAC therapy with that of gemcitabine plus cisplatin. The gemcitabine-cisplatin regimen was 
better tolerated and had a similar response rate (49% versus 46%) and similar time-to-treatment 
failure (5.8 months versus 4.6 months). Median overall survival for both arms of the study was 
comparable (13.8 months versus 14.8 months). Carboplatin is a slightly better tolerated agent 
that can be substituted for the more emetogenic and ototoxic cisplatin. Other active agents for 
treatment of metastatic bladder cancer include paclitaxel and docetaxel. Newer agents such as 
cetuximab, a monoclonal antibody targeting the epidermal growth factor receptor, are currently 
being evaluated in clinical trials. 
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Renal Cancer 


Although cancer of the kidneys and pelvis accounts for only 3% of all adult malignancies in the 
United States, the incidence has been increasing over the past several years. Approximately 
51,200 new cases of kidney and renal pelvis cancer are diagnosed in this country each year, and 
about 12,900 cancer-related deaths occur annually. The typical age of onset is 50 to 70 years, and 
men are affected more often than women. Tobacco and hereditary factors contribute to the risk 
for developing renal cancer. Most renal cancers are of the clear cell type associated with the von 
Hippel—Lindau (VHL) gene mutation. About 15% are of the papillary cell type. Because any of 
the histologic subtypes may have sarcomatoid features, renal cancer is a fairly aggressive 
malignancy. 


Patients with von Hippel—Lindau disease (an inherited disorder characterized by various benign 
and malignant tumors) are prone to cancers of the kidney, brain, spinal cord, adrenal glands, 
pancreas, and epididymis. About 40% of these patients develop multiple bilateral tumors or cysts 
in the kidneys. 


PreviousNext 
Diagnosis and Staging 


Hematuria is the most common symptom in patients with renal cancer. Flank pain may also 
occur but usually develops only in those with more advanced disease. Many patients are 
asymptomatic, and the cancer is found incidentally during imaging studies for other disorders. 
The diagnosis is generally established by a CT scan of the abdomen and pelvis. Additional 
imaging studies may also be indicated to detect the presence of possible metastases. 


Renal cancer is staged using the TNM staging system. The TNM findings are then grouped to 
determine the stage of disease (stage I to stage IV). Stage I tumors are small lesions that are 
limited to the kidney without lymph node involvement or metastatic spread. Stage IV tumors are 
characterized by involvement of two or more regional lymph nodes, tumor that extends beyond 
Gerota’s fascia, or the presence of distant metastatic lesions. 


Five-year overall survival rates are 95% for patients with stage I renal cancer, 88% for stage II 
disease, 60% for stage III disease, and 20% for stage IV disease. Risk factors associated with a 
poorer prognosis include the presence of disease-related symptoms, time from diagnosis to 
development of metastatic disease of less than 1 year, a hemoglobin level of 13.0 g/dL (130 g/L) 
or less in men and 11.5 g/dL (115 g/L) or less in women, a corrected serum calcium level greater 
than 10 mg/dL (2.5 mmol/L), and an elevated serum lactate dehydrogenase level. Patients with 
metastatic disease (Stage IV disease) with no risk factors have a median survival of 29 months, 
patients with one or two risk factors have a median survival of 14 months, and those with three 
or more risk factors have a median survival of 4 months. 
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Treatment 


Early-stage localized renal cancer is managed surgically by either partial or radical nephrectomy. 
Treatment of advanced or metastatic disease is evolving. Immunotherapeutic agents such as 
interleukin-2 and interferon alfa provide a very modest survival benefit for patients with late- 
stage disease but are associated with considerable toxicity. Immunotherapy has now generally 
been supplanted by targeted therapy, which has resulted in a radical change in the treatment of 
renal cancer. Several targets that play an important role in renal cancer development and 
progression include vascular endothelial growth factor (VEGF), vascular endothelial growth 
factor receptor (VEGFR), and the mammalian target of rapamycin (mTOR). Recent 
developments in understanding the tumor biology that influences the growth of renal cell cancers 
have resulted in the development of targeted agents that have proved to be effective in large 
randomized clinical trials. Three agents (sunitinib, sorafenib, and temsirolimus) were recently 
approved for treatment of metastatic renal cell carcinoma and at least 15 new agents are currently 
being studied. 


Sunitinib is a small-molecule-receptor tyrosine kinase inhibitor that inhibits VEGFR, platelet- 
derived growth factor receptor (PDGFR), c-kit, and fluorothymidine-3 (FLT-3). A large phase III 
study randomized 690 patients to receive either interferon alfa or sunitinib as first-line therapy 
for metastatic disease. The sunitinib arm of the study was associated with a significantly 
increased response rate (31% versus 5%) and a 6-month increase in progression-free survival. 
Sorafenib is the second small-molecule-receptor tyrosine kinase inhibitor that was recently 
approved for use in patients with advanced disease. This oral agent inhibits VEGFR-2, VEGFR- 
3, FLT-3, PDGEFR, c-kit, and Raf kinase. In a phase III study, the median progression-free 
survival for patients enrolled in the sorafenib arm was 24 weeks compared with 6 weeks for the 
placebo. Temsirolimus is the third recently approved targeted agent. This agent inhibits mTOR, 
which is an intermediate in the phosphoinositide-3 kinase/Akt pathway. Poor-risk patients with 
advanced metastatic renal cell carcinoma were randomized to receive interferon alfa alone, 
temsirolimus alone, or interferon alfa plus temsirolimus. Both overall and progression-free 
survival improved in patients receiving temsirolimus alone. 


The agents discussed above and other new targeted therapies are now being evaluated in the 
postoperative setting in hopes of decreasing the risk of relapse and ultimately improving the 
chance for cure in patients with advanced renal cancer. 
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Lymphadenopathy and Lymphoid Malignancies 


Lymphadenopathy 
Malignant Lymphoma 


Key Points 


Malignancy is the underlying cause of lymphadenopathy in less than 1% of patients in 
primary care, although the risk increases with advancing age and the chronicity of the 
findings. 

The physical examination in patients with lymphadenopathy should focus on the size, 
number, consistency, and location of enlarged lymph nodes; signs of associated infection; 
evidence of masses in other sites; and the presence of splenomegaly or skin lesions. 
Laboratory tests in the setting of lymphadenopathy might include a complete blood count 
with review of the peripheral smear, evaluation of antibody titers against viral and other 
infectious agents, evaluation for connective tissue disease markers, and microbial cultures 
as indicated. 

Chemicals used in farming, such as organochlorine agents, have been associated with an 
increased risk for non-Hodgkin lymphoma, but the use of hair dye has not. 

Diagnosis of non-Hodgkin lymphoma should be established by biopsy, not fine-needle 
aspiration, and confirmed by microscopy and flow cytometry and fluorescent in-situ 
hybridization or cytogenetics. 

Fifty percent of patients with early-stage follicular lymphoma who are able to receive 
radiation therapy are disease free after 10 years. 

A combination of antibiotics, including metronidazole, amoxicillin, or clarithromycin, 
with proton pump inhibitor therapy, is used to eradicate the Helicobacter pylori infection 
in patients with gastric mucosa-associated lymphoid tissue lymphoma. 

Radiation is often used to treat mucosa-associated lymphoid tissue lymphoma when an 
antibiotic approach is not successful or for sites other than the stomach. 

The primary treatment for diffuse large cell lymphoma is cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP) with rituximab. 

Patients with early-stage Hodgkin lymphoma should be treated with a short course of 
chemotherapy and irradiation to any involved areas. 

The mainstay of treatment for patients with hairy cell leukemia is cladribine. 

Treatment for early-stage mycosis fungoides is directed at the skin and includes topical 
corticosteroids, mechlorethamine, carmustine, and retinoids. 


e Criteria for initiating treatment in patients with chronic lymphocytic leukemia include 
fever, weight loss, and night sweats; symptoms due to lymph node enlargement; 
hepatosplenomegaly; or worsening cytopenia. 

e No treatment short of allogeneic stem cell transplantation has curative potential in 
patients with chronic lymphocytic leukemia. 

e Fludarabine, cyclophosphamide, and rituximab therapy has yielded the highest response 
rates in patients with chronic lymphocytic leukemia. 
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Lymphadenopathy 


Although most lymphadenopathy is self-limited, caused by upper respiratory tract illness, or not 
determined, there is a broad differential diagnosis in patients with this finding. Malignancy is the 
underlying cause of lymphadenopathy in less than 1% of patients in a primary care setting, 
although the risk increases with advancing age and chronicity of the findings. 


Key initial components of the workup are a detailed medical history, physical examination, 
selected laboratory and radiographic studies, and, occasionally, a lymph node biopsy. The history 
should guide the investigation of a patient’s symptoms, especially those suggesting associated 
infection or systemic illness; occupation and travel history; sexual behavior; and medication use. 
The examination should provide clues to the underlying cause of the lymphadenopathy, such as 
the size, number, tenderness, consistency, and location of enlarged lymph nodes; signs of 
associated infection; evidence of masses in other sites; or the presence of splenomegaly or skin 
lesions. A complete blood count with review of the peripheral blood smear, evaluation of 
antibody titers against viral and other infectious agents, evaluation for connective tissue disease 
markers, and microbial cultures are also appropriate as clinically warranted. A chest radiograph 
is used to identify hilar lymph nodes, and a chest CT is used to evaluate mediastinal 
lymphadenopathy and pulmonary disease. More sophisticated imaging studies are appropriate as 
clinically indicated. Usually, a workup should be initiated in patients with progressively 
enlarging lymph nodes or persistently enlarged nodes for greater than 2 weeks. 
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Malignant Lymphoma 


Epidemiology 
Risk Factors 


Classification, Staging, and Prognostic Factors 


Overview and Treatment of Indolent Lymphoma 
Overview and Treatment of Aggressive Lymphomas 
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Epidemiology 


Approximately 56,000 new cases of non-Hodgkin lymphoma (NHL) are diagnosed in the United 
States annually, with approximately 24,000 people dying from this disease each year. The 
incidence of NHL increases exponentially with age and is greater in men than women and in 
whites than blacks. 


Hodgkin lymphoma is a relatively rare cancer, with approximately 7400 cases diagnosed and 
1300 deaths from this disease in the United States annually. Most cases occur among patients 15 
to 40 years of age. This disease has an unusual bimodal peak of incidence, with an initial peak 
among patients 15 to 34 years and a second peak among patients 55 to 70 years. Incidence is 
highest among white men. 


PreviousNext 


Risk Factors 


Autoimmune disease and immunodeficiency states have a known association with NHL. NHL 
may also be caused by viruses (see Cancer Risk). Several chemicals, such as organochlorine 
agents (for example, DDT), have been weakly associated with an increased risk for NHL. 
Farming is one of the few occupations that consistently shows an association with an increased 
risk for NHL, which is often thought to be related to the use of pesticides. Three large 
population-based studies have now failed to link the use of hair dye to risk for lymphoma. 


There is a suggested link between Hodgkin lymphoma and delayed exposure to common 
childhood infections because patients with this disease tend to have grown up in smaller families 
with a higher socioeconomic status. The second peak of incidence in Hodgkin lymphoma may be 
a consequence of latent virus reactivation with age-related decline in immunity, or it may 
represent a truly distinct disease entity. Epstein-Barr virus has long been suspected as being a 
leading contributing cause to Hodgkin lymphoma (see Cancer Risk). 


There is an increased risk for Hodgkin lymphoma among first-degree relatives, especially 
siblings of the same sex. Monozygotic twins have a significantly higher risk of developing 
Hodgkin lymphoma compared with dizygotic twins. Although familial clustering of NHL has 
been reported, familial aggregation studies do not provide evidence of a strong genetic basis for 
NHL independent of environmental factors, and no specific genetic marker for NHL has been 
identified. 
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Classification, Staging, and Prognostic Factors 


The current system for classification of NHL is that derived by the World Health Organization, 
which currently incorporates immunophenotyping and genetic information into the classification 
scheme (Figure 33). Lymphoid tumors are classified into three groupings: B-cell neoplasms, T- 
and NK-cell neoplasms, and Hodgkin lymphoma. Approximately 80% to 85% of non-Hodgkin 
lymphoid neoplasms in adults are of B-cell origin; most of the remainder are derived from T 
cells. Lymphomas are grouped into categories of indolent, aggressive, or highly aggressive based 
on their biology and natural history (Table 39). Indolent NHLs are considered incurable (except 
for the few patients with stage I disease [disease confined to one lymph node group] that can be 
eradicated by radiotherapy). The median survival of patients with indolent NHL (most of whom 
present with advanced disease) is 7 to 10 years. Patients with aggressive or highly aggressive 
NHL potentially are curable with combination chemotherapy. Immunophenotyping of these 
malignant cells is routinely performed in the diagnosis of NHL. All B-cell—derived NHLs are 
CD19* and CD20". Characteristic cytogenetic markers may be found in patients with some forms 
of NHL, and the differential diagnosis of NHL can be narrowed by using a panel of monoclonal 
antibodies and genetic markers (Table 40). 


In general, disease in indolent NHL is characterized by extensive lymph node involvement at 
presentation; more aggressive NHL is more likely to involve extranodal organs. The National 
Cancer Center Network recommends obtaining a biopsy to establish the initial diagnosis of NHL 
rather than relying solely on fine-needle aspiration. Once the diagnosis of lymphoma is 
confirmed by microscopy and flow cytometry and fluorescent in-situ hybridization or 
cytogenetics, the staging workup can proceed. Laboratory studies in the staging of NHL include 
complete blood count; measurement of serum lactate dehydrogenase, uric acid, and B2 
microglobulin; comprehensive metabolic panel; and a hepatitis panel and HIV testing. Imaging 
studies include CT of the neck, chest, abdomen, and pelvis; an echocardiogram or multigated 
nuclear medicine study to assess cardiac function if an anthracycline-based regimen is being 
considered; and, often, positron emission tomography. Patients also should undergo a bone 
marrow biopsy. In certain circumstances (for example, in patients with sinus, bone marrow, 
testicular, ocular, paravertebral, or parameningeal involvement), a lumbar puncture is indicated 
to exclude central nervous system involvement requiring additional forms of therapy, because 
there is a higher incidence of central nervous system involvement when large-cell lymphoma is 
found in any of these sites. 


Patients with NHL who have the same stage of disease per the Ann Arbor staging system may 
have very different clinical outcomes (Figure 34). The International Prognostic Index (IPI) was 
developed as a predictive model of outcome for patients with diffuse large cell lymphoma. The 
index is based on five pretreatment characteristics found to be independent predictors of death 
(Table 41). The age-adjusted IPI was derived for patients younger than 60 years. For these 
patients, the age-adjusted factors are performance status, serum lactate dehydrogenase 
concentration, and stage. 


Risk categories and corresponding survival rates are provided in Table 41 and Figure 35. The 
IPI was modified to be applied to follicular lymphoma and is referred to as the Follicular 
Lymphoma IPI (FLIPI). This index also includes five independent factors consisting of number 
of extranodal sites, serum lactate dehydrogenase concentration, age, stage, and hemoglobin 
concentration, which replaces performance status in this scheme. 


Patients with high-risk IPI scores are destined to have a poor prognosis. Whether more 
aggressive treatment such as high-dose chemotherapy with hematopoietic cell support as part of 
front-line therapy will improve the outcome of such patients is unknown. The National Cancer 
Center Network guidelines recommend that these patients be considered for clinical trials 
(preferred) evaluating new approaches or standard cyclophosphamide, doxorubicin, vincristine, 
prednisone, and rituximab (R-CHOP). Similarly, patients with follicular lymphoma with a high- 
risk FLIPI score are candidates for clinical trials or treatment with standard regimens such as R- 
CVP (cyclophosphamide, vincristine, prednisone, rituximab) or R-CHOP. There are no data 
from randomized, prospective trials using these prognostic indices to guide therapeutic decisions. 
In the future, prognostication will be further refined with the use of DNA micro-array 
technology, which shows which genes are over- or underexpressed in a given tumor. 
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Figure 33. World Health Organization classification of 
lymphoid malignancies. 
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Figure 34. Ann Arbor Staging System for Hodgkin and non- 
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Figure 35. Survival according to the International 


Prognostic Index for aggressive large B-cell non-Hodgkin 
lymphoma. 


Table 39. B-cell Lymphomas 


Indolent Aggressive Highly Aggressive 
Small lymphocytic Diffuse large cell Burkett 
Follicular Mantle cell Lymphoblastic 
Marginal zone AIDS-related 
MALT 
Splenic 


Nodal 


MALT = mucosa-associated lymphoid tissue. 


Table 40. Immunophenotype and Genetic Markers for Low- 
Grade Non-Hodgkin Lymphoma Translocation 


CD5 CD10 CD20 CD23 Chromosomal Marker Oncogene 


Follicular - + + - t(14:18) bel-2 
SLL/CLL + - Dim + trisomy 12 - 
Mantle Cell + - + - t(11:14) bel-1 (cyclin D1) 
MZL/MALT - - + - t(1:18) API-2; 
t(1:14) MALTI bcl-10 


SLL/CLL = small lymphocytic lymphoma/chronic lymphocytic leukemia; MZL/MALT = 
marginal-zone lymphoma/mucosa-associated lymphoid tissue lymphoma. 


Table 41. Prognostic Indices for non-Hodgkin Lymphoma 


FLIPI IPI (for Large Cell Lymphoma) 
Age >60 yr Age >60 yr 
Ann Arbor stage (III or IV) Stage I or II 
Hemoglobin level <12 g/dL (120 g/L) Performance status 0 or 1 
Number of nodal’ areas >4 Extranodal involvement >1 site 
Serum LDH level above normal Serum LDH level >1X normal 
Risk Categories 5-/10-yr Overall Risk Categories 5-yr Overall Survival 
(Factors) Survival (%) (Factors) (%) 
Low (0-1) 90/70 Low (0-1) 73 
Intermediate (2) 77/50 Low Intermediate (2) 51 
High (>3) 52/35 High Intermediate (3) 43 
— — High (4-5) 26 


FLIPI = Follicular Lymphoma International Prognostic Index; IPI = International Prognostic 
Index; LDH = lactate dehydrogenase. 


“The nodal categories are cervical, mediastinal, axillary, mesenteric, para-aortic, inguinal, 
epitrochlear, and popliteal. 


Part of this research was based on and originally published in Blood. Solal-Céligny P, Roy P, 
Colombat P, et al. Follicular Lymphoma International Prognostic Index. Blood. 

2004; 104(5):1258-1265. [PMID: 15126323] Copyright 2004, American Society of Hematology; 
and A predictive model for aggressive non-Hodgkin’s lymphoma. The International Non- 


Hodgkin’s Lymphoma Prognostic Factors Project. N Engl J Med. 1993;329(14):987-994. 
[PMID: 8141877] 
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Overview and Treatment of Indolent Lymphoma 


e Follicular Lymphoma 
e MALT Lymphoma 
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Follicular Lymphoma 


Follicular lymphoma, the most common indolent lymphoma, constitutes approximately 40% of 
cases of NHL in the United States and occurs equally among men and women (median age, 60 
years). Disease in NHL is assigned one of three grades, with grade 3 being the most aggressive. 
The immunophenotypes of follicular lymphomas are CD20* and CD10* (see Table 40). Most 
patients are asymptomatic at diagnosis despite having disseminated disease, often with bone 
marrow involvement. This type of lymphoma is characterized by a relatively long survival 
(median survival, 8 to 12 years) but, overall, is considered incurable except for those patients 
whose disease is localized at presentation and can be irradiated. 


Standard treatment is controversial and ranges from a watch-and-wait approach, to treatment 
with a monoclonal antibody (alone or tagged with a radionuclide), to combination chemotherapy. 
Rituximab is a chimeric (approximately two thirds human/one third murine) monoclonal 
antibody raised against the CD20 protein on the surface of most cells of the B-lymphocyte 
lineage. It has a single-agent response rate of approximately 50% in patients with recurrent 
follicular NHL. Overall response rate, complete response rate, and time to progression were 
improved when rituximab was administered in combination with cyclophosphamide, vincristine, 
and prednisone (CVP) compared with CVP alone. The response rate of patients receiving anti- 
CD20 monoclonal antibody therapy was improved to approximately 80% as a single agent when 
labeled with a radionuclide of either iodine-131 (tositumomab I-131) or yttrium-90 (ibritumomab 
tiuxetan Y-90). An even more aggressive approach would be to add an anthracycline 
(doxorubicin) to CVP, forming the CHOP regimen, or purine analog—based treatment with 
fludarabine or cladribine in combination with rituximab. 


The decision to initiate treatment is based on the presence of symptoms, threat to vital organ 
function, issues over appearance because of enlarged lymph nodes, and patient preference. Those 
for whom a watch-and-wait approach is chosen require close follow-up soon after their initial 


diagnosis to assess the pace of their illness as well as counseling about symptoms and signs 
watranting medical attention. 


Patients with early-stage disease (stages IA and IIA) often are treated with radiation therapy if 
the disease is readily encompassed within a reasonably sized irradiation field. At least 50% of 
these patients will be disease-free at 10 years. Most patients whose disease recurs will have a 
recurrence outside the radiation field, suggesting that current staging studies are suboptimal. 
Patients with disseminated disease need systemic treatment once the decision is made to abandon 
watchful waiting. Emerging data suggest that rituximab, as a maintenance treatment, prolongs 
progression-free and overall survival. An ongoing large randomized trial is evaluating whether 
continuing rituximab as a maintenance treatment after induction is superior to no maintenance 
treatment and restarting rituximab at the time of recurrence. 
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MALT Lymphoma 


Mucosa-associated lymphoid tissue (MALT) lymphomas are classified in the World Health 
Organization system as marginal-zone lymphomas (see Table 40). Indolent forms are often 
localized in extranodal sites, such as the stomach, lung, thyroid or salivary glands, breast, or eye. 
Gastric MALT lymphoma often is associated with Helicobacter pylori infection. A combination 
of antibiotics, including metronidazole, amoxicillin, or clarithromycin, with proton pump 
inhibitor therapy, is used to eradicate the H. pylori infection that provides the antigenic drive for 
lymphocyte proliferation. This treatment often induces complete responses in 70% to 80% of 
patients with localized gastric MALT lymphoma. However, this approach is less well-established 
outside the stomach because the association with a specific causative agent often is unknown. 
There are conflicting data concerning the role of chlamydial infection in orbital MALT 
lymphoma. Radiation is often used to treat MALT lymphoma when an antibiotic approach is not 
successful or for sites other than the stomach. For more extensive disease, the treatment choices 
are similar to those used in follicular lymphoma. Marginal-zone lymphomas can also present as a 
more aggressive lymphoma, with large cells having a higher mitotic rate than the more common 
indolent marginal-zone NHL, and are treated similarly to diffuse large cell lymphomas. 
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Overview and Treatment of Aggressive Lymphomas 


e Diffuse Large Cell Lymphoma 
e Mantle Cell Lymphoma 


e Hodgkin Lymphoma 
e Hairy Cell Leukemia 


e Mycosis Fungoides 
e Chronic Lymphocytic Leukemia 
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Diffuse Large Cell Lymphoma 


Diffuse large cell lymphoma is the most common of the aggressive lymphomas, and the primary 
therapy for this malignancy is CHOP with rituximab for six cycles. A shorter course of 
chemotherapy may be used for localized (early-stage) disease when combined with involved- 
field radiation depending on the disease location. Patients with advanced disease and a high-risk 
IPI score may be candidates for additional therapy such as high-dose chemotherapy with 
autologous stem cell rescue. The risk for developing late toxicities from high-dose chemotherapy 
with stem cell rescue, including acute myeloid leukemia and myelodysplastic syndrome, needs to 
be balanced against any potential benefits of treatment and often is reserved for patients with 
chemotherapy-sensitive, relapsed, aggressive lymphoma. Patients who have a relapse may still 
be cured by stem cell transplantation consolidation after they respond to re-induction therapy 
with an aggressive combination-chemotherapy regimen. 


High-grade lymphomas, namely lymphoblastic lymphoma and Burkitt lymphoma, are treated 
with highly complex regimens. Patients with lymphoblastic lymphoma receive the same 
regimens as those administered to patients with acute lymphocytic leukemia, which includes 2 to 
3 years of maintenance therapy and intrathecally administered chemotherapy because of the high 
risk for central nervous system involvement in this disease. Patients who receive this approach 
may achieve complete response rates of approximately 80%, with long-term survival rates of 
approximately 45%. Patients with Burkitt lymphoma receive a brief, high-intensity regimen, also 
with central nervous system treatment, with high cure rates for affected adults in the United 
States. 
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Mantle Cell Lymphoma 


Mantle cell lymphoma is characterized by the worst features of indolent and aggressive 
lymphomas. This disease is considered incurable (as are disseminated indolent lymphomas) but 
has a shorter median survival than disseminated indolent lymphomas of approximately 3 years. 
Patients with mantle cell lymphoma often present with disseminated disease, including 
gastrointestinal involvement. In these patients, cell-cycle protein cyclin D; is expressed as a 
result of an 11;14 chromosomal translocation activating the bcl-/] gene (see Table 40). These 
patients often respond to chemotherapy, but duration of responses is short with regimens such as 
R-CHOP. More intensive regimens, such as with cyclophosphamide, vincristine, doxorubicin, 
dexamethasone, cytarabine, and methotrexate (hyper C-VAD-AM) combined with rituximab, 
have improved both response rate and duration of response but still do not cure patients. Stem 
cell transplantation during first remission has yielded encouraging results. 
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Hodgkin Lymphoma 


Hodgkin lymphoma is regarded as a highly curable cancer. The emphasis of current research is 
on developing less-toxic therapies without compromising efficacy. The most concerning of these 
toxicities is the development of secondary malignancies. 


All forms of classical Hodgkin lymphoma are treated similarly. Prior to the early 1990s, patients 
with clinically apparent early-stage Hodgkin lymphoma who were being considered for 
treatment with radiation therapy alone underwent a staging laparotomy with the attendant risk of 
postsplenectomy sepsis. The need for performing a staging laparotomy has disappeared with the 
advent of combined-modality treatment consisting of chemotherapy and smaller (involved) fields 
of radiotherapy. Patients with early-stage disease (IA and IIA) should be treated with a short 
course of chemotherapy, such as doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), 
and irradiation to involved lymph node sites. Patients with bulky stage I or II disease or B 
symptoms should receive a full course of chemotherapy (ABVD) followed by radiation therapy 
to initially bulky areas. Patients with higher-stage disease often are treated with chemotherapy 
(ABVD) or the Stanford V regimen. For patients with high-risk disease as defined by the 
International Prognostic Factor Project (Table 42), a more intensive regimen consisting of 
bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone 
(BEACOPP) may be considered. Patients who relapse after initial therapy are treated with 
radiation, chemotherapy, or high-dose chemotherapy with hematopoietic stem cell rescue 
depending on the clinical situation. 


Patients with the lymphocyte-predominant variant of Hodgkin lymphoma are treated differently 
than are patients with other subtypes of this disease. Those with early-stage disease are 
preferentially treated with involved-field or regional radiation. A watch-and-wait approach is 
appropriate for patients who cannot tolerate radiation. The treatment of choice for patients with 
B symptoms or more disseminated disease is the same as that used in treating those with classical 
Hodgkin lymphoma. Observation or rituximab may be used in selected patients who are not 
candidates for chemotherapy because this type of lymphoma expresses CD20", differentiating it 
from the other forms of Hodgkin lymphoma, (that is, it is more akin to a low-grade NHL). 


Table 42. Hodgkin Lymphoma International Prognostic 
Factor Project* 


Number of Factors Freedom from Progression (% ) 5-Year Overall Survival (%) 


0 84 89 
1 77 90 
2 67 81 
3 60 78 
4 51 61 


5 42 56 


“Prognostic factors: Age >45 years; stage IV; male sex; leukocyte count >15,000 uL (15 x 
10°/L); lymphocyte count <600 cells/uL or <8%; albumin <4 g/dL (40 g/L); hemoglobin <10.5 
g/dL (105 g/L). 
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Hairy Cell Leukemia 


Hairy cell leukemia derives its name from its morphologic appearance, which consists of atypical 
lymphocytes with thread-like cytoplasmic projections from the cell surface (Figure 36). It occurs 
most commonly in older adults and is more common in men than women (approximately 5:1). 
This disease is characterized by significant bone marrow involvement, pancytopenia, and 
splenomegaly, but not lymphadenopathy. The tumor in hairy cell leukemia has B-cell 
immunophenotypic features (SIg”, CD20") and expresses CD11* and CD103* on flow 
cytometry. 


The mainstay of treatment currently is cladribine. One course of a 7-day continuous infusion of 
this agent induces durable complete remissions in 82% of patients. Interferon, fludarabine, and 
rituximab also have been shown to be active in affected patients. 


Figure 36. Hairy cell leukemia depicted by atypical 
lymphocytes with thread-like cytoplasmic projections from 
the cell surface. 
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Mycosis Fungoides 


CD4* T-cell leukemia that is characterized by major skin involvement is known as mycosis 
fungoides. When the leukemic phase is also prominent, it is referred to as Sézary syndrome. The 
cells in mycosis fungoides have a folded or cerebriform nucleus morphology. The only definitive 
test for determining clonality is to evaluate for T-cell receptor gene rearrangements, because 
there are no immunologic markers for T-cell clonality. 


Skin involvement in patients with mycosis fungoides ranges from patchy areas to diffuse 
erythroderma, and early skin manifestations may be difficult to distinguish clinically from 
benign skin disease. Infection of skin lesions is common, and infection leading to sepsis is the 
leading cause of death in these patients. Treatment of early-stage disease is directed at the skin. 


Topical agents, such as corticosteroids, mechlorethamine, and carmustine; and retinoids, such as 
bexarotene gel, have been used. More extensive skin involvement responds well to electron- 
beam radiation. Phototherapy with ultraviolet light and oral psoralen also is effective in patients 
with mycosis fungoides. Combination chemotherapy or immunotherapy with purine nucleoside- 
based or CHOP-like regimens; monoclonal antibody—based treatment (denileukin diftitox, an 
anti-interleukin-2 receptor monoclonal antibody linked to diphtheria toxin); interferon-alfa; or 
alemtuzumab (an anti-CD52 monoclonal antibody) are useful in treating mycosis fungoides in 
the setting of disseminated disease. Vorinostat or suberoylanilide hydroxamic acid recently has 
been approved by the U.S. Food and Drug Administration for the treatment of cutaneous T-cell 
lymphoma. Its mechanism of action is that of a histone deacetylase inhibitor that affects 
epigenetic regulation of DNA activity. 
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Chronic Lymphocytic Leukemia 


Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in adults in the 
Western world. The median age of onset of CLL is 70 years, with more than 80% of patients 
older than 60 years of age at diagnosis. Exposure to ionizing radiation, toxic chemicals, or 
viruses has not been associated with the development of CLL. A familial basis may account for 
5% to 10% of cases of CLL, although no specific gene has been implicated in this disease. 


Approximately 50% of patients with CLL are asymptomatic at diagnosis. The most common 
physical findings are lymphadenopathy and splenomegaly, with fewer patients presenting with 
hepatomegaly. 


The diagnosis of CLL is often established from analysis of peripheral blood by flow cytometry 
with cells expressing the appropriate B-cell CLL immunophenotype (see Table 40). The natural 
history of CLL is highly variable. Patients are stratified into risk groups based on presenting 
features. This risk stratification constitutes the staging criteria, which includes the presence of 
lymphadenopathy, hepatosplenomegaly, anemia, or thrombocytopenia (excluding idiopathic 
thrombocytopenic purpura). Risk may be further assessed by the presence of a short doubling 
time of the lymphocyte count (<12 months), cytologic atypia, increased B2 microglobulin 
concentration, and increased expression of soluble CD23. 


Genetic risk factors for CLL include the p53 mutation, 17p deletion, and 11q deletion, which are 
associated with shortened survival. Patients with trisomy 12q, a normal karyotype, and 13q 
deletions have relatively longer survival rates. The presence of unmutated J/g VH genes is also a 
poor prognostic sign in patients with CLL and is associated with zap-70 expression, an 
intracellular protein tyrosine kinase important in T-cell signaling (Figure 37). 


Criteria for initiating treatment in patients with CLL include B symptoms (fever, weight loss, and 
night sweats); symptoms due to lymph node enlargement; hepa-tosplenomegaly; or worsening 
cytopenia. No treatment short of allogeneic stem cell transplantation has curative potential in 
affected patients. This form of treatment is applicable only to a few patients because the median 


age of patients with CLL is 70 years. The risk of graft-versus-host disease and other toxicities 
increases with age and often precludes its use. 


Several randomized trials have shown the superiority of purine-based regimens over alkylating 
agent—based chemotherapy in patients with CLL. The highest response rates have been achieved 
with a regimen consisting of fludarabine, cyclophosphamide, and rituximab. Therapy may be 
complicated by a high infection rate, including opportunistic infections requiring prophylaxis 
against Pneumocystis species and herpesvirus infections. Patients with p53 mutations have a 
short duration of response to chemotherapy and seem to respond better to induction therapy with 
alemtuzumab, an anti-CD52 monoclonal antibody. Patients who achieve a complete response are 
more likely to have prolonged progression-free and overall survival. 


Clinically detectable hemolytic anemia occurs in 3% to 37% of patients with CLL, usually in 
those with advanced-stage disease. This form of anemia does not confer a negative impact on 
overall survival. Most cases of hemolytic anemia in this setting involve a warm IgG antibody 
against Rh antigens, although anemia with cold IgM autoantibodies that fix complement also can 
occur. This complication is treated independently of the underlying CLL with high-dose 
corticosteroids, and in refractory patients, intravenous gamma globulin, splenectomy, or 
treatment of the CLL may be necessary. Patients with CLL also may develop immune 
thrombocytopenia that needs to be distinguished from thrombocytopenia secondary to malignant 
infiltration of the bone marrow or from that induced by treatment toxicity. Treatment of these 
patients may include corticosteroids, intravenous immune globulin, or more aggressive 
chemotherapy directed at the underlying lymphoproliferative disease. 


It is estimated that up to 70% of patients with CLL will develop infection, of which up to 55% of 
patients will die. Immunosuppression is caused by CLL therapy as well as the underlying 
disease. Patients are often hypogammaglobulinemic and may require intravenous immune 
globulin infusions when threatened by repetitive pulmonary infections. 


Second malignancies occur more frequently in patients with CLL compared with the general 
population and most commonly include Kaposi sarcoma; melanoma; and cancer of the head and 
neck, bladder, stomach, lung, or brain. Given the long survival of patients with CLL, they should 
be carefully monitored and urged to avoid exposure to carcinogens, such as tobacco and 
excessive sunlight. Development of acute myeloid leukemia/myelodysplastic syndromes is rare. 


Disease in a few patients with CLL transforms into a more aggressive form of cancer, either 
prolymphocytic leukemia or Richter syndrome (large cell lymphoma). Treatment for these 
diseases usually consists of R-CHOP, the therapy most often used in NHL, and frequently is 
followed by some form of hematopoietic stem cell transplantation. 


Symptoms in Rai stage 0-1?* 


Prognostic work-up with 
FISH testing and 
IgV,, mutation statust 


IgV,, mutated and absence 17p- or 11q- on FISH or 
of 17p— or 11q- on FISH IgV unmutated* 


13q- or normal Trisomy 12 
on FISH on FISH 


Figure 37. Narrative Review: Initial Management of Newly 
Diagnosed, Early-Stage Chronic Lymphocytic Leukemia. 


FISH = flourescent in situ hybridization; IgVH = immunoglobulin variable region heavy chain 
gene. *Fever, weight loss, night sweats, and fatigue not due to another cause. TIf available at 
center. Less than or equal to 2% mutated compared with germline sequence. § Although high Z- 
chain—associated protein kinase-70 expression may be used to characterize patients with early- 
stage disease as high risk in the future, this assay cannot be recommended for routine clinical use 
until it can be standardized and shown to have reliable intralaboratory reproducibility. 


Reprinted with permission from Shanafelt TD, Byrd JC, Call TG, Zent CS, Kay NE. Ann Intern 


Med. 2006; 145(6):435-447. [PMID: 16983131] Copyright 2006, American College of 
Physicians. 
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Cancer of Unknown Primary Site 


e Overview 
e Diagnostic and Prognostic Considerations 
e Subsets of Treatable CUP 


Key Points 


e Patients with cancer of unknown primary site should receive a thorough history and 
physical examination focusing on the head and neck, rectum, pelvis, and breasts. 

e In patients with suspected metastatic cancer and no obvious primary site, biopsy of the 
most accessible site should be performed before specialized laboratory studies are done. 

e Although not useful as a diagnostic or prognostic test in patients with cancer of unknown 
primary site, measurement of common tumor markers such as CA-125 may be useful in 
monitoring the response to therapy. 

e Unfavorable prognostic features in patients with cancer of unknown primary site include 
involvement of multiple metastatic sites, well-differentiated or moderately differentiated 
adenocarcinoma histology, older age, and lower performance status. 

e Women who present with metastatic axillary lymphadenopathy without other findings 
should be treated for stage II breast cancer. 

e Patients with cervical lymphadenopathy that reveals squamous cell carcinoma and no 
clinically apparent primary tumor should be treated as if they had a primary tumor site in 
the head or neck. 

e Women with a combination of peritoneal carcinomatosis and malignant ascites without 
other findings should be treated as though they had stage III ovarian cancer. 

e Young men with a predominant tumor location in the mediastinum and retroperitoneum 
and elevated serum levels of human chorionic gonadotropin and o-fetoprotein should be 
treated as though they had poor-prognosis testicular cancer. 
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Overview 


Cancer of unknown primary site (CUP) accounts for 3% of all cancer diagnoses, accounting for 
more than 45,000 cancer-related deaths in the United States in 2007. Patients with CUP remain a 
heterogeneous group, having a variety of clinical presentations and pathologic findings. 
Unfortunately, the diagnosis of CUP usually represents a far-advanced malignancy that is rarely 
curable and is usually refractory to even palliative chemotherapy. Tumors that are potentially 
responsive to chemotherapy are found in only about 20% of all patients with CUP. Better 
radiographic imaging and improved pathologic techniques have led to a decrease in the incidence 
of cancer of truly “unknown” primary site. 
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Diagnostic and Prognostic Considerations 


A patient is considered to have CUP when a tumor is detected at one or more metastatic sites, 
and routine evaluation fails to define a primary site. The initial workup of patients presenting 
with presumed CUP should not be exhaustive but should focus on evaluation of likely primary 
sites. This initial evaluation should include, at a minimum, a thorough history and physical 
examination (including a pelvic examination in women and a prostate examination in men), 


complete blood count, urinalysis, chemistries, a chest radiograph or CT scan of the chest, and CT 
of the abdomen and pelvis. Mammography should be considered in women with a clinical 
presentation compatible with metastatic breast cancer. 


Pathologic confirmation of malignancy should be performed early in the diagnostic evaluation. 
Optimal pathologic evaluation, including special stains that might reveal tissue of origin, help to 
distinguish carcinoma from other cancer types, determine histologic type, and identify specific 
treatment target characteristics. Measurement of common tumor markers (carcinoembryonic 
antigen, CA 19-9, CA 15-3, and CA-125) should not be used as diagnostic or prognostic tests; 
however, some of these concentrations are frequently elevated in the serum of patients with 
adenocarcinoma of unknown primary site, and serial measurement may be useful in monitoring 
the response to therapy. 


Radiologic evaluation may include CT scans and positron emission tomography (PET). The 
prognosis of patients with CUP is unaffected by whether the primary lesion is ever found. 
Unfavorable prognostic features include involvement of multiple metastatic sites, well- 
differentiated or moderately differentiated adenocarcinoma histology, older age, and lower 
performance status. All efforts to manage patients with CUP should aim to differentiate the few 
patients who have treatment-responsive disease and to not inflict unnecessary, invasive, and 
costly studies on the majority of patients who have disease that is refractory to most therapy. 
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Subsets of Treatable CUP 


Axillary Lymphadenopathy in Women 
Inguinal Lymphadenopathy 

Cervical Lymphadenopathy 

Peritoneal Carcinomatosis in Women 
Poorly Differentiated Carcinoma 
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Axillary Lymphadenopathy in Women 


Women who present with axillary lymphadenopathy without other findings should be treated for 
stage II breast cancer. An occult primary tumor is identified on mastectomy in 50% to 60% of 
these patients, even when the physical examination and mammogram are normal. MRI of the 
breast can often identify a primary site even if mammography is normal and can often lead to 
breast conservation. Patients who have CUP with axillary lymphadenopathy only and who are 
found to have breast cancer have the same survival rate as patients with stage II disease. 
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Inguinal Lymphadenopathy 


Identification of a primary site in the perineal area is important in patients with inguinal 
lymphadenopathy, because curative therapy is available for some patients, even in those with 
metastases to inguinal lymph nodes. Primary sites characterized by unilateral lymphadenopathy 
of the groin are the skin, anus, rectum, pelvis, and lower urinary tract. If no primary site is found 
on examination, a superficial groin lymph node dissection is appropriate. Half of patients treated 
with excisional biopsy or superficial groin dissection alone appear to live for more than 2 years. 
A significant proportion of these patients have unclassifiable carcinomas that are likely 
amelanotic melanomas. 
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Cervical Lymphadenopathy 


Patients with cervical lymphadenopathy that reveals squamous cell carcinoma and no clinically 
apparent primary tumor should be treated as if they had a primary tumor site in the head or neck. 
Upper-airway panendoscopy, which consists of laryngoscopy, bronchoscopy, and 
esophagoscopy, and dedicated CT of the head and neck, must be performed as part of the 
diagnostic evaluation. Concurrent treatment with chemotherapy and radiation can lead to long- 
term survival rates as high as 60% to 70%, with the extent of cervical lymphadenopathy as the 
most important prognostic factor in these patients. Patients with lower cervical or supraclavicular 
lymphadenopathy are more likely to have tumors of adenocarcinoma histology and tend to have 
a much poorer prognosis than those with upper cervical lymphadenopathy and tumors with 
squamous cell histology. 
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Peritoneal Carcinomatosis in Women 


In women presenting with a combination of peritoneal carcinomatosis and malignant ascites, 
ovarian cancer should be strongly considered. If no extraovarian site is determined, these patients 
should be treated as though they had stage III ovarian cancer, with initial cytoreductive surgery 
followed by chemotherapy. In these patients, measurement of serum CA-125 can be useful in 
monitoring the response to therapy. Approximately 15% to 20% of these patients survive 5 years. 
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Poorly Differentiated Carcinoma 


This heterogeneous group of patients includes a few with highly responsive neoplasms and 
therefore requires special attention in the initial clinical and pathologic evaluation. Young men 
with a predominant tumor location in the mediastinum and retroperitoneum may have the 
extragonadal germ-cell cancer syndrome. Serum levels of human chorionic gonadotropin and a- 
fetoprotein should be measured, and these patients should be treated as though they had poor- 
prognosis testicular cancer, with chemotherapy administration and surgical resection of residual 
radiographic abnormalities. Some of these patients have poorly differentiated neuroendocrine 
tumors of unknown primary site. These tumors, which are almost always characterized by liver 
metastases, are distinct from well-differentiated neuroendocrine tumors in their biology and 
treatment. Up to 15% of these patients will experience durable complete remissions with 
chemotherapy. 


Systemic therapy for patients not included in any specific treatable subgroup of patients with 
CUP, which includes most patients with CUP, is difficult. Current empiric chemotherapy 
regimens have improved the treatment results for this group of patients, with a median survival 
of 10 to 12 months. 
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Oncologic Urgencies and Emergencies 


e Structural Urgencies and Emergencies 
e Metabolic Urgencies and Emergencies 


e Chemotherapy-Related Toxicities 


Key Points 


e The most common cause of superior vena cava syndrome is lung cancer; other malignant 
causes are lymphoma and tumors metastatic to the mediastinum. 

e Superior vena cava syndrome develops insidiously, with dyspnea the most common 
presenting symptom; other symptoms are cough, upper extremity swelling, chest pain, 
and dysphagia. 

e Radiation therapy is the mainstay of treatment of superior vena cava syndrome. 

e Headache is the most common symptom of increased intracranial pressure and is often 
severe and persistent despite analgesia and of maximum intensity in the morning on 
awakening. 

e Lumbar puncture should be avoided in patients with space-occupying lesions of the 
central nervous system and increased intracranial pressure because it may precipitate 
brain herniation. 

e Increased intracranial pressure may initially be managed with corticosteroids, except in 
those in whom a primary central nervous system lymphoma is suspected, until a 
diagnosis is established. 

e Establishing a diagnosis of spinal cord compression before motor weakness or other 
neurologic deficits occur is important to avoid permanent loss of neurologic function. 

e MRI of the entire spine is the most commonly used diagnostic test for evaluating spinal 
cord compression. 

e Corticosteroids should be administered immediately in patients with suspected spinal 
cord compression for improved pain management and prevention of further neurologic 
impairment. 

e Radiation therapy is the most commonly used definitive therapy for patients with spinal 
cord compression. 

e Tumor lysis syndrome can typically occur within 1 to 5 days of treatment in patients with 
hematologic malignancy or other rapidly dividing tumors. 

e Risk factors for tumor lysis syndrome are bulky disease, a high leukocyte count, high 
pretreatment levels of lactate dehydrogenase or uric acid, compromised renal function, 
and use of nephrotoxic agents. 

e Hypercalcemia occurs most frequently in patients with breast, kidney, lung, and head and 
neck cancer and in those with multiple myeloma. 

e Symptoms of hypercalcemia include nausea, vomiting, constipation, polyuria, and mental 
status changes. 

e Intravenous hydration with isotonic saline, forced diuresis/calciuresis with furosemide 
(after rehydration), and administration of bisphosphonates are the mainstays of treatment 
of hypercalcemia of malignancy. 

e Gastrointestinal side effects, mucositis, and hematologic side effects are common 
chemotherapy-induced toxicities. 

e Prompt recognition and treatment of anthracycline- and vinca alkaloid agent—induced 
extravasation injury are necessary to avoid severe skin damage in patients receiving 
chemotherapy. 
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Structural Urgencies and Emergencies 


e Superior Vena Cava Syndrome 
e Brain Metastases with Increased Intracranial Pressure 
e Spinal Cord Compression 
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Superior Vena Cava Syndrome 


Superior vena cava (SVC) syndrome, an oncologic urgency, is an often missed and, 
consequently, delayed diagnosis. This syndrome is caused by obstruction of blood flow through 
the SVC, which is the major vessel through which blood drains from the head, neck, upper 
extremities, and upper thorax. The most common cause of SVC syndrome is lung cancer, 
accounting for approximately 70% of cases. Other malignant causes include lymphoma and 
tumors metastatic to the mediastinum. 


SVC syndrome typically has an insidious onset, with dyspnea the most common presenting 
symptom. Other symptoms include cough, upper extremity swelling, chest pain, and dysphagia. 
It is sometimes difficult to determine whether symptoms result from the SVC obstruction or 
invasion or compression of other structures in that area by the tumor. Common physical 
examination findings in SVC syndrome include venous distention of the neck and chest wall, 
facial edema, plethora, and cyanosis. These signs and symptoms are often exacerbated by lying 
down, stooping, or bending forward. The most common radiographic abnormalities in SVC 
syndrome are superior mediastinal widening and pleural effusion. CT is useful in providing 
detailed information about the SVC and its tributaries as well as the bronchi and lungs. 
Radionuclide imaging or contrast venography may also be useful in determining the patency of 
the SVC. 


The treatment goals in patients with SVC syndrome are palliation and, if possible, cure of the 
primary causative process; the primary disorder in SVC syndrome determines treatment. 
Radiation therapy is the mainstay of treatment, but chemotherapy may also be used for typically 
chemoresponsive tumors, such as small cell lung cancer, non-Hodgkin lymphoma, and germ cell 
neoplasms. The role of anticoagulation for patients with SVC obstruction and thrombosis is 
controversial but may be warranted, especially in patients with chemoresponsive tumors. 
Endovascular angioplasty and stenting, as well as thrombolysis, may be used to provide 
symptomatic relief before more specific therapy is administered. 
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Brain Metastases with Increased Intracranial Pressure 


Primary and metastatic brain tumors may lead to increased intracranial pressure (ICP). Headache 
is the most common symptom of increased ICP and is often severe and persistent despite 
analgesia and of maximum intensity in the morning on awakening. 


Although a severe morning headache may occur as a sign of increased ICP, nonspecific 
headaches, cognitive changes, focal neurologic findings, and seizures may all be manifestations. 
Funduscopic examination may reveal papilledema (Figure 38). 


Imaging studies, such as CT and MRI, are useful in confirming the diagnosis of increased ICP 
and brain metastases. Lumbar puncture may precipitate brain herniation in patients with space- 
occupying lesions of the central nervous system and increased ICP and, in general, should not be 
performed. Increased ICP may initially be managed with corticosteroids administered at 
moderate (dexamethasone, 6 to 10 mg every 6 hours) to high (dexamethasone, up to 100 mg/d) 
doses, although an improved response has not been established for higher doses, and the risk for 
adverse events increases with higher doses. Corticosteroids should be avoided in patients in 
whom a primary central nervous system lymphoma is suspected until a diagnosis is established. 
Osmotic diuresis with hyperosmolar agents such as mannitol may also be helpful in the initial 
management of increased ICP. Symptomatic, obstructive hydrocephalus is a neurosurgical 
emergency requiring immediate drainage. Ultimately, however, the definitive treatment of 
increased ICP depends on the primary diagnosis and may include neurosurgical resection, 
chemotherapy, and radiation therapy. Surgical resection is the standard approach for patients 
with a resectable, single metastasis to the brain. A randomized trial showed a survival benefit for 
such patients treated with resection plus whole-brain radiation therapy compared with whole- 
brain radiation therapy alone. 


Figure 38. Funduscopic examination results indicating 
papilledema in a patient with brain metastases characterized 
by increased intracranial pressure. 
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Spinal Cord Compression 


The most common cause of spinal cord compression is tumor metastasis to a vertebral body, 
resulting in direct extension into the epidural space or a pathologic fracture. Pain is the most 
common initial presenting symptom in patients with spinal cord compression, with neurologic 
symptoms typically evolving later. It is important to establish the diagnosis before the patient 
develops motor weakness or other neurologic deficits, because a significant percentage of 
patients with spinal cord compression fail to recover neurologic function. MRI of the entire spine 
is the most commonly used diagnostic test for evaluating spinal cord compression because 
multiple levels of spinal involvement may be present in up to 30% of patients. Corticosteroids 
should be administered immediately in patients with suspected spinal cord compression for 


improved pain management and prevention of further neurologic impairment, with 
dexamethasone the most commonly used therapeutic regimen. When feasible, decompressive 
surgery followed by radiation therapy is more effective than radiation alone in treating selected 
patients with spinal cord compression caused by metastatic cancer. In patients not amenable to 
surgery, radiation therapy is the standard treatment. Systemic chemotherapy is useful in patients 
with highly chemosensitive tumors such as lymphoma. 
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Metabolic Urgencies and Emergencies 


e Tumor Lysis Syndrome 
e Hypercalcemia 
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Tumor Lysis Syndrome 


Tumor lysis syndrome occurs when spontaneous or treatment-induced lysis of malignant cells 
results in the release of intracellular products, causing hyperkalemia, hyperuricemia, 
hyperphosphatemia, hypocalcemia, acute renal failure, and disseminated intravascular 
coagulation. Typically, tumor lysis syndrome occurs within | to 5 days of treatment and 
develops most commonly in patients with hematologic malignancies or other rapidly dividing 
tumors, such as acute leukemia and high-grade lymphoma; this syndrome occurs much less 
commonly in patients with solid tumors. Risk factors for tumor lysis syndrome include bulky 
disease, a high leukocyte count, high pretreatment levels of lactate dehydrogenase or uric acid, 
compromised renal function, and use of nephrotoxic agents. 


Tumor lysis syndrome and its complications can be prevented and managed by aggressive 
hydration with diuresis and use of allopurinol and rasburicase. Although urine alkalinization is 
widely used, it remains somewhat controversial because it increases the precipitation of calcium 
phosphate complexes. 

Hyperkalemia and other metabolic abnormalities of this condition should be aggressively treated. 


If acute renal failure develops, hemodialysis may be indicated. 
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Hypercalcemia 


Hypercalcemia occurs most commonly in patients with breast, kidney, lung, and head and neck 
cancer and in those with multiple myeloma. Its incidence and severity are decreasing because of 


the routine use of bisphosphonates in patients with solid tumors metastatic to bone and in those 
with multiple myeloma. Hypercalcemia may occur as a result of osteolytic activity in bone or 
more often as a paraneoplastic syndrome mediated by factors produced by malignant cells, such 
as parathyroid hormone-trelated protein. Symptoms of hypercalcemia include nausea, vomiting, 
constipation, polyuria, and mental status changes. 


Intravenous hydration with isotonic saline, forced diuresis/ calciuresis with furosemide (after 
rehydration), and administration of bisphosphonates are the mainstays of treatment of 
hypercalcemia of malignancy. The most commonly used bisphosphonates to treat this condition 
are pamidronate and zoledronate. Agents such as gallium nitrate, plicamycin, and calcitonin are 
used less frequently. Corticosteroids are also used to lower serum calcium levels in patients 
whose underlying tumor is corticosteroid responsive, such as those with lymphoma or myeloma. 
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Chemotherapy-Related Toxicities 


Chemotherapy and antitumor biologic agents can produce various organ toxicities (Table 43), 
and some of these may be true medical emergencies, such as cytotoxic chemotherapy-induced 
neutropenic fever. The prompt administration of empiric antibiotics has significantly lowered the 
mortality rate in affected patients. Diarrhea resulting from capecitabine, 5-fluorouracil, and 
irinotecan can lead to life-threatening volume depletion, and even death, in some patients, 
particularly the elderly. Severe anaphylactic-type infusion reactions can occur with certain 
chemotherapeutic agents such as paclitaxel and carboplatin and may occur commonly with 
monoclonal antibodies such as rituximab. Chemotherapy infusion centers must be aware of and 
prepared to treat these potential reactions. Anthracycline, nitrogen mustard, and mitomycin are 
vesicants, and extravasation may lead to severe ulceration. Prompt diagnosis and treatment in 
affected patients, and early plastic surgery consultation are crucial to avoid extensive skin 
damage and injury to the deep structures of the arm or hand. Bleomycin, methotrexate, 
gemcitabine, and mitomycin may cause acute pulmonary pneumonitis with respiratory failure. 
The recognition and treatment of these pulmonary syndromes with corticosteroids may result in 
rapid improvement. 
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Effects of Cancer and Cancer Therapy 


Cardiac Issues 


Pulmonary Issues 
Reproductive Issues 


Cognitive Issues 
Other Issues 


Secondary Malignancies 


Key Points 


Asymptomatic and symptomatic abnormalities in left ventricular function have been 
associated with all of the anthracycline agents. 

Patients with cancer who received trastuzumab may develop heart failure. 

Abnormalities in valvular function and left ventricular size and function may occur in 
long-term survivors of Hodgkin lymphoma who have undergone radiation therapy. 

Risk factors for bleomycin-induced pneumonitis include a cumulative dose of bleomycin, 
advanced age, tobacco use, renal dysfunction, mediastinal radiation therapy, and oxygen 
administration. 

Bleomycin-induced pneumonitis resolves in most patients after discontinuation of 
bleomycin and corticosteroids. 

Factors increasing the risk for radiation pneumonitis include concomitant chemotherapy, 
prior radiation therapy, and recent withdrawal of corticosteroids. 

Freezing or storing sperm prior to chemotherapy is an option for men in managing 
potential cancer therapy-—related reproductive issues. 


e For women with partners, storing of embryos is an option for managing potential cancer 
therapy—related reproductive issues. 

e The incidence of congenital anomalies or fetal wastage among cancer survivors who are 
able to conceive is no higher than that in the general population. 

e Some cancer survivors report cognitive impairment during and after chemotherapy. 

e Patients who have received radiation therapy to the cervical lymph nodes or neck should 
be evaluated for hypothyroidism. 

e Cancer survivors who were treated at age 25 years with chest radiation therapy have an 
estimated cumulative risk of breast cancer at ages 35, 45, and 55 years of 1.4%, 11.1%, 
and 29%, respectively. 
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Cardiac Issues 


Asymptomatic and symptomatic abnormalities in left ventricular function have been associated 
with all of the anthracycline agents, which are widely used in the treatment of childhood and 
adult malignancies. The risk for developing doxorubicin-induced cardiomyopathy is dose related. 
Trastuzumab can result in heart failure; however, unlike anthracycline-related heart failure, 
trastuzumab-induced heart failure may be at least partially reversible with or without medical 
treatment and does not appear to be dose related. 


Radiation therapy to the mediastinum (as in the treatment of Hodgkin lymphoma) may result in 
progressive cardiac sequelae including inflammation and fibrosis of all structures in the heart, 
leading to abnormalities in left ventricular function and mass, valvular dysfunction, and 
premature coronary artery disease (see MKSAP 15 Cardiovascular Disease). 
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Pulmonary Issues 


Bleomycin, commonly used to treat germ cell tumors and lymphoma (especially Hodgkin 
lymphoma), may result in pulmonary toxicity, most commonly bleomycin-induced pneumonitis 
(BIP). Risk factors that predispose patients to BIP include a cumulative dose of bleomycin, 
advanced age, tobacco use, renal dysfunction, mediastinal radiation therapy, and oxygen 
administration. There is a possibility of severe anesthesia risk after bleomycin if high 
concentrations of oxygen are given. Although BIP typically begins during therapy, it may 
develop after completion of therapy. BIP resolves in most patients after discontinuation of 
bleomycin and corticosteroids; however, pulmonary fibrosis develops in a small percentage of 
patients. 


Radiation-induced pneumonitis has been described in patients treated with radiation therapy to 
the mediastinum and thorax. Factors increasing the risk for radiation pneumonitis include 
concomitant chemotherapy, prior radiation therapy, and recent withdrawal of corticosteroids. 
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Reproductive Issues 


Infertility due to chemotherapy or radiation therapy is a common issue for cancer survivors. It 
may occur transiently, during treatment, or permanently. Fertility in women may be impaired 
despite regular menses. Infertility may present later as premature ovarian failure. The risk for 
infertility varies depending on the cancer treatment regimen. Fertility preservation options in 
men and women undergoing cancer treatment are an active area of research. The American 
Society of Clinical Oncology recommends that fertility preservation methods be considered as 
early as possible during cancer treatment planning. For men, freezing/storing sperm prior to 
chemotherapy is an option. For women with partners, storing of embryos is an option. In addition 
to infertility, both men and women may experience severe symptoms from hormone deprivation 
for the treatment of breast cancer and prostate cancer, resulting in major impairment of their 
quality of life. Impotence may also occur after surgery and/or radiation therapy for prostate 
cancer. The incidence of congenital anomalies or fetal wastage among cancer survivors who are 
able to conceive is no higher than that in the general population. 
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Cognitive Issues 


Some cancer survivors report cognitive impairment during and after chemotherapy. Women 
treated with endocrine therapy for breast cancer also report this issue. This is a relatively new 
area of research, and there are many difficulties in interpreting the published data because of a 
lack of pretreatment assessments and appropriate control groups, variation in measuring 
instruments, and use of inconsistent criteria for defining cognitive impairment. A further 
complicating factor is that cognitive dysfunction is often reported in cancer patients prior to 
therapy. 
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Other Issues 


In general, patients who have received extensive corticosteroid exposure as part of their 
chemotherapy regimen are at risk for aseptic necrosis of the hips/ankles, cataracts, and 
osteoporosis. 


Radiation to the cervical lymph nodes or neck significantly increases the risk for 
hypothyroidism. Patients who have received such therapy should be monitored for 


hypothyroidism. 
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Secondary Malignancies 


Secondary malignancies can result from cancer therapy. An increased risk for breast cancer has 
been identified in patients who have received mantle radiation therapy for Hodgkin lymphoma. 
Cancer survivors who were treated at age 25 years with chest radiation therapy have an estimated 
cumulative risk of breast cancer by ages 35, 45, and 55 years of 1.4%, 11.1%, and 29%, 
respectively. Although still very rare, the incidence of soft-tissue sarcoma is also increased 
following radiation therapy. Chemotherapy can also cause secondary malignancies (See Table 
43 from Oncologic Urgencies and Emergencies section). 


Information on supportive and palliative care for patients with cancer is available to physicians 
and patients at the National Cancer Institute Web site 


(www.cancer.gov/cancertopics/pdgq/supportivecare). 


Table 43. Chemotherapy-induced Toxicities 


Chemotherapy Toxicities 
Myelosuppression 
Emesis 
Diarrhea 
Alopecia 
Stomatitis 
Vesicant 
Peripheral neuropathy 
Pulmonary toxicity 
Renal toxicity 
Cardiac toxicity 
Gonadal toxicity 
Carcinogenicity 


Biologicals and Targeted 
Therapy 


Infusion reactions 
Rash 


Representative Chemotherapeutic Agents 
Most cytotoxic drugs 
Cisplatin, doxorubicin, cyclophosphamide 
5-FU, capecitabine, irinotecan 
Doxorubicin, paclitaxel, cyclophosphamide 
Doxorubicin, methotrexate 
Doxorubicin, mitomycin 
Paclitaxel, docetaxel, cisplatin, vincristine 
Bleomycin, mitomycin 
Cisplatin, ifosfamide 
Doxorubicin 
Alkylating agents (e.g., cyclophosphamide) 
Alkylating agents, etoposide, and doxorubicin (AML), 


cyclophosphamide (bladder cancer), tamoxifen (endometrial 
cancer) 


Representative Biologicals and Targeted Therapy Toxicities 


Rituximab, trastuzumab, bevacizumab 
Cetuximab, erlotinib 


Fatigue 


Sorafenib, sunitinib 


Thrombosis/bleeding Bevacizumab 

Reactivation of viral diseases Rituximab (hepatitis B), alemtuzumab (cytomegalovirus) 
Reversible posterior Rituximab 

leukoencephalopathy 


5-FU = 5-fluorouracil; AML = acute myeloid leukemia. 
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Infections of the Central Nervous System 


Bacterial Central Nervous System Infections 
Viral Central Nervous System Infections 


Key Points 


The meningococcal conjugate vaccine against serogroups A, C, Y, and W135 (MCV-4) is 
recommended for pre-adolescent children aged 11 or 12 years; unvaccinated teens 
entering high school and college freshmen requiring “catch-up vaccination”; 
microbiologists with frequent exposure to Neisseria meningitidis; travelers to 
hyperendemic areas of the world; and patients with a history of splenectomy or functional 
asplenia. 

The meningococcal conjugate vaccine against serogroups A, C, Y, and W135 (MCV-4) 
does not provide protection against serogroup B meningococcus, which may be 
responsible for up to 30% of all cases of invasive meningococcal disease in the United 
States. 

Fever, headache, nuchal rigidity, and signs of cerebral dysfunction are the classic 
symptoms of bacterial meningitis, although insidious onset with lethargy or obtundation 
and variable signs of meningeal irritation may be present in elderly patients. 

The diagnosis of acute bacterial meningitis is established by cerebrospinal fluid analysis. 
In patients with bacterial meningitis in whom Gram stain results are negative or lumbar 
puncture is delayed, empiric antimicrobial therapy should be initiated based on patient 
age and the underlying condition. 

Patients with bacterial meningitis who received adjunctive dexamethasone experienced 
fewer unfavorable outcomes or death. 

The most common mechanisms of brain abscess formation are from a contiguous focus 
of infection, hematogenous spread from a distant focus of infection, or trauma. 

MRI is more sensitive than CT in the diagnostic evaluation of brain abscess and offers 
early detection of cerebritis and satellite lesions and identification of spread of 
inflammation into the ventricles and subarachnoid space. 

After appropriate neuroimaging is performed, emergent surgery is required in patients 
with brain abscess, with excision or stereotactic aspiration of all lesions greater than 2.5 
cm in diameter. 

The most common conditions predisposing to cranial subdural empyema are 
otorhinologic infections, especially of the paranasal sinuses, followed by infection of the 
mastoid cells and the middle ear. 

Metastatic infection is present in only about 5% of patients with cranial subdural 
empyema. 

In the diagnosis of subdural empyema, MRI is preferred to CT. 

In patients with suspected subdural empyemas, MRI can differentiate extra-axial 
empyemas from most sterile effusions and subdural hematomas. 

Subdural empyema is a surgical emergency requiring adequate decompression of the 
brain and evacuation of the empyema. 

Empiric treatment of subdural empyema includes vancomycin, metronidazole and either 
cefepime, ceftazidime, or meropenem. 


Spinal epidural abscess usually occurs secondary to hematogenous dissemination from 
foci elsewhere in the body to the epidural space, by contiguous extension, or may be 
associated with transient bacteremia. 

MRI is the diagnostic procedure of choice in patients with suspected spinal epidural 
abscess. 

Therapy for spinal epidural abscess consists of prompt surgical decompression, abscess 
drainage, and early empiric antimicrobial therapy. 

Although emergent decompressive laminectomy is not indicated in patients with epidural 
abscess and paralysis of more than 24 to 36 hours’ duration, it may still be needed to treat 
the epidural infection and control sepsis. 

Unless contraindicated, cerebrospinal fluid analysis is essential in patients with viral 
encephalitis and typically reveals a mononuclear pleocytosis and mild or moderately 
elevated protein concentration. 

The cerebrospinal fluid may be completely normal in about 3% to 5% of patients with 
viral encephalitis. 

Clinical features of herpes simplex encephalitis include fever, hemicranial headache, 
language and behavioral abnormalities, memory impairment, cranial nerve deficits, and 
seizures. 

Acyclovir is the treatment of choice in patients with herpes simplex encephalitis. 
Clinical features of West Nile virus encephalitis include tremors, myoclonus, 
parkinsonism, and poliomyelitis-like flaccid paralysis that may be irreversible. 

The detection of cerebrospinal fluid IgM antibodies by enzyme-linked immunosorbent 
assay in patients with presumed flavivirus encephalitis is considered diagnostic of 
neuroinvasive disease. 

Effective therapy is not currently available for arbovirus-induced encephalitis. 
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Bacterial Central Nervous System Infections 


Meningitis 
Brain Abscess 


Subdural Empyema 
Epidural Abscess 
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Meningitis 


Major changes in the epidemiology of bacterial meningitis have occurred in the United States, 
primarily owing to the availability of conjugate vaccines that confer protection against the 
common meningeal pathogens. In the latest surveillance data released by the Centers for Disease 
Control and Prevention (CDC), Streptococcus pneumoniae was the most common etiologic agent 


of bacterial meningitis (61%), followed by Neisseria meningitidis (16%), group B streptococcus 
(14%), Haemophilus influenzae (7%), and Listeria monocytogenes (2%). 


Meningitis caused by S. pneumoniae may occur in conjunction with other suppurative foci of 
infection (for example, pneumonia, otitis media, mastoiditis, sinusitis, endocarditis, or in the 
setting of head trauma with cerebrospinal fluid [CSF] leak). Initial studies of a heptavalent 
conjugate pneumococcal vaccine demonstrated an efficacy of 97.4% in preventing invasive 
pneumococcal disease in fully vaccinated children, leading the American Academy of Pediatrics 
Committee on Infectious Diseases to recommend vaccination for all infants younger than aged 2 
years. Since licensure of this vaccine in 2000, invasive pneumococcal disease incidence among 
the target population of children younger than 5 years has decreased. The use of the vaccine has 
also reduced invasive pneumococcal disease incidence among unvaccinated populations 
including adults, indicating herd immunity in those who did not receive vaccination. The overall 
rate of pneumococcal meningitis caused by serotypes in the 7-valent conjugate pneumococcal 
vaccine has declined, but disease caused by serotypes 19A, 22F, and 35B, which are not 
contained in the vaccine, has increased. A 13-valent conjugate pneumococcal vaccine containing 
additional serotypes was being studied at the time of publication. 


N. meningitidis meningitis usually occurs in children and young adults. Patients with deficiencies 
in certain complement components (see Repeated Infections) are predisposed to infection with 
neisserial species, including N. meningitidis. In 2005, the U.S. Food and Drug Administration 
approved licensure of a meningococcal conjugate vaccine against serogroups A, C, Y, and W135 
(Menactra®) (MCV-4) for protection against N. meningitidisinduced disease in persons aged 11 
to 55 years. The CDC’s Advisory Committee on Immunization Practices recommended routine 
immunization with MCV-4 for pre-adolescent children aged 11 or 12 years and “catch-up” 
vaccination for previously unvaccinated teens entering high school and for college freshmen. 
Other recommended groups are microbiologists with frequent exposure to N. meningitidis, 
travelers to hyperendemic areas of the world, and patients with a history of splenectomy or 
functional asplenia. This vaccine may also provide herd immunity by decreasing nasopharyngeal 
colonization. MCV-4 does not provide protection against serogroup B meningococcus, which 
may be responsible for up to 30% of all cases of invasive meningococcal disease in the United 
States. 


Group B streptococcal meningitis is an important cause of meningitis in neonates. Disease in 
adults has been associated with underlying conditions or settings, including diabetes mellitus, 
cardiac disease, malignancy, collagen vascular disorders, alcoholism, liver and kidney disease, 
corticosteroid use, and HIV infection. 


Meningitis caused by L. monocytogenes occurs rarely in the United States, although it represents 
approximately 20% of cases in the neonatal population. Outbreaks have been associated with 
consumption of contaminated cole slaw, raw vegetables, milk, cheese, and processed meats, 
implicating the gastrointestinal tract as the usual portal of entry. Disease is associated with 
extremes of age (neonates and persons >50 years), alcoholism, malignancy, immune suppression, 
diabetes mellitus, liver and kidney disease, iron overload, collagen vascular disorders, 
pregnancy, HIV infection, and use of antitumor necrosis factor-a agents such as infliximab and 
etanercept. 


H. influenzae type b is now a rare cause of bacterial meningitis in the United States since the 
licensure and routine use of H. influenzae type b conjugate vaccines. Gram-negative bacilli 
(Klebsiella species, Escherichia coli, Serratia marcescens, and Pseudomonas aeruginosa) may 
cause meningitis in patients following neurosurgical procedures or head trauma, or in association 
with disseminated strongyloidiasis in the hyperinfection syndrome. Staphylococcus aureus 
meningitis usually occurs in the postneurosurgical period or after head trauma, but it may also 
develop in patients with diabetes mellitus, alcoholism, chronic kidney disease requiring 
hemodialysis, injection drug use, endocarditis, and malignancy. Coagulase-negative 
staphylococci are the most common cause of meningitis in patients with CSF shunts. 


Adult patients with bacterial meningitis classically present with fever, headache, nuchal rigidity, 
and signs of cerebral dysfunction, although insidious onset with lethargy or obtundation and 
variable signs of meningeal irritation may be present in elderly patients, especially in the setting 
of diabetes mellitus or cardiopulmonary disease. The diagnosis of acute bacterial meningitis is 
established by CSF analysis (Table 1). The initial management approach to the patient with 
acute meningitis is shown in Figure 1. Once there is suspicion of acute bacterial meningitis, 
blood cultures must be obtained and a lumbar puncture immediately performed to determine 
whether the CSF findings are consistent with the clinical diagnosis. In some patients, the 
clinician may not emergently perform the lumbar puncture (that is, secondary to the inability to 
obtain CSF or the concern that the clinical presentation is caused by a central nervous system 
[CNS] mass lesion, in which case a CT scan of the head will be performed before lumbar 
puncture). CT scan before lumbar puncture should be performed in patients who are 
immunocompromised, have a history of CNS disease, present with new-onset seizures, or have 
an abnormal level of consciousness, focal neurologic deficit, or papilledema. It has also recently 
been suggested that lumbar puncture should be delayed in patients with clinical signs of 
impending brain herniation because of the risk for precipitating brain herniation, even in those 
with a normal CT. These clinical signs include a deteriorating level of consciousness 
(particularly a Glasgow Coma Scale score of <11), brain stem signs (including pupillary 
changes, posturing, or irregular respirations), and a very recent seizure. In those patients in 
whom the lumbar puncture is delayed, blood cultures must be obtained and appropriate 
adjunctive and antimicrobial therapy (Table 2) given before lumbar puncture. Once CSF 
analysis is performed, targeted antimicrobial therapy (Table 3) can be initiated in patients with a 
positive Gram stain result. 


Once an etiologic agent is identified and antimicrobial susceptibility has been performed, 
specific antimicrobial therapy should be started (Table 4). 


Administration of adjunctive dexamethasone should be strongly considered in patients with acute 
bacterial meningitis, because clinical trials have established the benefit of adjunctive 
dexamethasone on adverse outcomes and death in adults with suspected or proven pneumococcal 
meningitis. In patients with pneumococcal meningitis caused by strains that are highly resistant 
to penicillin or cephalosporins, careful follow-up for possible dexamethasone-associated adverse 
clinical outcomes is critical because there are insufficient outcome data on patients treated with 
adjunctive dexamethasone who are subsequently found to have meningitis caused by these 
resistant bacteria. In this circumstance, repeat CSF analysis should be performed in any patient 
who has not responded clinically after 48 hours of appropriate antimicrobial therapy. 


Appropriate timing of dexamethasone administration in patients with suspected or proven 
bacterial meningitis is crucial. Dexamethasone (0.15 mg/kg every 6 hours for 2 to 4 days) should 
be administered with or just before the first dose of antimicrobial therapy for maximal benefit. 
There are insufficient data in adults with pneumococcal meningitis to know whether 
dexamethasone administration after antimicrobial therapy offers any outcome benefit. 


Suspicion for bacterial meningitis 


Immunocompromise, history of CNS disease, 
new-onset seizure, papilledema, altered consciousness, 
or focal neurologic deficit; or delay in performance of 
diagnostic lumbar puncture 


No Yes 
Blood cultures and 
lumbar puncture STAT Blood cultures STAT 
Dexamethasone + empiric Dexamethasone + empiric 
antimicrobial therapy antimicrobial therapy 


Yes Negative CT scan of the head 
CSF findings dw bacterial meningitis Perform lumbar puncture 
Yes 
Positive CSF Gram stain 


Dexamethasone + empiric Dexamethasone + targeted 
antimicrobial therapy antimicrobial therapy 


Figure 1. Management algorithm for adults with suspected 
bacterial meningitis. 


CNS = central nervous system; c/w = consistent with; CSF = cerebrospinal fluid. 


Reprinted with permission from Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, 
Scheld WM, et al. Practice guidelines for the management of bacterial meningitis. Clin Inf Dis. 
2004; 39:1267-84. Copyright 2004 Infectious Diseases Society of America. 


Table 1. Typical Cerebrospinal Fluid Findings in Patients 
with Acute Meningitis 


CSF Parameter Bacterial Viral” 
Opening pressure (mm H20) 200-500" <250 
Leukocyte count (uL) 1000-5000 (1000-5000 x 10°/L)* 50-1000 (50-1000 x 10°/L) 
Leukocyte differential Neutrophils Lymphocytes* 
Glucose <40 mg/dL (2.2 mmol/L)* >45 mg/dL (2.5 mmol/L) 
Protein 100-500 mg/dL (1000-5000 mg/L) <200 mg/dL (2000 mg/L) 
Gram stain Positive in 60-90%" Negative 
Culture Positive in 70-85% Negative 


CSF = cerebrospinal fluid. 
“Primarily nonpolio enteroviruses (echoviruses and coxsackieviruses). 


Values exceeding 600 mm H20 suggest the presence of cerebral edema, intracranial suppurative 
foci, or communicating hydrocephalus. 


“Range may be <100 to >10,000 cells/uL (100-10,000 x 10°/L). 


“May have a neutrophil predominance early in infection, but gives way to lymphocyte 
predominance over the first 6-48 hours. 


“The CSF:serum glucose ratio is <0.40 in most patients. 


‘Likelihood of a positive Gram stain correlates with number of bacteria in CSF. 


Table 2. Empiric Antimicrobial Therapy for Purulent 
Meningitis Based on Patient Age and Underlying Condition 


Predisposing Common Bacterial Pathogens Antimicrobial Therapy 
Factor 
Age 0-4 weeks Streptococcus agalactiae, Escherichia coli, Ampicillin + cefotaxime; 
Listeria monocytogenes, Klebsiella species or ampicillin + an 


aminoglycoside 


Age 1-23 months Streptococcus pneumoniae, Haemophilus Vancomycin + a third- 
influenzae, S. agalactiae, Neisseria meningitidis, generation 


E. coli cephalosporin*”* 

Age 2-50 years S. pneumoniae, N. meningitidis Vancomycin + a third- 
generation 
cephalosporin*”* 

Age >50 years S. pneumoniae, N. meningitidis, L. Vancomycin + ampicillin 

monocytogenes, gram-negative bacilli + a third generation 
cephalosporin*” 

Basilar skull S. pneumoniae, H. influenzae, group A B- Vancomycin + a third- 

fracture hemolytic streptococci generation cephalosporin* 

Postneurosurgery or Staphylococcus aureus, coagulase-negative Vancomycin + either 

head trauma staphylococci (especially Staphylococcus ceftazidime or cefepime 


epidermidis), gram-negative bacilli (including or meropenem 
Pseudomonas aeruginosa) 


Cerebrospinal fluid S. aureus, coagulase-negative staphylococci Vancomycin + either 
shunt (especially S. epidermidis), gram-negative bacilli ceftazidime or cefepime 
(including P. aeruginosa), diphtheroids or meropenem 


(including Propionibacterium acnes) 
“Cefotaxime or ceftriaxone. 
’Some experts would add rifampin if dexamethasone is given. 


“Add ampicillin if the patient has risk factors for Listeria monocytogenes or infection with this 
organism is suspected. 


Table 3. Targeted Antimicrobial Therapy for Bacterial 
Meningitis Recommendations* 


Microorganism Antimicrobial Therapy 
Streptococcus pneumoniae? Vancomycin + a third-generation cephalosporin“ 
Neisseria meningitidis A third-generation cephalosporin® 
Listeria monocytogenes Ampicillin or penicillin G° 
Streptococcus agalactiae Ampicillin or penicillin G° 


Haemophilus influenzae type b' A third-generation cephalosporin‘ 


“Based on presumptive pathogen identification by cerebrospinal fluid Gram stain. 


Pending in vitro susceptibility testing, assume that the pneumococcal isolate is highly resistant 
to penicillin and use combination therapy. 


“Cefotaxime or ceftriaxone. 


“Addition of rifampin may be considered. 

“Addition of an aminoglycoside may be considered. 

"Pending in vitro susceptibility testing, assume that the microorganism produces B-lactamase. 
Table 4. Recommendations for Specific Antimicrobial 


Therapy for Bacterial Meningitis Based on Pathogen and In 
Vitro Susceptibility Testing 


Microorganism Standard Therapy Alternative Therapies 

Streptococcus pneumoniae 

Penicillin MIC <0.1 ug/mL Penicillin G or Third-generation cephalosporin’; 
ampicillin chloramphenicol 

Penicillin MIC 0.1-1.0 ug/mL Third-generation Meropenem; cefepime 
cephalosporin* 

Penicillin MIC >2.0 ug/mL; Vancomycin +a A fluoroquinolone’ 

or cefotaxime or ceftriaxone third-generation 

MIC =1.0 ug/mL cephalosporin*” 

Neisseria meningitidis 

Penicillin MIC <0.1 ug/mL Penicillin G or Third-generation cephalosporin’; 
ampicillin chloramphenicol 

Penicillin MIC 0.1-1.0 ug/mL A third-generation Chloramphenicol; a fluoroquinolone; 
cephalosporin* meropenem 

Listeria monocytogenes Ampicillin or Trimethoprim-sulfamethoxazole 
penicillin G* 

Streptococcus agalactiae Ampicillin or Third-generation cephalosporin’; 
penicillin G’ vancomycin 


Haemophilus influenzae 

B-Lactamase-negative Ampicillin Third-generation cephalosporin’; 
cefepime; chloramphenicol; a 
fluoroquinolone; aztreonam 


B-Lactamase-positive Third-generation Chloramphenicol; cefepime; a 
cephalosporin* fluoroquinolone; aztreonam 
Escherichia coli and other Third-generation Aztreonam; meropenem; a 
Enterobacteriaceae® cephalosporin* fluoroquinolone; 
trimethoprimsulfamethoxazole 
. aed d d 
Pseudomonas aeruginosa Ceftazidime’ or Aztreonam’; meropenem ; a 
cefepime’ fluoroquinolone’ 


Staphylococcus aureus 
Methicillin-sensitive Nafcillin or oxacillin Vancomycin; meropenem 


Methicillin-resistant Vancomycin’ Trimethoprim-sulfamethoxazole; 
linezolid; daptomycin 


Staphylococcus epidermidis Vancomycin’ Linezolid 


MIC = minimal inhibitory concentration. 
“Cefotaxime or ceftriaxone. 


P Addition of rifampin should be considered if the organism is sensitive and if the ceftriaxone 
MIC is >2 ug/mL. 


“No clinical data available; would use newer fluoroquinolones with in vitro activity against S. 
pneumoniae (e.g., moxifloxacin). Many experts would not use a fluoroquinolone as single-agent 
therapy but would combine with vancomycin or a third-generation cephalosporin such as 
cefotaxime or ceftriaxone. 


“Addition of an aminoglycoside should be considered. 
“Choice of specific antimicrobial therapy should be guided by in vitro susceptibility test results. 


‘Consider addition of rifampin. 
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Brain Abscess 


Before the advent of HIV infection, about 1500 to 2500 patients received treatment for brain 
abscesses in the United States annually. Mortality rates now range from 0 to 24%, compared 
with previous rates of 30% to 60%. This decrease can be attributed to the availability of more 
effective antimicrobial regimens, new surgical techniques, and the availability of CT scanning, 
which allows early diagnosis and monitoring of patients with brain abscesses. 


The most common mechanism of brain abscess formation is spread from a contiguous focus of 
infection, most often originating in the middle ear, mastoid cells, or paranasal sinuses. A second 
mechanism of brain abscess formation is hematogenous spread from a distant focus of infection. 
These abscesses are usually multiple and multiloculated and confer a higher mortality rate than 
those arising from contiguous foci of infection. The most common source of initial infection in 
adults with brain abscesses is chronic pyogenic lung disease, but hematogenous spread to the 
brain may also result from wound and skin infections, osteomyelitis, pelvic infection, 
cholecystitis, endocarditis, and other intraabdominal infections. Trauma is the third pathogenic 
mechanism of brain abscess formation, secondary to an open cranial fracture with dural breach 
or to neurosurgery or foreign-body injury. Brain abscess is cryptogenic in about 20% of patients. 


Patients with brain abscesses commonly have headache, with severe pain usually located on the 
same side of the head as the abscess that is gradual or acute in onset and that may not be relieved 
by aspirin or other over-the-counter medications. Neck stiffness, changes in mental status, and 
vomiting may also occur. 


Physical examination findings may include fever (45% to 50%), neurologic deficits (about 50%), 
and seizure (about 25%), with tonic-clonic seizures a very common occurrence in patients with 
frontal abscesses. 


MRI is more sensitive than CT in the diagnostic evaluation of brain abscess and offers 
significant advantages in the early detection of cerebritis and satellite lesions and identification 
of spread of inflammation into the ventricles and subarachnoid space. On T1-weighted 
nonenhanced images, the capsule of the abscess reveals a thin-walled ring that is isointense to 
slightly hyperintense relative to the brain, and hypointense on T2-weighted images; after 
gadolinium administration, the abscess shows a ring or, less commonly, multiloculated 
enhancement. 


The use of CT scanning in patients with suspected brain abscess has allowed stereotactic CT- 
guided aspiration to facilitate microbiologic diagnosis and guide antimicrobial therapy. During 
aspiration, specimens should be obtained for Gram stain and for cultures to identify aerobic and 
anaerobic organisms and mycobacteria and fungi. Other special stains, such as the acid-fast stain 
for mycobacteria, the modified acid-fast stain for Nocardia species, and special stains for fungi 
(for example, mucicarmine and methenamine silver) should be performed to aid in the diagnosis. 


After appropriate neuroimaging is performed, emergent surgery is required in patients with brain 
abscess, with excision or stereotactic aspiration of all lesions greater than 2.5 cm in diameter. 
When all abscesses are 2.5 cm in diameter or less, the largest lesion should be aspirated to 
facilitate diagnosis and identification of microorganisms. Once abscess material is aspirated for 
use in microbiologic and histologic studies, empiric antimicrobial therapy consisting of abscess 
cavity—penetrating agents should be initiated based on the likely pathogenesis of infection (Table 
5). After the infecting pathogen(s) have been isolated, antimicrobial therapy can be modified for 
optimal treatment. However, even when only a single pathogen is isolated, pathogenesis of 
spread to the CNS should be considered in the selection of antimicrobial agents because certain 
bacteria such as anaerobes may not be identified by routine culture techniques. Six to 8 weeks of 
antimicrobial therapy is generally recommended in patients with adequate surgical drainage, with 
regular follow-up neuroimaging studies for 3 months to evaluate the therapeutic response. 


Table 5. Recommendations for Empiric Antimicrobial 
Therapy in Patients with Bacterial Brain Abscess Based on 
Predisposing Condition 


Predisposing Usual Bacterial Isolates Antimicrobial Regimen 
Condition 


Otitis media or Streptococci (aerobic or anaerobic); Metronidazole + a third- 


mastoiditis Bacteroides species; Prevotella species; generation cephalosporin? 


Enterobacteriaceae 

Sinusitis Streptococci, Bacteroides species; Vancomycin + metronidazole 
Enterobacteriaceae; Staphylococcus + a third-generation 
aureus; Haemophilus species cephalosporin* 

Dental sepsis Mixed Fusobacterium, Prevotella, and Penicillin + metronidazole 


Bacteroides species; streptococci 
Penetrating trauma or S. aureus, streptococci; Enterobacteriaceae; Vancomycin + a third- 


after neurosurgery Clostridium species generation cephalosporin* 
Lung abscess, Fusobacterium, Actinomyces, Bacteroides, Penicillin + metronidazole + 
empyema, and Prevotella species; streptococci; a sulfonamide? 
bronchiectasis Nocardia species 

Endocarditis S. aureus, streptococci Vancomycin + gentamicin 


“Cefotaxime or ceftriaxone; use cefepime if Pseudomonas aeruginosa is suspected. 


Trimethoprim-sulfamethoxazole; include if Nocardia species are suspected. 
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Subdural Empyema 


Subdural empyema (an infectious process occupying the space between the dura mater and 
arachnoid membrane surrounding the brain) accounts for 15% to 20% of all localized intracranial 
infections, with mortality rates of approximately 10% to 20%. The most common conditions 
predisposing to cranial subdural empyema are otorhinologic infections, especially of the 
paranasal sinuses, which are affected in 50% to 80% of patients, followed by the mastoid cells 
and the middle ear in 10% to 20%. Metastatic infection is present in only about 5% of patients. 


Several bacterial species have been isolated in patients with cranial subdural empyema, including 
aerobic streptococci (25% to 45%), staphylococci (10% to 15%), aerobic gram-negative bacilli 
(3% to 10%), and anaerobic streptococci and other anaerobes (from 33% to as high as 100% in 
some series in which careful culturing was performed); polymicrobial infections are common. 
Surgical cultures do not yield growth in 7% to 53% of cases, presumably because of prior 
administration of antimicrobial therapy or failure to use proper techniques for anaerobic cultures. 


The diagnosis of cranial subdural empyema should be considered in any patient presenting with 
meningeal signs and a focal neurologic deficit. MRI, which is the diagnostic imaging procedure 
of choice, provides better clarity of detail than CT in the diagnosis of cranial subdural empyema 
and is particularly helpful in detecting subdural empyemas located at the base of the brain, along 
the falx cerebri, or in the posterior fossa. MRI can also differentiate extra-axial empyemas from 


most sterile effusions and subdural hematomas. T1l-weighted images show mass effect and 
hypointense areas of purulence, which are hyperintense on T2-weighted images. 


Subdural empyema is a medical and surgical emergency. Surgery is needed because 
antimicrobial agents alone do not reliably sterilize the empyema. Cultures of purulent material 
can be used to guide antimicrobial therapy based on Gram stain results and predisposing factors 
for infection. Given the likelihood of polymicrobial infection from paranasal sinusitis, an empiric 
regimen of vancomycin, metronidazole, and an agent with broad in vitro activity against aerobic 
gram-negative bacilli such as cefepime, ceftazidime, or meropenem is reasonable, pending 
microorganism identification and in vitro susceptibility testing. 


The goals of surgical therapy are to achieve adequate decompression of the brain and to evacuate 
the empyema completely. The optimal surgical approach (that is, drainage via burr holes or 
craniotomy) is controversial, although some studies have demonstrated a better outcome for 
patients who undergo craniotomy drainage versus burr-hole surgery. 
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Epidural Abscess 


Epidural abscess is a localized collection of pus between the dura mater and overlying skull or 
vertebral column. Spinal epidural abscess usually occurs secondary to hematogenous 
dissemination from foci elsewhere in the body to the epidural space (50% of patients) or by 
contiguous extension (30% of patients) from conditions such as vertebral osteomyelitis. 
Bacteremia may be an important predisposing factor to development of epidural abscess because 
the incidence of spinal epidural abscess is increased in patients who use injection drugs. Diabetes 
mellitus is also an important risk factor, present in up to 50% of patients. The infecting 
microorganism in most patients with spinal epidural abscess is S. aureus (50% to 90%), with 
more cases in recent years caused by methicillin-resistant S. aureus (MRSA). Gram-negative 
bacilli (especially E. coli and P. aeruginosa) are present in 12% to 17% of patients, and aerobic 
and anaerobic streptococci are isolated in 8% to 17%. A primary source of infection is not 
identified in 20% to 40% of patients with epidural abscess. 


The triad of symptoms in patients with spinal epidural abscess consists of fever, spinal pain, and 
neurologic deficits, but all three symptoms are present in only a few patients on presentation. 
Early diagnosis and intervention are crucial because, left untreated, symptoms of epidural 
abscess progress sequentially from pain to potentially irreversible paralysis. Signs and symptoms 
of cranial epidural abscess are the result of infection and the slowly expanding intracranial mass. 
Diagnosis is often delayed because cranial epidural abscess is often a complication of another 
localized infection (sinusitis or mastoiditis) that dominates the clinical focus. 


MRI is the diagnostic procedure of choice in patients with suspected spinal epidural abscess. 
MRI is recommended over CT because it can better facilitate visualization of the spinal cord and 
epidural space in both sagittal and transverse sections and can help to identify accompanying 
osteomyelitis, intramedullary spinal cord lesions, and diskitis. 


Therapy for spinal epidural abscess consists of prompt surgical decompression, abscess drainage, 
and long-term antimicrobial therapy. Empiric antimicrobial therapy must include an 
antistaphylococcal agent (that is, vancomycin pending microorganism identification and in vitro 
susceptibility testing) plus coverage for aerobic gram-negative bacilli with an agent such as 
cefepime, ceftazidime, or meropenem, especially in patients with a history of spinal procedure or 
injection drug use. 


Patients with spinal epidural abscess and neurologic dysfunction represent a surgical emergency 
and require laminectomy with decompression and drainage to minimize the likelihood of 
permanent neurologic sequelae. Antimicrobial therapy alone can be used in patients who have 
localized pain or radicular symptoms without long-tract findings, although these patients require 
frequent neurologic examinations and serial MRI studies to demonstrate resolution of the 
abscess; emergency surgical decompression should be performed in any patient with an 
increasing neurologic deficit, persistent severe pain, or increasing fever or persistent 
leukocytosis. Although emergent decompressive laminectomy is not indicated in patients with 
paralysis of more than 24 to 36 hours’ duration, it may still be needed to treat the epidural 
infection and control sepsis. In patients receiving antimicrobial therapy alone, identification of 
the causative pathogen may be attempted by CT-guided needle aspiration, which is important in 
guiding appropriate drug therapy. 
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Viral Central Nervous System Infections 


e Viral Encephalitis 
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Viral Encephalitis 


Encephalitis is defined by the presence of an inflammatory process in the brain associated with 
clinical evidence of neurologic dysfunction. Various pathogens cause encephalitis, most of 
which are viruses. The most commonly identified viral causes of encephalitis in the United 
States are herpes simplex virus, West Nile virus, and the enteroviruses, followed by other 
herpesviruses such as varicella-zoster virus. However, the cause of encephalitis remains 
unknown in 32% to 75% of patients despite extensive testing. Furthermore, approximately 10% 
of patients initially thought to have an infectious cause for their encephalitis are ultimately found 
to have a noninfectious condition. All patients with suspected encephalitis should undergo 
neuroimaging (preferably MRI) and CSF analysis with appropriate serologic or nucleic acid 
amplification tests to identify the causative agent. Recommended studies, including additional 
tests on specimens outside the CNS, are guided by specific epidemiologic clues (see below). 
Although the cause of encephalitis remains unidentified in many cases, identifying the cause is 


important for facilitating prognosis, potential prophylaxis, patient and family counseling, and 
initiating public health interventions. 


Epidemiologic clues helpful in identifying etiologic agents in patients with encephalitis include 
season of the year; geographic locale; prevalence of disease in the local community; patient 
immune status; and history of travel, recreation, occupation, insect contact, animal contact, and 
vaccination. Clinical presentation and certain physical examination findings, such as rash, 
pulmonary findings, and neurologic presentation, may also be informative. Although these clues 
may be suggestive of certain causes of encephalitis, the etiologic diagnosis is based on 
identifying microorganisms in specimens from outside or within the central nervous system 
(CNS). Specimens from outside the CNS include specific fluid cultures (blood, nasopharynx, 
sputum, and urine), direct fluorescent antibody testing (for example, of skin lesions), tissue 
biopsies with use of nucleic acid amplification tests such as polymerase chain reaction (PCR), 
and serologic testing. For serologic testing, measurement of acute and convalescent serum IgG 
titers is useful for the retrospective diagnosis of infection by a causative agent, although this 
testing is generally not useful in guiding specific therapy because a diagnosis may not be 
confirmed for several weeks following the acute illness. 


MRI is the diagnostic neuroimaging procedure of choice in patients with suspected encephalitis, 
although it generally does not differentiate a specific cause of encephalitis from another. Results 
of electroencephalography are generally nonspecific but can identify nonconvulsive seizure 
activity in those who are confused, obtunded, or comatose. Unless contraindicated, CSF analysis 
is essential in patients with viral encephalitis and typically reveals a mononuclear pleocytosis 
and mild or moderately elevated protein concentration; however, a few patients (approximately 
3% to 5%) with severe CNS viral infections, including herpes simplex encephalitis, can have 
completely normal CSF. The presence of virus-specific IgM in CSF usually indicates CNS 
disease, because IgM antibodies do not readily cross the blood-brain barrier. The development of 
nucleic acid amplification tests such as PCR has greatly increased the ability to establish a 
diagnosis of CNS infection, especially herpesvirus infection. CSF cultures are of limited value in 
isolating viral causes of encephalitis. Brain biopsy is used only rarely to identify the cause of 
encephalitis but should be considered in patients with encephalitis of unknown cause whose 
condition deteriorates neurologically despite acyclovir therapy. 
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Herpes Simplex Encephalitis 


Herpes simplex virus is one of the most common causes of identified sporadic encephalitis 
worldwide, accounting for 5% to 10% of cases. Herpes simplex virus type 1 occurs more 
commonly in adults, and herpes simplex virus type 2 occurs more commonly in neonates. 


Clinical features of herpes simplex encephalitis include fever, hemicranial headache, language 
and behavioral abnormalities, memory impairment, cranial nerve deficits, and seizures. On T1- 
weighted MRI, edema and hemorrhage in the temporal lobes and hypodense areas and 
nonhomogeneous contrast enhancement may be identified. Bilateral temporal lobe involvement 


is nearly always pathognomonic for herpes simplex encephalitis but is a late development. More 
than 90% of patients with herpes simplex encephalitis documented by CSF PCR have 
abnormalities on MRI of the brain. In more than 80% of patients with herpes simplex 
encephalitis, electroencephalography demonstrates a temporal focus that typically occurs 
between days 2 and 14 of symptom onset. 


The reported sensitivity and specificity of CSF PCR is greater than 96% to 98% and 95% to 
99%, respectively. CSF PCR results are positive early in the disease course and remain positive 
during the first week of therapy; false-negative results are observed when hemoglobin or other 
inhibitors are present in the CSF. The presence of fewer than 10 leukocytes/uL (10 x 10°/L) in 
the CSF has also been associated with a higher likelihood for a negative CSF PCR result. 
Initially negative CSF PCR results for herpes simplex virus may become positive on repeat 
testing 1 to 3 days after treatment initiation in patients with herpes simplex encephalitis. 
Therefore, in undiagnosed cases of encephalitis in which patients have clinical features 
suggestive of this disease or temporal lobe findings on neuroimaging, a repeat CSF PCR on a 
second CSF specimen should be considered 3 to 7 days into therapy. 


Although various viruses may cause encephalitis, specific antiviral therapy is generally limited to 
disease caused by the herpesviruses, especially herpes simplex virus. Acyclovir, 10 mg/kg 
intravenously every 8 hours for 14 to 21 days in patients with normal renal function, is the 
treatment of choice. However, despite the availability of specific antiviral therapy, mortality is 
28% 18 months after treatment. Predictors of adverse outcome include patient age older than 30 
years, depressed level of consciousness with a Glasgow Coma Scale score of less than 6, and 
symptom duration before starting acyclovir of greater than 4 days. Initiation of therapy fewer 
than 4 days after symptom onset has reduced mortality to 8%. Negative CSF PCR results at the 
completion of therapy in patients with herpes simplex encephalitis are associated with a better 
outcome, suggesting that a CSF PCR assay should be repeated at completion of therapy in 
patients who have not responded fully to treatment. Positive CSF PCR test results indicate the 
need for continuation of antiviral therapy. 
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Arboviral Encephalitis 


Arboviruses are viral agents with avian or small mammalian reservoirs transmitted by mosquito 
or other arthropod vector, and they can lead to development of encephalitis. In the United States, 
the most important agents are the La Crosse virus, St. Louis encephalitis virus, Eastern equine 
encephalitis virus, and West Nile virus. Most people infected with arboviruses are presumed to 
have subclinical infection, although they may develop neuroinvasive disease. 


In recent years, the West Nile virus has been identified as an important cause of encephalitis in 
the United States and has now been identified in almost all parts of the United States. Birds are 
the main reservoir of this virus in nature. Several species of mosquitoes can acquire the virus 
after biting a bird with high-level viremia. Besides mosquito-vector transmission, West Nile 
virus transmission may also occur through transfusion, transplantation, and breast-feeding. In 


patients with West Nile virus infection, an increased incidence of encephalitis exists in those 
older than 50 years (1 in 150 develop neuroinvasive disease) and who are immunocompromised. 


Clinical features of neurologic infection with West Nile virus include tremors, myoclonus, 
parkinsonism, and poliomyelitis-like flaccid paralysis that may be irreversible. In recent years, 
IgM- and IgG-capture enzyme-linked immunosorbent assays have become the most useful and 
widely used tests for diagnosing arboviral encephalitis. However, cross-reactivity of serologic 
assays may occur, particularly among the flaviviruses such as Japanese encephalitis virus, St. 
Louis encephalitis virus, and West Nile virus. In areas in which multiple flaviviruses may 
cocirculate or in patients who have previously received vaccination against a related flavivirus 
such as Japanese encephalitis virus or yellow-fever virus, plaque-reduction neutralization testing 
is recommended. 


In patients with encephalitis caused by flaviviruses and Eastern equine encephalitis virus, MRI 
may display a characteristic pattern of mixed-intensity or hypodense lesions on T1-weighted 
images in the thalamus, basal ganglia, and midbrain, which are hyperintense on T2-weighted and 
fluid-attenuated inversion recovery (FLAIR) imaging. These neuroimaging findings occur in 
about 30% of patients with West Nile virus encephalitis. 


The detection of CSF IgM antibodies by enzyme-linked immunosorbent assay in patients with 
presumed flavivirus encephalitis is considered diagnostic of neuroinvasive disease. 
Approximately 90% of patients with neuroinvasive disease caused by West Nile virus will have 
detectable CSF IgM antibody titers 8 to 10 days after symptom onset, and these titers are still 
detectable more than 500 days after presentation; therefore, the presence of CSF IgM antibodies 
in patients with West Nile virus—associated neuroinvasive disease is suggestive of acute infection 
only in the setting of a compatible clinical syndrome. CSF PCR results are positive for West Nile 
virus in less than 60% of serologically confirmed cases. 


Effective therapy is not available for arbovirus-induced encephalitis. Studies on the benefits of 
therapy with interferon alfa and interferon alfa-2b have been inconclusive or limited. A 
prospective, randomized trial is needed to support this approach. 


One study of patients with West Nile virus encephalitis in Israel found no significant benefit in 
patients who took oral ribavirin, and treatment was possibly detrimental. However, multivariate 
analysis suggests that the use of ribavirin may have been a surrogate marker for use in sicker 
patients. Interferon alfa was used in a nonrandomized, nonblinded assessment of patients with 
West Nile virus encephalitis, but the results were inconclusive. 
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Prion Diseases 


Introduction 
Creutzfeldt-Jakob Disease 
Variant Creutzfeldt-Jakob Disease 


Key Points 


All human prion diseases have a long incubation period, spongiform brain pathology 
without inflammation, normal cerebrospinal fluid, relentless symptomatic progression, 
and no specific treatment. 

Dementia progressing over months, cerebellar and spinocerebellar findings, and startle 
myoclonus possibly developing later in the illness are characteristic of Creutzfeldt-Jakob 
disease. 

Sensory and cranial nerve abnormalities are distinctly unusual in Creutzfeldt-Jakob 
disease. 

Creutzfeldt-Jakob disease has no established treatment and is unvaryingly fatal. 
Compared with Creutzfeldt-Jakob (CJD) disease, variant CJD has a much earlier age of 
onset and is characterized by a psychiatric presentation and the presence of PrPSc in 
lymph node and tonsillar tissue, making biopsy of the latter a useful diagnostic test. 
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Introduction 


Prions are pathogenic particles that produce disease when a conformational change develops in a 
normally occurring host protein, PrPC. This change is associated with the accumulation of prion 
protein, PrPSc, in neural tissues. All human prion diseases share several features, including a 
long incubation period, spongiform brain pathology without inflammation, normal cerebrospinal 
fluid, relentless symptomatic progression, and no specific treatment. 


There are five human prion diseases, of which Creutz-feldt-Jakob disease (CJD) and variant 
Creutzfeldt-Jakob disease (vCJD) are the most common (Table 6). 


Table 6. Prion Diseases’ 


Disease Characteristic Features 


Kuru First prion disease described. Was endemic in Fore Indians of Papua New 
Guinea owing to ritual cannibalism. Characterized by tremors, ataxia, 
movement disorders, and progression to dementia and death within 2 years. 


Gerstmann- Autosomal dominant. Described in more than 20 families. Characterized by 
Straussler-Scheinker progressive cerebellar degeneration, leading to dementia and death in 5 
syndrome years. 


Fatal familial Characterized by progressive insomnia, confusion, hallucinations, 
insomnia autonomic dysfunction, endocrine abnormalities, and death within 1 year. 


“Creutzfeldt-Jakob disease (CJD) and variant CJD, the two most common of the prion diseases, 
are described in the syllabus text. 
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Creutzfeldt-Jakob Disease 


CJD is the most common of the human prion diseases, with an annual incidence of less than | in 
1,000,000 persons. Sporadic, familial, and iatrogenic forms occur with a relative frequency of 
85%, 15%, and less than 1%, respectively. Mutations in a gene located on the short arm of 
chromosome 20 that encode for PrPC are highly associated with the development of familial 
CJD. Iatrogenic CJD has been transmitted by dural grafts, corneal transplants, contaminated 
neurosurgical instruments, and cadaveric pituitary hormones. CJD typically occurs between the 
ages of 50 and 70 years. 


The main clinical features of CJD are dementia that progresses over months and startle 
myoclonus, although the latter may not be present early in the illness (Table 7). Many other 
neurologic abnormalities may occur; however, sensory and cranial nerve abnormalities are 
distinctly unusual in CJD. 


The diagnosis of CJD can be established only by brain biopsy; however, when performed in the 
correct clinical setting, other less-invasive tests strongly support the diagnosis. CT is helpful only 
in excluding other diagnoses. Increased signal intensity in the putamen and head of the caudate 
on MRI of the brain suggests CJD. An abnormal cerebrospinal fluid protein 14-3-3 may have 
some utility in the diagnosis of CJD. It is neither sensitive nor specific enough to be diagnostic 
but might be helpful in evaluating a patient with suggestive symptoms and compatible MRI 
findings. CJD has no established treatment and is unvaryingly fatal. 


Table 7. World Health Organization Diagnostic Criteria for 
Sporadic Creutzfeldt-Jakob Disease 


Probable (all 4) 
1. Progressive dementia 


2. At least two of the following four clinical features: myoclonus; visual or cerebellar 
disturbance; pyramidal/extrapyramidal dysfunction; akinetic mutism 


3. A typical electroencephalogram with the characteristic pattern of periodic sharp wave 
complexes, and/or a positive cerebrospinal fluid 14-3-3 assay with a clinical duration to death of 
less than 2 years 


4. Routine investigations should not suggest an alternative diagnosis 
Definite (the above clinical features plus at least one of the following) 


1. Loss of neurons; gliosis; spongiform degeneration; or plaques positive for PrPSc on 
histopathology of brain tissue 


2. Positive PrPSc staining following pretreatment of brain tissue with proteinase K to destroy 
PrPC reactivity 


3. Positive histoblotting of brain tissue extracts for PrPSc after treatment with proteinase K to 
destroy PrPC reactivity 


4. Transmission of characteristic neurodegenerative disease to experimental animals 
5. Demonstration of PRNP gene mutations 
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Variant Creutzfeldt-Jakob Disease 


vCJD was first described in the United Kingdom in 1995. vCJD is very likely caused by the 
transmission to humans of bovine spongiform encephalopathy (“mad cow” disease), a prion 
disease of cattle. vCJD differs in several ways from CJD. In particular, compared with CJD, 


vCJD has a much earlier age of onset and is typically characterized by psychiatric symptoms. 
Unlike CJD, patients with vCJD have PrPSc in the lymph node and tonsillar tissue, which makes 
tonsillar biopsy a useful diagnostic test. Changes in the cattle industry have markedly decreased 
the incidence of this disease to fewer than five human cases per year worldwide. 
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Skin and Soft Tissue Infections 


Introduction 

Community-acquired Methicillin-resistant Staphylococcus aureus 
Bite Wounds 

Diabetic Foot Infections 

Necrotizing Fasciitis 

Toxic Shock Syndrome 


Key Points 


The most common cellulitis pathogens are Staphylococcus aureus and the B-hemolytic 
streptococci, especially group A B-hemolytic streptococci. 

Cellulitis should be suspected in patients with acute onset of spreading erythema, edema, 
pain or tenderness, warmth, and, occasionally, fever. 

Suspicion for community-acquired methicillin-resistant Staphylococcus aureus should be 
high in patients with purulent drainage or frank abscesses with associated cellulitis. 

Oral trimethoprim-sulfamethoxazole is recommended for empiric outpatient treatment of 
mild community-acquired methicillin-resistant Staphylococcus aureus soft tissue 
infection. 

In patients with moderate or severe cellulitis, hospitalization and intravenous antibiotics 
with agents such as vancomycin are appropriate. 

Focal skin infections, such as follicular abscesses, often can be treated successfully with 
incision and drainage if the lesion is less than 5 cm in diameter and is not associated with 
systemic symptoms. 

Management of patients with animal bites includes adequate wound irrigation and 
debridement of devitalized tissue, radiographs for those with deep bite wounds or 
puncture-like wounds, and rabies and tetanus risk assessment. 


e Prophylaxis with amoxicillin/clavulanate should be considered for all patients with hand, 
face, and genital bite wounds; for injuries near joints; for those with significant crush 
injury; and for those with underlying immunosuppression. 

e Patients with animal bites presenting with signs of infection and severe tendon, nerve, or 
crush injuries may require hospitalization and intravenous ampicillin/sulbactam therapy. 

e Human bite wounds are associated with a much higher rate of infection than are animal 
bite wounds. 

e Management of human bite wounds includes irrigation, debridement, and radiographs, 
especially in patients with clenched-fist injuries. 

e Antimicrobial prophylaxis consisting of a 3- to 5-day course of amoxicillin/clavulanate 
should be provided to patients who have sustained a human bite wound without overt 
signs of infection. 

e Patients with non—limb-threatening diabetic foot infections due to staphylococci and 
streptococci do not have systemic signs of infection or toxicity and have minimal 
cellulitis surrounding an open wound or ulcer with no tissue ischemia. 

e Limb-threatening diabetic foot infections are characterized by extensive spreading 
cellulitis extending far beyond the wound or ulcer, with systemic illness and possible 
sepsis with ulcers deep into the subcutaneous tissue, and tissue ischemia. 

e Broad-spectrum antibiotics are the appropriate initial treatment for recurrent, moderate, 
and limb-threatening diabetic foot infections, including coverage for staphylococci, 
streptococci, gram-negative rods such as Pseudomonas species, and anaerobes. 

e Patients with necrotizing fasciitis usually present acutely, with systemic illness 
characterized by fever, localizing symptoms, leukocytosis, and, possibly, sepsis or sepsis 
syndrome. 

e Timely surgical exploration to determine the extent of necrosis and debridement of all 
devitalized tissue are essential in patients with necrotizing fasciitis. 

e Broad-spectrum antibiotics are appropriate initial empiric therapy for patients with 
suspected necrotizing fasciitis and should include coverage for Staphylococcus aureus, 
including methicillin-resistant S. aureus; streptococci, including group A B-hemolytic 
streptococci; anaerobes; and gram-negative rods. 

e Clindamycin should be added to the regimen when infection with group A B-hemolytic 
streptococci is suspected in patients with necrotizing fasciitis. 

e Specific toxin-producing strains of Staphylococcus aureus and certain toxin-producing 
streptococci can cause toxic shock syndrome. 

e Contact isolation precautions should be initiated in patients with suspected invasive 
group A B-hemolytic streptococci—induced disease, including toxic shock syndrome and 
necrotizing fasciitis, until completion of 24 hours of antibiotic therapy. 

e Empiric broad-spectrum antibiotics, including clindamycin, are appropriate in any initial 
empiric regimen for possible toxic shock syndrome. 
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Introduction 


Cellulitis is a bacterial skin infection involving the dermis and subcutaneous tissues. This 
infection is most frequently associated with dermatologic conditions involving breaks in the skin, 
such as eczema, tinea pedis, or chronic skin ulcers, and conditions leading to chronic 
lymphedema, such as mastectomy and lymph node dissections or saphenous vein grafts used in 
bypass surgery. See Table 8 for cellulitis risk factors and associated etiologic pathogens. 


The most common pathogens are Staphylococcus aureus and the B-hemolytic streptococci, 
especially group A B-hemolytic streptococci (GABHS). When infecting the skin and 
subcutaneous structures, S. aureus may also cause concomitant abscesses, furuncles, carbuncles 
and bullous impetigo. Erysipelas is a specific skin infection usually caused by GABHS that 
limits its involvement to the upper dermis and superficial lymphatics. 


Cellulitis should be suspected in patients with the acute onset of spreading erythema, edema, 
pain or tenderness, and warmth. Fever, although common, is not uniformly present. Patients with 
severe disease may have associated systemic toxicity. 


The diagnosis of erysipelas is based on classic physical examination findings, including well- 
demarcated, indurated borders; intense erythema; and significant edema. Erysipelas occurs most 
frequently in the extremities and, usually, at the site of preexisting chronic edema. Leukocytosis 
is often present, but this finding is nonspecific. Frequently, the diagnosis is based on clinical 
findings. A specific microbiologic diagnosis is never established in most patients. Despite reports 
of pathogen identification in 5% to 35% of patients who undergo lesional aspiration and in 20% 
to 30% of patients who undergo punch biopsy, the lower figures are more consistent with clinical 
experience. Blood cultures are positive in only 5% of patients and appear to be most helpful 
when the infection is severe or involves immunocompromised hosts. Given their limited yield, 
needle aspiration, punch biopsy, and blood culture are not routinely recommended in mild 
disease. If there is concomitant abscess formation or an open wound with purulent material, 
culture is indicated. 


An antimicrobial agent with activity against S. aureus and B-hemolytic streptococci should 
always be included in any regimen to treat a skin or soft tissue infection, and therapy can be 
narrowed if a causative organism is identified. 


Table 8. Cellulitis Pathogens Associated with Specific 
Behaviors/Risk Factors 


Pathogen Risk Factor Comment 
Streptococcus Rarely seen. Can be a primary soft tissue 
pneumoniae infection or secondary cellulitis after 

bacteremia. Skin findings are similar to 
erysipelas. 
Aeromonas Contact with, or participation in, Cellulitis nonspecific in clinical 
hydrophila recreational sports in freshwater appearance; usually occurs after minor 


lakes, streams, rivers (including trauma to skin leads to inoculation of 
brackish water); contact with organism. 


leeches 


Vibrio vulnificus, Contact with salt water or May cause cellulitis through direct 
other Vibrio brackish water; contact with inoculation into skin or may be ingested, 
species drippings from raw seafood leading to bacteremia with secondary skin 


infection. Hallmark is hemorrhagic bullae 
in area of cellulitis lesion(s). 


Erysipelothrix Contact with salt water marine Cellulitis usually involves the hand or arm, 


rhusiopathiae life (can also infect freshwater and in those handling fish, shellfish, or, 
fish) occasionally, poultry or meat contaminated 
with the bacterium. Causes erysipeloid 
disease. 
Pasteurella Contact with cats Cellulitis occurs as a result of cat scratch or 
multocida bite. 
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Community-acquired Methicillin-resistant Staphylococcus 
aureus 


Novel community-acquired methicillin-resistant S. aureus (CA-MRSA) strains have emerged 
across the United States. These strains are distinct from hospital-acquired or health care— 
associated MRSA strains, have different virulence factors, and often have different antimicrobial 
susceptibility patterns. Most CA-MRSA isolates contain genes encoding the Panton-Valentine- 
Leukocidin (PVL) toxin, which is a cytotoxin that causes leukocyte and tissue destruction. CA- 
MRSA strains have a predilection for causing skin and soft tissue infection, in particular with 
abscess formation, and pneumonia. Initial cases of skin and soft tissue infections, including 
cellulitis with or without abscesses, occurred in children, student and professional athletes, 
prisoners, men who have sex with men, and American Indians. CA-MRSA strains continue to 
spread throughout the community and beyond these initially defined subpopulations, and many 
patients may not have identifiable risk factors. 


Suspicion for CA-MRSA should be high in patients with purulent drainage or frank abscesses 
with associated cellulitis. Patients with mild cellulitis and no history of MRSA colonization or 
infection and no MRSA risk factors may be treated empirically with an oral antistaphylococcal 
penicillin agent such as dicloxacillin or an oral first-generation cephalosporin such as cephalexin. 
Broadened coverage for MRSA is appropriate when the local rate of MRSA isolation is 
relatively high. 


Oral trimethoprim-sulfamethoxazole is usually recommended for empiric outpatient treatment of 
CA-MRSA. The tetracyclines doxycycline and minocycline may also be used as well as oral 
linezolid, which is expensive. Clinda-mycin is not recommended for empiric treatment of CA- 


MRSA infections owing to inducible resistance in these strains. However, clindamycin may be 
prescribed for patients in whom the isolate is sensitive and has tested negative for inducible 
resistance. In patients with moderate or severe cellulitis, hospitalization and intravenous 
antibiotics are indicated, and vancomycin should be considered, especially in the presence of 
known CA-MRSA risk factors or in a community where CA-MRSA strains occur commonly. In 
rare patients with vancomycin allergy and suspected or confirmed MRSA cellulitis, intravenous 
linezolid, daptomycin, or tigecycline may be prescribed. 


Not all CA-MRSA soft tissue infections require antibiotic therapy. Focal skin infections such as 
follicular abscesses often can be treated successfully with incision and drainage if the lesion is 
less than 5 cm in diameter and is not associated with systemic symptoms. Patients with larger 
abscesses or systemic signs of infection should be managed with combination incision and 
drainage and appropriate antimicrobial therapy. 
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Bite Wounds 


e Animal Bite Wounds 
e Human Bite Wounds 
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Animal Bite Wounds 


Recognizing the types of organisms that constitute the mouth flora of the biting animal and the 
skin flora of the patient is important in evaluating patients with bite wounds. Capnocytophaga 
canimorsus, a gram-negative rod, is the most commonly identified pathogen in the oral flora of 
dogs, but Pasteurella multocida may be present in 25% of dog bite-associated wounds. C. 
canimorsus can cause overwhelming sepsis in splenectomized patients or those with severe 
immunosuppression. P. multocida is a common microbe in the oral flora of cats and may be 
found not only in bite wounds but also in cat scratches. Anaerobes are commonly found in the 
mouths of cats and dogs. The oral flora of many reptiles, including snakes and turtles, contain 
various Salmonella species, and snakes can also harbor Pseudomonas aeruginosa. 


Aspects of the history and physical examination in patients with animal bites are described in 
Table 9. Management of patients with animal bites includes adequate wound irrigation and 
debridement of devitalized tissue. Patients with deep bite wounds or fang-related injuries with 
puncture-like wounds should undergo radiographic evaluation for bone involvement. A rabies 
risk assessment should be performed, and in those for whom a credible risk exists, rabies 
immune globulin should be administered and a human diploid rabies vaccination series 
instituted. All cases of rabies must be reported to the local health department, and, when 
possible, the biting animal should be captured and quarantined. Review of the patient’s tetanus 


vaccination status is appropriate (see MKSAP 15 General Internal Medicine). Tetanus immune 
globulin and tetanus toxoid administration are indicated in patients who have not completed the 
vaccination series; tetanus toxoid is administered to those who have completed the series but in 
whom the last booster was more than 5 years ago. 


In patients presenting immediately after injury, no definitive consensus exists on routine 
antimicrobial prophylaxis. Antibiotic prophylaxis is probably not necessary in patients 
presenting 24 hours or more after injury with no overt signs of infection. Prophylaxis should be 
considered for all patients with hand, face, and genital wounds; for injuries near joints; for those 
with significant crush injury; and for those with underlying immunosuppression. A 3- to 5-day 
course of amoxicillin/clavulanate is the first choice in therapy. Alternatives in patients with 
penicillin allergy include the combination of doxycycline or trimethoprim-sulfamethoxazole or a 
fluoroquinolone with an anaerobic agent such as clindamycin. 


Patients with animal bites presenting with signs of infection and severe tendon, nerve, or crush 
injuries may require hospitalization and intravenous antibiotic therapy. Intravenous antibiotic 
choices include ampicillin/sulbactam, other B-lactam/B-lactamase inhibitor combinations, 
cefoxitin, or ciprofloxacin plus clindamycin in patients with penicillin allergy. Patients who do 
not require hospitalization can be treated with the agents used in prophylaxis. Duration of 
treatment in patients with infected bite wounds is usually 7 to 14 days; longer courses are needed 
for patients with bone or joint involvement. 


Table 9. Pertinent History and Physical Examination Points 
in the Evaluation of a Patient with a Bite Wound 


Questions to Ask in the History 
1. What type of animal was involved? 
2. Where is the animal now? 
3. Was the attack unprovoked, and what was the animal’s behavior like prior to the injury? 
4. When did the bite injury occur relative to time of presentation? 
5. Does the patient have a history of splenectomy or a chronic illness that can lead to functional 
asplenia? 
6. Does the patient take immunosuppressive drugs or have a chronic medical illness that causes 
immunosuppression? 
7. Has the patient had a mastectomy/lymph node dissection? 
8. When was the patient’s last tetanus booster? 

Important Physical Examination Findings 

1. Location of bite 
2. Depth of injury (puncture wound) 
3. Range of motion and function of affected limb or adjacent joint 
4. Presence or absence of tendon or joint involvement 
5. Presence of nerve injury 


6. Edema 
7. Evidence of crush injury or devitalized tissue 
8. Presence of findings consistent with infection, including cellulitis or purulent wound drainage 
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Human Bite Wounds 


Human bite wounds are associated with a much higher rate of infection than are animal bites and 
may be self-inflicted, such as paronychia or lip biting; occlusional injuries; or clenched-fist 
injuries from a punch to the face. The oral flora of humans include Eikenella corrodens, 
streptococci, staphylococci, Haemophilus species, and a multitude of anaerobes. Management of 
human bite wounds is similar to that of animal bites and includes irrigation, debridement, and 
radiographs, especially in patients with clenched-fist injuries. Antimicrobial prophylaxis 
consisting of a 3- to 5-day course of amoxicillin/clavulanate is appropriate in patients with 
human bite wounds without overt signs of infection. Patients with clenched-fist injuries have a 
high likelihood for tenosynovitis or infection in the deeper tissues of the hand and often require 
hospitalization. Consultation with a hand surgeon is appropriate in the management of patients 
with these injuries because surgical exploration and debridement are often required to control 
infection and maximize functional outcomes. Initial intravenous antibiotic therapy with 
ampicillin/sulbactam or a similar combination agent is an appropriate first-line regimen. Oral 
therapy can be substituted for intravenous therapy once infection stabilizes or improves. As for 
animal bite wounds, the patient’s tetanus vaccination status should be reviewed (see MKSAP 15 
General Internal Medicine). 
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Diabetic Foot Infections 


Diabetic foot infections usually begin after minor trauma in patients with diabetic peripheral 
neuropathy and arterial vascular disease and range in severity from mild, non—limb-threatening 
to limb- and life-threatening infections. 


Non-limb-threatening infections are usually superficial. Affected patients do not have systemic 
signs of infection or toxicity and have minimal cellulitis surrounding an open wound or ulcer 
with no tissue ischemia. Staphylococci and streptococci are the most commonly associated 
pathogens. 


Limb-threatening infections are characterized by extensive spreading cellulitis extending far 
beyond the wound or ulcer, with systemic illness and possible sepsis with ulcers deep into the 
subcutaneous tissue, and tissue ischemia. Limb-threatening infections are polymicrobial, and 


cultures in affected patients often grow multiple pathogens, including staphylococci, 
streptococci, enteric gram-negative rods, P. aeruginosa, and anaerobes. 


Gram-negative rods and anaerobes are common pathogens in patients with moderate foot 
infections and those with repeated infections or chronic wounds. Superficial swabs of such 
wounds are not as helpful as deep tissue cultures obtained during surgical debridement. Patients 
with diabetic foot infections should be co-managed by vascular surgeons and wound 
management specialists. The possibility of osteomyelitis should be assessed in all patients with 
diabetic foot infections (see Osteomyelitis). Initial treatment for recurrent, moderate, and limb- 
threatening infections should be broad, including coverage for staphylococci (MRSA), 
streptococci, gram-negative rods such as Pseudomonas species, and anaerobes. Targeted 
antibiotic therapy should be based on culture results. 
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Necrotizing Fasciitis 


Necrotizing fasciitis is characterized by infection extending beyond the epidermis, dermis, and 
subcutaneous tissues to involve the fascia and, potentially, the underlying muscle. Infecting 
organisms elaborate toxins and produce enzymes that cause intense tissue inflammation, 
ischemia, and necrosis and, ultimately, overwhelming sepsis and death. Patients with suspected 
necrotizing fasciitis require immediate surgery. 


Some cases are caused by GABHS, alone or with another pathogen such as S. aureus. Other 
cases are polymicrobial, with multiple pathogens, including S. aureus, streptococci, anaerobes, 
and gram-negative rods. Another well-described clinical entity is necrotizing fasciitis caused by 
Vibrio vulnificus, a gram-negative rod commonly found in the coastal waters of the Gulf of 
Mexico. Patients with V. vulnificus—associated necrotizing fasciitis often have underlying chronic 
liver disease or other immunocompromising conditions predisposing them to overwhelming 
infection. 


Necrotizing fasciitis may occur as an extension of infection from a preexisting wound, including 
surgical wounds, chronic vascular or decubitus ulcers, or diabetic foot ulcers. Alternatively, this 
infection may develop without obvious skin or soft tissue injury, although bacterial entry may be 
facilitated by small breaks or minor microtrauma to the skin. Necrotizing fasciitis can involve 
any site, but most cases occur in the lower extremities. When this infection involves the male 
perineum, it is also known as Fournier gangrene. 


Patients usually present acutely, with systemic illness characterized by fever, localizing 
symptoms, leukocytosis, and, possibly, sepsis or sepsis syndrome. The affected area is usually 
indurated (described as “woody’), erythematous, hot, edematous, and exquisitely painful, with 
pain disproportionate to the physical findings. Skin findings can progress rapidly over hours 
from initial erythema to a purplish, dusky, ischemic appearance, and, finally, to cyanosis and 


gangrene (Figure 2). 


An MRI scan of the affected area may identify fascial-plane involvement in patients in whom the 
diagnosis is uncertain. Blood cultures should be obtained on admission. A Gram stain of 
expressed wound material may be helpful in identifying the presumptive etiologic organism; 
however, cultures of involved tissues should also be obtained during surgical debridement. 


Timely surgical exploration to determine the extent of necrosis and debridement of all 
devitalized tissue are essential in patients with necrotizing fasciitis, and most patients require at 
least one second-look surgery. 


Broad-spectrum antibiotics are appropriate initial empiric therapy for patients with suspected 
necrotizing fasciitis and should include coverage for S. aureus, including MRSA; streptococci, 
including GABHS; anaerobes; and gram-negative rods. Regimens consisting of vancomycin plus 
(1) piperacillin-tazobactam, (2) cefepime and metronidazole, or (3) meropenem are reasonable. 
Clindamycin should be part of the initial regimen when GABHS is suspected because a 
retrospective analysis showed greater efficacy for clindamycin compared with B-lactam 
antibiotics in patients with invasive infections. Clindamycin’s greater efficacy in this setting may 
be related to its ability to suppress toxin production in these bacteria and remain active when 
bacteria are in a stationary growth phase. This consideration may be critical in necrotizing 
fasciitis in which large numbers of bacteria may be present at the site, have stopped reproducing, 
and are in stationary phase. Discontinuation of antimicrobials is appropriate once surgical 
debridement is not indicated and the patient has demonstrated clinical improvement, including 
the absence of fever for 2 to 3 days. Studies of the use of intravenous immune globulin in 
necrotizing fasciitis are conflicting, and, as of this writing, no recommendation on its use in 
streptococcal necrotizing fasciitis exists. 


Figure 2. Necrotizing fasciitis of the left calf of an elderly 
patient with peripheral arterial disease. 


Reprinted with permission from Physicians’ Information and Education Resource. Copyright 
2009 American College of Physicians. 
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Toxic Shock Syndrome 


Toxic shock syndrome (TSS) is an infrequent, but life-threatening, infection in which bacterial 
toxins are produced and lead to septic shock. Specific toxin-producing strains of S. aureus cause 
TSS. Certain toxin-producing streptococci, in particular GABHS and groups B, C, F, and G B- 
hemolytic streptococci, can also cause TSS. 


Staphylococcal TSS can occur when toxin-producing strains cause infection at any site in the 
body. Menstruation-associated TSS occurs in women who are using tampons, and 
nonmenstruation—associated TSS involves postpartum and surgical wounds, skin and soft tissue 
infections including abscesses, and nasal packings. Surgical wounds can become a portal of entry 
and are often colonized but not infected. Affected patients have no overt signs of wound 
infection when systemic toxicity develops. Staphylococcal TSS can occur in patients with S. 
aureus pneumonia, usually as a complication of influenza. Both methicillin-susceptible S. aureus 
and MRSA strains can produce toxic shock syndrome toxin-1 (TSST-1). The diagnostic criteria 
for staphylococcal TSS are outlined in Table 10. 


Almost all cases of TSS are sporadic. However, cases of secondary transmission of GABHS- 
induced TSS to health care workers and close contacts have occurred. Contact isolation 
precautions should be initiated in patients with suspected invasive GABHS-induced disease, 
including TSS and necrotizing fasciitis, until completion of 24 hours of antibiotic therapy, as 
well as in those with draining wounds, until cessation of drainage or until there is minimal 
discharge containable by a dressing. 


Streptococcal TSS can occur in the setting of any GABHS infection and has been reported as a 
complication of GABHS pharyngitis. Streptococci gain entry through the skin, vagina, or 
pharynx. Many surgical procedures, including hysterectomy, orthopedic procedures, and 
mammoplasty, have been associated with subsequent streptococcal TSS. Streptococcal skin and 
soft tissue infections may progress to necrotizing fasciitis and streptococcal TSS when the toxin- 
producing strains are the infecting organisms. Some patients with streptococcal TSS may have 
only a history of nonpenetrating trauma, such as hematoma, bruising, and muscle strain. 
Streptococcal TSS may complicate varicella or influenza infections. The diagnostic criteria for 
streptococcal TSS are outlined in Table 11. 


Patients with TSS are critically ill and require aggressive supportive measures. Initial 
examination of such patients should include inspection of the vaginal vault for identification and 
removal of retained foreign bodies and a careful skin examination for identification of any portal 
of entry and potential necrotizing fasciitis. Broad-spectrum antibiotics should be prescribed as 
they would in any patient with sepsis and can be narrowed once the culture results confirm the 
cause of the TSS. Some data suggest that the B-lactam antibiotics (penicillins, cephalosporins, 
and carbapenems) may actually increase TSST-1 production in S. aureus. Consequently, 
clindamycin is typically included in the initial empiric regimen for possible TSS, whether 
staphylococcal or streptococcal infection is suspected. In an observational study, patients with 
streptococcal TSS receiving intravenous immune globulin had a significantly better survival 


outcome compared with patients who did not receive intravenous immune globulin, and this 
agent can be considered as adjunctive treatment. The use of adjunctive intravenous immune 
globulin in staphylococcal TSS is even less well defined. 


Table 10. Diagnostic Criteria for Staphylococcal Toxic 
Shock Syndrome 


The presence of: 

Fever >38.9 °C (102.0 °F) 

Systolic blood pressure less than 90 mm Hg 

Diffuse macular rash with subsequent desquamation, especially on palms and soles 
Involvement of three of the following organ systems: 

Gastrointestinal (nausea, vomiting, diarrhea) 

Muscular (severe myalgia or fivefold or greater increase in serum creatine kinase level) 
Mucous membrane (hyperemia of the vagina, conjunctivae, or pharynx) 

Renal (blood urea nitrogen or serum creatinine level at least twice the upper limit of normal) 


Liver (bilirubin, aspartate aminotransferase or alanine aminotransferase concentration twice the 
upper limit of normal) 


Blood (platelet count <100,000/uL [100 x 10°/L}) 
Central nervous system (disorientation without focal neurologic signs) 


Negative serologies for Rocky Mountain spotted fever, leptospirosis, and measles; negative 
cerebrospinal fluid cultures for organisms other than Staphylococcus aureus 


Adapted with permission from Moreillon P, Aue Y-A, Glauser, MP. Staphylococcus aureus. In: 
Mandell GL, Dolin R, Bennett JE, eds. Principles and Practice of Infectious Disease. 6th ed. 
Philadelphia, PA: Churchill Livingstone; 2005:2331. Copyright 2004, Elsevier. 


Table 11. Diagnostic Criteria for Streptococcal Toxic Shock 
Syndrome 


Definite Case: 

Isolation of GABHS from a sterile site 

Probable Case: 

Isolation of GABHS from a nonsterile site 
Hypotension 

The presence of two of the following findings: 

Renal (acute renal insufficiency or failure) 

Liver (elevated aminotransferase concentrations) 
Skin (erythematous macular rash, soft tissue necrosis) 


Blood (coagulopathy, including thrombocytopenia and disseminated intravascular coagulation) 


Pulmonary (acute respiratory distress syndrome) 


GABHS = group A f-hemolytic streptococci. 
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Community-Acquired Pneumonia 


e Epidemiology and Cause 
e Diagnosis 
e Initial Management 


Key Points 


e Typical community-acquired pneumonia (CAP) is defined as the rapid onset of high 
fever, productive cough, and pleuritic chest pain, whereas atypical CAP may be 
characterized by low-grade fever, nonproductive cough, and no chest pain. 

e Chest radiography is always indicated when community-acquired pneumonia is 
suspected. 

e On radiographic imaging, cavities with air-fluid levels in patients with severe 
community-acquired pneumonia suggest abscess formation, whereas cavities without air- 
fluid levels suggest tuberculosis or fungal infection. 

e Enlargement of mediastinal or hilar lymph nodes suggests fungal or mycobacterial 
infection in patients with community-acquired pneumonia. 

e Pathogen identification by diagnostic studies should be attempted before antimicrobial 
therapy is initiated in hospitalized patients with severe community-acquired pneumonia. 

e Pretreatment blood cultures; Gram stain and culture of an expectorated sputum sample; 
endotracheal aspiration specimens in intubated patients; rapid antigen testing for 
influenza A and B virus, when appropriate; and urine antigen testing for Legionella 
pneumophila and Streptococcus pneumoniae should be performed in hospitalized patients 
with severe community-acquired pneumonia. 

e Patients with community-acquired pneumonia and a CURB-65 criteria (Confusion, 
Uremia, Respiratory rate, low Blood pressure, and age >65 years) score of 0 to 1 can be 
managed as outpatients, those with a score of 2 should be admitted to a hospital ward, 
and those with a score of 3 or higher often require admission to an intensive care unit. 

e Direct admission to the intensive care unit is required for patients with community- 
acquired pneumonia who develop septic shock requiring vasopressors or have acute 
respiratory failure requiring intubation and mechanical ventilation. 

e Streptococcus pneumoniae is the most frequently isolated pathogen in community- 
acquired pneumonia, followed by nontypeable Haemophilus influenzae and Moraxella 
catarrhalis. 

e Recommended empiric antibiotic treatment for previously healthy outpatients with 
community-acquired pneumonia and no history of antimicrobial use within the past 3 
months includes a macrolide or doxycycline. 

e Recommended empiric antibiotic treatment for outpatients with community-acquired 
pneumonia with comorbidities or hospitalized non—intensive care unit patients includes a 
respiratory fluoroquinolone or a B-lactam plus a macrolide. 

e Recommended empiric antibiotic treatment for intensive care unit patients with 
community-acquired pneumonia includes a B-lactam plus either azithromycin or a 
respiratory fluoroquinolone. 

e Risk factors associated with B-lactam-resistant Streptococcus pneumoniae include age 
younger than 2 years or older than 65 years, B-lactam therapy within the preceding 3 


months, alcoholism, medical comorbidities, immunosuppressive illness or therapy, and 
exposure to a child in a day-care center. 

e Risk factors for community-acquired methicillin-resistant Staphylococcus aureus include 
end-stage kidney disease, injection drug use, prior influenza, and prior antimicrobial 
therapy. 

e When community-acquired methicillin-resistant Staphylococcus aureus is the suspected 
cause of community-acquired pneumonia, vancomycin or linezolid should be added to 
the treatment regimen. 

e Patients with community-acquired pneumonia (CAP) should receive treatment for a 
minimum of 5 days, be afebrile for 48 to 72 hours, and have no more than one associated 
CAP sign of clinical instability (pulse rate >100/min; respiration rate >24/min; systolic 
blood pressure <90 mm Hg; or arterial oxygen saturation <90% or arterial PO. <60 mm 
Hg on ambient air) before antibiotic discontinuation. 
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Epidemiology and Cause 


Community-acquired pneumonia (CAP) is defined as a case of infectious pneumonia in patients 
living independently in the community or in those hospitalized for less than 48 hours for other 
reasons because it is likely the inoculation occurred before admission. Five to 10 million cases of 
CAP occur annually in the United States, with almost | million in patients 65 years of age or 
older. 


CAP has been classically differentiated clinically as typical or atypical. Typical CAP is defined 
as the rapid onset of high fever, productive cough, and pleuritic chest pain. The usual 
microorganisms include Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella 
catarrhalis. Patients with atypical CAP may have low-grade fever, nonproductive cough, and no 
chest pain; Mycoplasma pneumoniae, Chlamydophila (formerly Chlamydia) pneumoniae, and 
Legionella pneumophila fall into this category. However, the initial symptoms and signs vary, 
and these presentations cannot be reliably used to establish a specific infectious cause. Potential 
infectious etiologies in patients with CAP, based on risk factors and underlying disorders, are 
shown in Table 12. See MKSAP 15 General Internal Medicine for discussion of preventive 
therapy for CAP. 


Table 12. Possible Microbial Causes of Community- 
Acquired Pneumonia 


Clinical Presentation Commonly Encountered Pathogens 
Aspiration Gram-negative enteric pathogens, oral anaerobes 
Cough >2 weeks with Bordetella pertussis 


whoop or posttussive 
vomiting 


Lung cavity 


Epidemiology or Risk 
Factor 


Alcoholism 


Chronic obstructive 
pulmonary disease and/or 
smoking 


Exposure to bat or bird 
droppings 

Exposure to birds 
Exposure to rabbits 


Exposure to farm animals 
or parturient cats 


Exposure to rodent excreta 
HIV infection (early) 
HIV infection (late) 


Hotel or cruise ship stay in 
previous 2 weeks 


Travel or residence in 
southwestern United States 


Travel or residence in 
Southeast and East Asia 


Influenza activity in 
community 


Injection drug use 
Endobronchial obstruction 


Bronchiectasis or cystic 
fibrosis 


Bioterrorism 


Community-associated methicillin-resistant Staphylococcus aureus, 
oral anaerobes, endemic fungal pathogens, Mycobacterium 
tuberculosis, atypical mycobacteria 


Commonly Encountered Pathogens 


Streptococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae, 
Acinetobacter species, M. tuberculosis 


Haemophilus influenzae, Pseudomonas aeruginosa, Legionella 
species, S. pneumoniae, Moraxella catarrhalis, Chlamydophila 
pneumoniae 


Histoplasma capsulatum 


Chlamydophila psittaci 
Francisella tularensis 
Coxiella burnetii 


Hantavirus 
S. pneumoniae, H. influenzae, M. tuberculosis 
Those with early HIV infection plus Pneumocystis jirovecii, 


Cryptococcus, Histoplasma, Aspergillus, atypical mycobacteria 
(especially Mycobacterium kansasii), P. aeruginosa 

Legionella species 

Coccidioides species, hantavirus 

Burkholderia pseudomallei 


Influenza, S. pneumoniae, Staphylococcus aureus, H. influenzae 


S. aureus, anaerobes, M. tuberculosis, S. pneumoniae 
Anaerobes, S. pneumoniae, H. influenzae, S. aureus 
Burkholderia cepacia, P. aeruginosa, S. aureus 


Bacillus anthracis, Yersinia pestis, Francisella tularensis 


Adapted with permission from Mandell LA, Wunderink RG, Anzueto A, et al. Infectious 
Diseases Society of America/American Thoracic Society consensus guidelines on the 
management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44(Suppl 
2):S27-72. Copyright 2007, University of Chicago Press. 
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Diagnosis 


Chest radiography is always indicated when CAP is suspected, although a radiographic image 
rarely identifies the causative agent. The presence of cavities with air-fluid levels suggests 
abscess formation (caused by staphylococci, anaerobes, or gram-negative bacilli), whereas the 
presence of cavities without air-fluid levels suggests tuberculosis or fungal infection. 


If there is evidence of volume loss, bronchial obstruction must be excluded. Enlargement of 
mediastinal or hilar lymph nodes suggests fungal or mycobacterial infection. The presence of 
pleural fluid may indicate empyema possibly requiring thoracentesis. 


Pathogen identification should be attempted before antimicrobial therapy is initiated, even 
though the overall low yield and infrequent positive impact on clinical care argue against specific 
diagnostic studies. Diagnostic testing is encouraged whenever the result is likely to change 
antimicrobial management; therapy may be broadened, narrowed, or completely changed, 
especially in patients in whom drug-resistant pathogens are isolated. 


The most clear-cut indication for extensive diagnostic testing is in the critically ill patient with 
CAP. Pretreatment blood cultures and Gram stain and culture of an expectorated sputum sample 
(with fewer than 10 squamous cells and more than 25 leukocytes per low power field) should be 
performed in hospitalized patients with CAP. Although a well-performed Gram stain may reveal 
a single predominant microorganism, current data have not clearly correlated Gram stain 
findings with culture results of alveolar material. Patients with severe CAP should also undergo 
urine antigen tests for L. pneumophila and S. pneumoniae. However, the Legionella urine antigen 
test is positive only in cases caused by L. pneumophila serogroup I. 


In intubated patients, an endotracheal aspirated specimen should be obtained. During the 
appropriate season and during epidemics of influenza, rapid antigen tests can be used to diagnose 
and distinguish between influenza A and B viruses. Serologic studies may be useful for 
epidemiologic purposes in the retrospective diagnosis of CAP. However, even with extensive 
laboratory testing, the specific microbiologic cause is established with certainty in only about 
50% of patients. 
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Initial Management 


Assessing disease severity in patients with CAP helps to determine the initial site of care: 
outpatient, inpatient medical unit, or intensive care unit (ICU). Severity of illness scores such as 
the CURB-65 criteria (Confusion, Uremia, Respiratory rate, low Blood pressure, and age >65 
years) may help predict a complicated course. Scoring | point for each positive criterion, patients 


with a score of 0 to 1 can be managed as outpatients, those with a score of 2 should be admitted 
to a hospital ward, and those with a score of 3 or higher often require ICU care. Another 
prognostic model is the Pneumonia Severity Index (PSI) from the Pneumonia Patient Outcomes 
Research Team. The PSI stratifies patients into five mortality risk classes: classes I and II 
encompass outpatients, class III encompasses patients requiring care in an observation unit or 
short-term hospitalization, and classes IV and V encompass inpatients (for more information, go 
to http://content.nejm.org/cgi/reprint/336/4/243.pdf). Although the use of objective admission 
criteria can decrease the number of hospitalized patients with CAP, subjective factors including a 
patient’s ability to safely and reliably take oral medications and the availability of outpatient 
support resources should also be considered. Furthermore, in clinical practice, patients with low- 
risk PSI and CURB-65 scores may still be admitted to the ICU based on clinical judgment rather 
than objective scoring. 


Direct admission to the ICU is required for patients with CAP who develop septic shock 
requiring vasopressors or who have acute respiratory failure requiring intubation and mechanical 
ventilation. Admission to an ICU or high-level monitoring unit is also recommended for patients 
with at least three of the following criteria: respiration rate greater than 30/min, arterial PO2/FiO2 
ratio of 250 or less, multilobar infiltrates, confusion/disorientation, uremia (blood urea nitrogen 
>20 mg/dL [7.14 mmol/L]), leukopenia (leukocyte count <4000/uL [4 x 10°/L] ), 
thrombocytopenia (platelet count <100,000/uL [100 x 10°/L]), hypothermia (core temperature 
<36.0°C [96.8 °F]), and hypotension requiring aggressive fluid resuscitation. 
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Antimicrobial Therapy 


S. pneumoniae is the most frequently isolated pathogen in patients with CAP, followed by 
nontypeable H. influenzae and M. catarrhalis. Various “atypical” organisms (for example, M. 
pneumoniae, C. pneumoniae, Legionella species, and various respiratory viruses) should also be 
considered. These organisms are rarely identified in clinical practice because, with the exception 
of some Legionella species and influenza viruses, rapid diagnostic tests are not available. 
Clinical features and risk factors for other potential microorganisms are shown in Table 12. 
Recommendations for empiric therapy are shown in Table 13. Once the microbial cause has 
been determined and in vitro susceptibility results are available, antimicrobial therapy should be 
modified for optimal treatment (Table 14). 


Table 13. Recommended Empiric Antimicrobial Therapy for 
CAP 


Outpatient Treatment 


Previously healthy and no use of antimicrobials within Macrolide* 
previous 3 months 
or 


Doxycycline” 
Presence of comorbid conditions (chronic heart, lung, Respiratory fluoroquinolone’ 
liver or renal disease; diabetes mellitus; alcoholism; 


malignancies; asplenia; immunosuppressing or 
conditions; or use of antimicrobials within the 
previous 3 months or risk of drug-resistant B-lactam® plus a macrolide*® 


Streptococcus pneumoniae) 
Inpatient Treatment 
Non-ICU patient Respiratory fluoroquinolone® 


or 


lactam’ plus a macrolide** 
ICU patient B—lactam® plus either azithromycin 


or 
a respiratory fluoroquinolone 
or 


if penicillin-allergic, a respiratory 
fluoroquinolone‘ and aztreonam 
Special Concerns 
Pseudomonas aeruginosa An antipneumococcal, antipseudomonal 
B-lactam (piperacillintazobactam, 
cefepime, imipenem, or meropenem) plus 
either ciprofloxacin or levofloxacin 


or 


The above B—lactam plus an 
aminoglycoside and azithromycin 


or 


The above B—lactam plus an 

aminoglycoside and an antipneumococcal 

fluoroquinolone; if penicillin allergic, 

substitute aztreonam for the B-lactam 
Community-associated methicillin-resistant Add vancomycin or linezolid 
Staphylococcus aureus 


CAP = community-acquired pneumonia; ICU = intensive care unit. 


“Azithromycin, clarithromycin, or erythromycin. 


>Weak recommendation. 


“Levofloxacin, moxifloxacin, or gemifloxacin. 


d moxicillin-clavulanate preferred; alternatives include ceftriaxone, cefpodoxime, and 


cefuroxime axetil. 


“Doxycycline is an alternative to the macrolide. 


'Cefotaxime, ceftriaxone, or ampicillin preferred; ertapenem for selected patients. 


°Cefotaxime, ceftriaxone, or ampicillin-sulbactam. 


Table 14. Recommended Antimicrobial Therapy Based on 
Bacteria Identification in CAP 


Bacterium 


Streptococcus 
pneumoniae 


Penicillin MIC <2 
ug/mL 


Penicillin MIC >2 
ug/mL 


Haemophilus influenzae 


Non-[-lactamase 
producing 


B-Lactamase producing 


Mycoplasma 
pneumoniae or 
Chlamydophila 
pneumoniae 


Legionella species 
Enterobacteriaceae 


Pseudomonas 


Preferred Therapies 


Penicillin G, amoxicillin 


Agents chosen based on in vitro 
susceptibility, including 
cefotaxime, ceftriaxone, 
respiratory fluoroquinolone’ 


Amoxicillin 


Second- or third-generation 
cephalosporin, amoxicillin- 
clavulanate 

Macrolide’, a tetracycline 


Fluoroquinolone“, azithromycin 


Third-generation cephalosporin, 
carbapenem* 


Antipseudomonal B-lactam! plus 


Alternative Therapies 


Macrolide’, oral cephalosporin’, 
parenteral cephalosporin‘, 
clindamycin, doxycycline, 
respiratory fluoroquinolone" 
Vancomycin, linezolid, high-dose 
amoxicillin (3 g/d) 


Fluoroquinolone®*, doxycycline, 
azithromycin, clarithromycin’ 


Fluoroquinolone®*, doxycycline, 
azithromycin, clarithromycin’ 


Fluoroquinolone® 


Doxycycline 
B-Lactam/B-lactamase inhibitor 
combination’ 
Aminoglycoside plus ciprofloxacin 


aeruginosa 


Acinetobacter species 


Staphylococcus aureus 
Methicillin-susceptible 
Methicillin-resistant 

Anaerobes (aspiration) 


Chlamydophila psittaci 
Coxiella burnetii 
Bacillus anthracis 


Yersinia pestis 
Francisella tularensis 
Bordetella pertussis 


ciprofloxacin or levofloxacin or an or levofloxacin 


aminoglycoside 
Carbapenem® 


Antistaphylococcal penicillin“ 
Vancomycin, linezolid 
B-Lactam/ß-lactamase inhibitor’, 
clindamycin 

A tetracycyline 

A tetracycline 


Ciprofloxacin, levofloxacin, 
doxycycline (usually with a 
second agent) 


Streptomycin, gentamicin 
Doxycycline 
Macrolide* 


Cephalosporin plus an 
aminoglycoside, ampicillin- 
sulbactam, colistin 


Cefazolin, clindamycin 
Trimethoprim-sulfamethoxazole 
Carbapenem® 


Macrolide* 

Macrolide* 

Other fluoroquinolone, B-lactam (if 
susceptible), rifampin, 
clindamycin, chloramphenicol 
Doxycycline, fluoroquinolone 
Gentamicin, streptomycin 
Trimethoprim-sulfamethoxazole 


CAP = community-acquired pneumonia; MIC = minimal inhibitory concentration. 


“Azithromycin, clarithromycin, or erythromycin. 


’Cefpodoxime, cefprozil, cefuroxime axetil, cefdinir, cefditoren. 


“Cefuroxime, ceftriaxone, cefotaxime. 


‘T evofloxacin, moxifloxacin, or gemifloxacin. 


“Ciprofloxacin is appropriate for Legionella species and most gram-negative bacilli. 


‘Azithromycin is more active in vitro than clarithromycin against Haemophilus influenzae. 


“Imipenem-cilastatin, meropenem, or ertapenem. 
"Drug of choice if extended-spectrum B—lactamase producer. 


'Piperacillin-tazobactam for gram-negative bacilli, ticarcillin-clavulanate, ampicillin-sulbactam, 
amoxicillin-clavulanate. 


JPiperacillin, piperacillin-tazobactam, cefepime, ceftazidime, imipenem, meropenem. 


‘Nafcillin, oxacillin. 


Adapted with permission from Mandell LA, Wunderink RG, Anzueto A, et al. Infectious 
Diseases Society of America/American Thoracic Society consensus guidelines on the 
management of community-acquired pneumonia in adults. Clin Infect Dis 2007;44(Suppl 
2):S27-72. Copyright 2007, University of Chicago Press. 
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Timing of First Antimicrobial Dose 


The timing of the first dose of an antimicrobial agent in a patient with CAP is a core measure 
that has been targeted for reporting by hospitals in the United States to facilitate performance 
monitoring. Initial retrospective studies suggested a lower mortality rate among patients who 
received early antimicrobial therapy. In a review of the available data by the Infectious Diseases 
Society of America and the American Thoracic Society, a specific time frame for administration 
of the first dose of an antimicrobial agent was not recommended, although the authors believed 
that the first dose should be administered as soon as possible after a suspected diagnosis, 
preferably while the patient is still in the emergency department. 
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Antimicrobial Selection 


Choice of empiric antimicrobial therapy in patients with CAP depends on resistance to 
commonly used antimicrobial agents and local susceptibility patterns. Although pneumococcal 
resistance to penicillin and cephalosporins has stabilized in recent years, pneumococcal 
resistance to macrolides continues to increase. The clinically relevant level of penicillin 
resistance in S. pneumoniae is a minimal inhibitory concentration (MIC) of at least 4 ug/mL. 
Risk factors associated with B-lactam—resistant S. pneumoniae include age younger than 2 years 
or older than 65 years, B-lactam therapy within the preceding 3 months, alcoholism, medical 
comorbidities, immunosuppressive illness or immunosuppressive therapy, and exposure to a 
child in a day-care center. Recent treatment with antimicrobials such as the B-lactams, 
macrolides, or fluoroquinolones appears to be the most significant risk for B-lactam resistance. 
However, current resistance of pneumococci to B-lactam agents does not usually result in 
treatment failure in patients with pneumococcal pneumonia, even in the setting of bacteremia, as 
long as dosages of the antimicrobial agent are appropriate. 


The number of pneumonia cases caused by community-acquired methicillin-resistant 
Staphylococcus aureus (CA-MRSA) has increased. Risk factors include end-stage renal disease, 
injection drug use, prior influenza, and prior antimicrobial therapy (especially with the 
fluoroquinolones). These strains more often contain a novel type IV SCC mec gene, and most 
contain a gene for Panton-Valentine leukocidin, a toxin associated with necrotizing pneumonia, 


shock, respiratory failure, and formation of abscesses and empyema. When CA-MRSA is the 
suspected cause of CAP, vancomycin or linezolid should be added to the treatment regimen. 
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Changing from Intravenous to Oral Therapy 


Many antimicrobial agents have excellent oral bioavailability; therefore, in non-ICU patients 
who can eat and drink, it is possible to switch from intravenous to oral therapy. The change to 
oral therapy should be done by using the same agent or drug class as that being used 
intravenously in patients who are hemodynamically stable and improving clinically, able to 
ingest oral medications, and have a normally functioning gastrointestinal tract. As many as two 
thirds of all patients have clinical improvement and meet criteria for a switch to oral therapy 
within the first 3 days. Hospital discharge should be considered for those who are candidates for 
oral therapy, for whom there is no need to treat any comorbidities, and for whom there is a safe 
home environment for continued care. 
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Duration of Antimicrobial Therapy 


Most patients with CAP traditionally receive treatment for 7 to 10 days, although few studies 
have elucidated the optimal duration of antimicrobial therapy. Patients should receive treatment 
for a minimum of 5 days, be afebrile for 48 to 72 hours, and have no more than one associated 
CAP sign of clinical instability (pulse rate >100/min; respiration rate >24/min; systolic blood 
pressure <90 mm Hg; or arterial oxygen saturation <90% or arterial PO2 <60 mm Hg on ambient 
air) before antibiotic therapy discontinuation. In a meta-analysis of 15 randomized, controlled 
trials, adults with mild to moderate CAP received safe and effective treatment with an 
antimicrobial treatment duration of 7 days or less. Reduction in patient exposure to 
antimicrobials may decrease drug resistance rates and cost and improve patient adherence and 
tolerability. 
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Tick-Borne Diseases 


Lyme Disease 
Babesiosis 


Ehrlichiosis and Anaplasmosis 
Rocky Mountain Spotted Fever 


Key Points 


Eighty percent of patients with Lyme disease develop erythema migrans, an erythematous 
patch occurring 5 to 14 days after inoculation; some have systemic symptoms only, some 
have both. 

Serologic testing is often negative in patients with early Lyme disease. 

Lyme carditis most often consists of transient heart block. 

Lyme arthritis typically presents as a mono- or oligoarthritis most commonly involving 
the knees. 

Seroreactivity often persists for at least months after antibiotic treatment of early 
infection and for years after treatment of late infection. 

Risk factors for severe illness in babesiosis are asplenia, age older than 50 years, cell- 
mediated immunity, underlying malignancy, and immunosuppressive therapy. 


e Patients with suspected babesiosis should receive treatment with combinations of quinine 
and clindamycin or atovaquone and azithromycin. 

e In the proper clinical setting, fever, myalgia, arthralgia, leukopenia, and 
thrombocytopenia are suggestive of human monocytic ehrlichiosis and human 
granulocytic anaplasmosis. 

e A nonspecific rash on the trunk can occur in up to 40% of patients with human monocytic 
ehrlichiosis; a rash is much less common in human granulocytic anaplasmosis. 

e Convalescent serologic testing is the most commonly used diagnostic test in patients with 
human granulocytic anaplasmosis or human monocytic ehrlichiosis. 

e Patients who do not respond to treatment for human granulocytic anaplasmosis or human 
monocytic ehrlichiosis may have coinfection with another tick-borne illness. 

e Empiric treatment is appropriate in patients with suspected human granulocytic 
anaplasmosis or human monocytic ehrlichiosis to avoid the adverse outcomes associated 
with delayed treatment. 

e The rash in Rocky Mountain spotted fever is characterized by blanching erythematous 
macules around the wrists and ankles; lesions spread centripetally and become petechial. 

e Rash occurs in only 15% of patients with Rocky Mountain spotted fever on presentation, 
and it never occurs in 10%. 

e Mortality increases from 6% to more than 20% when treatment is initiated more than 5 
days after presentation in patients with Rocky Mountain spotted fever. 
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Lyme Disease 


Several diseases have a human tick vector (Table 15). Lyme disease is caused by three closely 
related Spirochete species classified together as Borrelia burgdorferi senso lato. In the United 
States, most Lyme disease is caused by B. burgdorferi senso stricto, whereas in Europe and Asia, 
it is most often caused by B. afzelii and B. garinii. The vector for Lyme disease is the Ixodes 
scapularis tick (the deer tick); the reservoirs are small mammals such as deer and mice. 


Lyme disease is characterized by three stages: early, disseminated, and late. Each stage is 
associated with different clinical presentations, which may overlap. Most early localized Lyme 
disease occurs in the summer and fall and is characterized by the erythema migrans (EM) rash, 
an expanding erythematous patch appearing 5 to 14 days after inoculation by an infected tick. 
Multiple EM lesions, reflecting spirochetemia, can occur. EM may be solid, show central 
clearing, manifest as target lesions, and, occasionally, vesiculate or develop a necrotic center 


(Figure 3). 


The appearance of the EM rash should not be confused with the hypersensitivity reaction that 
occasionally results from the tick bite itself (Table 16). The differential diagnosis of EM is 
limited (Table 17). Patients with early Lyme disease may also have systemic symptoms 
including fever, myalgia, and arthralgia. In approximately 20% of patients, no EM rash is found 
and only systemic symptoms are present. 


Early Lyme disease is usually diagnosed clinically because serologic test results are often 
negative at presentation and can become positive with clinical improvement. Early disseminated 
Lyme disease occurs weeks to months after a tick bite and may not be preceded by early-stage 
disease. Clinical manifestations are neurologic and cardiac. Neurologic syndromes include 
aseptic meningitis, cranial nerve palsies, and painful radiculopathies. Lyme carditis most often 
manifests as transient heart block, although severe myocarditis has been reported. 


Late Lyme disease occurs months to years after the initial inoculation, may occur without the 
evidence of early localized or early disseminated stages, and can have rheumatologic, 
neurologic, or cutaneous manifestations. Lyme arthritis is characterized by a mono- or 
oligoarthritis most commonly involving the knees. In affected patients, the synovial fluid is 
inflammatory, and positive synovial fluid polymerase chain reaction test results for B. 
burgdorferi are diagnostic. Although arthralgia can occur in early Lyme disease, persistent 
diffuse arthralgia is not characteristic of late Lyme disease. Rarely, encephalitis characterized by 
subtle cognitive deficits may be noted. In Europe, the cutaneous disease acrodermatitis chronica 
atrophicans is an uncommon late manifestation. 


In all patients with compatible symptoms and signs, serologic testing to confirm the diagnosis of 
Lyme disease is necessary except for those with typical EM. 


A two-step approach should be used in the serologic diagnosis of Lyme disease. The initial 
serologic test is an enzyme-linked immunosorbent assay. Positive test results are confirmed with 
a Western blot analysis. Patients with nonspecific symptoms, such as fatigue, myalgia, or 
arthralgia, should not be tested. In such patients with a low pretest probability for disease, a 
positive enzyme-linked immunosorbent assay is most likely a false-positive result. Repeat testing 
to determine whether antibody titers have declined after completion of antibiotic treatment is 
unnecessary because seroreactivity often persists for at least months after antibiotic treatment of 
early infection and for years after treatment of late infection. The diagnosis of neurologic 
involvement requires evidence of B. burgdorferi on cerebrospinal fluid polymerase chain 
reaction testing (insensitive) or intrathecal production of B. Burgdorferi antibodies. 


There is considerable controversy concerning post-Lyme disease syndrome, also referred to as 
“chronic Lyme disease.” However, despite the persistence of subjective symptoms after 
recommended treatment, no evidence of continued infection with B. burgdorferi exists, and 
treatment beyond that recommended is not beneficial and may be harmful. The notion that Lyme 
disease is difficult to treat has evolved because of overdiagnosis, not because patients do not 
respond to recommended treatment. For recommended treatment approaches, see Table 18 and 
Table 19. 


The primary prevention is avoidance and timely removal of ticks. Transmission of B. 
Burgdorferi does not occur until the tick has fed for at least 36 hours. Antimicrobial prophylaxis 
with a single dose of doxycycline, 200 mg, after a tick bite is not recommended in most 
circumstances but can be considered when all four of the following are present: (1) the attached 
tick is Ixodes scapularis and it has been attached for at least 36 hours as determined by the 
degree of engorgement or the time of likely exposure; (2) prophylaxis can be given within 72 


hours of tick removal; (3) the local prevalence of infected ticks is greater than 20%; and (4) 
doxycycline is not contraindicated. 


Figure 3. Typical erythema migrans rash manifested as 
“target lesion” with central clearing. 


Table 15. Tick-borne Diseases 


Hard Ticks 
Rocky Mountain spotted fever 
Lyme disease 


Babesiosis 

Ehrlichiosis 

Anaplasmosis 

Tularemia 

Endemic typhus 

Southern tick-associated rash illness 
Powassan and other tick-borne encephalitides 
Tick typhus 

African tick typhus 

Mediterranean tick typhus 
Queensland tick typhus 

Colorado tick fever 

Soft Ticks 

Relapsing fever 


Table 16. Comparison of Erythema Migrans with Tick Bite 
Reaction 


Characteristics Erythema Migrans Tick Bite 


Incubation period 5 to 14 days Hours 
Local symptoms Rare Pruritus 
Size >5 cm <l cm 
Expands Over days Over hours 
Resolves Over weeks Over days 
Systemic symptoms Common Rare 


Table 17. Differential Diagnosis of Erythema Migrans 


Differential Comments 

Diagnosis 

Streptococcal Streptococcal cellulitis progresses over hours rather than days and is very 
cellulitis tender. Patients are often extremely ill. 

Trauma such as Patient should have suggestive history. 

burn 


Fixed drug eruption Patient should have suggestive history. 


Dermatophyte Has less erythema and evolves much more slowly than erythema migrans. 
infection Raised active border with central clearing. 
Necrotic Should be considered as possible differential but only in endemic areas. 


arachnidism 


Table 18. Treatment of Lyme Disease 


Preferred Oral Regimen Dosage 


Doxycycline 100 mg, twice daily 

Amoxicillin 500 mg, three times daily 
Cefuroxime axetil 500 mg, twice daily 

Alternative Oral Regimen 

Azithromycin 500 mg, daily 

Preferred Parenteral Regimen 

Ceftriaxone 2 g daily 

Alternative Parenteral Regimen 

Cefotaxime 2 g every 8 hours 

Penicillin G 3 to 4 million units every 4 hours 


Data from Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical assessment, prevention, 
and treatment of Lyme disesae, human granulocytic anaplasmosis, and babesiosis: clinical 
practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 
2006;43(9): 1089-1134 [PMID: 17029130] 


Table 19. Indication, Route, and Duration of Therapy for 
Lyme Disease 


Indication Route Duration (d) (range) 
Erythema migrans Oral 14 (14-21) 
Cranial nerve palsy Oral? 14 (14-21) 
Meningitis Parenteral 14 (10-28) 
Cardiac Oral or parenteral 14 (14-21) 
Arthritis Oral 28 
Recurrent arthritis Oral or parenteral 28 


Antibiotic-refractory arthritis” Symptomatic, no antibiotic 
Lyme-associated dementia Parenteral 28 


“90% of the time, oral treatment is successful. Parenteral treatment should be considered in 
patients with abnormal cerebrospinal fluid results if a lumbar puncture is performed (strong 
suspicion of central nervous system involvement due to prolonged headache and/or meningeal 
signs). 


>Persistence of inflammatory arthritis for at least 2 months after completion of intravenous 
ceftriaxone or two courses of an oral regimen. 


Data from Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical assessment, prevention, 
and treatment of Lyme disesae, human granulocytic anaplasmosis, and babesiosis: clinical 
practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 
2006;43(9):1089-1134 [PMID: 17029130] 
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Babesiosis 


Babesiosis is caused by Babesia microti, an intracellular protozoan parasite. Babesiosis is 
transmitted from rodents and cattle to humans by /xodes scapularis ticks and occurs primarily in 
the northeastern United States with an epicenter in Cape Cod, Massachusetts, and the associated 
islands. Most infections are subclinical, but a nonspecific febrile illness can occur. Babesiosis 
should be considered in patients who have traveled to endemic areas and now have a nonfocal 
febrile illness with chills, sweats, myalgia, arthralgia, nausea, vomiting, or fatigue. On physical 
examination, fever, splenomegaly, hepatomegaly, and/or jaundice may be present. 


Infection in patients with babesiosis and asplenia can cause a severe, life-threatening illness. 
Other risk factors for more severe disease include age older than 50 years and decreased cell- 
mediated immunity, underlying malignancy, and immunosuppressive therapy. 


Diagnosis is established by identification of the organisms within erythrocytes on the peripheral 
blood smear. Antibody testing and polymerase chain reaction amplification of Babesia species 
DNA on blood specimens are also available in some areas. 


Treatment is necessary for all symptomatic patients. The combination of quinine and 
clindamycin or atovaquone and azithromycin is effective. Because of its better side-effect 
profile, the latter combination is preferred, particularly for non—life-threatening disease. Partial 
or complete erythrocyte exchange transfusions are indicated in patients with severe, complicated 
disease. 
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Ehrlichiosis and Anaplasmosis 


Ehrlichia chaffeensis and Anaplasma phagocytophilum are rickettsial-like organisms that infect 
leukocytes. E. chaffeensis causes human monocytic ehrlichiosis (HME) and A. phagocytophilum 
causes human granulocytic anaplasmosis (HGA). The reservoirs for HME are primarily deer, 
dogs, and goats, and the vector is the Lone Star tick. The reservoirs for HGA are deer and 
rodents, and the vector is the Ixodes scapularis tick. 


The clinical syndromes of HME and HGA are very similar. After tick exposure and an 
incubation period of 5 to 10 days, the infection typically manifests with fever, headache, and 
myalgia. Although HGA and HME have been distinguished from Rocky Mountain spotted fever 
by the absence of a rash in the former, a nonspecific trunk rash can occur in up to 40% of 
patients with HME but is much less common in those with HGA. Severe disease can occur in 
HGA and HME, with multiorgan failure and a mortality rate of 3% in treated patients. In 
addition, HGA and HME should be considered among the differential diagnoses of patients with 
fever of unknown origin because symptoms can persist for several months in untreated patients. 


Leukopenia and thrombocytopenia are characteristic. Diagnosis can be confirmed by 
demonstration of morulae (clumps of organisms in the cytoplasm of the appropriate leukocyte) 
on peripheral blood smear; however, this test is insensitive. Convalescent serologic testing is the 
most commonly used diagnostic test, and polymerase chain reaction testing is available in some 
areas. 


Intravenous or oral doxycycline is the treatment of choice for HME and HGA. Empiric treatment 
is appropriate in patients with suspected disease to avoid the adverse outcomes associated with 
delayed treatment. Response to treatment can occur within 1 to 3 days, and treatment should be 
continued for several days after the patient has become afebrile. Treating pregnant women with 
doxycycline is not recommended but should be considered in women with life-threatening 
illness. Rifampin may be an alternative treatment option in pregnant women, although data were 
limited at the time of publication. Patients who do not respond to treatment may have coinfection 
with one of the other tick-associated illnesses. As with Lyme disease and babesiosis, active 
infection with HME and HGA does not cause a chronic fatiguing illness, and antimicrobial 
treatment for such patients is not indicated. 
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Rocky Mountain Spotted Fever 


Rocky Mountain spotted fever is caused by Rickettsia rickettsii. The reservoir is humans, and the 
vectors are dog and wood ticks. The disease causes a febrile illness in the spring and summer 
throughout the Western hemisphere and is centered in the United States in the south central and 
southeast regions. 


After a tick bite and an incubation period of 3 to 14 days, fever, headache, and myalgia develop. 
The characteristic rash begins as blanching erythematous macules around the wrists and ankles; 
lesions spread centripetally and become petechial. The rash is found in only 15% of patients on 
presentation but appears in most patients by day 4; however, the rash never develops in 10% of 
patients. The absence of the rash presents a diagnostic challenge because of the nonspecific 
nature of the presentation. Treatment must be initiated as soon as the infection is suspected, 
because the mortality rate increases from 6.5% to more than 20% when treatment is initiated 
more than 5 days after onset. 


The standard diagnostic test is serologic testing using indirect fluorescent antibody or enzyme 
immunoassay, and it can take several weeks for positive seroconversion. The treatment of choice 
is doxycycline. 


Bibliography 


Chapman AS, Bakken JS, Folk SM, et al; Tickborne Rickettsial Diseases Working 
Group; Centers for Disease Control and Prevention. Diagnosis and management of 
tickborne rickettsial diseases: Rocky Mountain spotted fever, ehrlichioses, and 
anaplasmosis—United States: a practical guide for physicians and other health-care and 
public health professionals. MMWR Recomm Rep. 2006;55(RR-4): 1-27. 
[PMID:16572105]. See PubMed 

Dhand A, Nadelman RB, Aguero-Rosenfeld M, Haddad FA, Stokes DP, Horowitz HW. 
Human granulocytic anaplasmosis during pregnancy: case series and literature review. 
Clin Infect Dis. 2007;45(5):589-593. [PMID:17682993]. See PubMed 

Swanson SJ, Neitzel D, Reed KD, Belongia EA. Coinfections acquired from ixodes ticks. 
Clin Microbiol Rev. 2006;19(4):708-727. [PMID: 17041141]. See PubMed 

Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical assessment, prevention, and 
treatment of Lyme disease, human granulocytic anaplasmosis, and babesiosis: clinical 
practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 
2006;43(9):1089-1134. [PMID:17029130]. See PubMed 


PreviousNext 


Urinary Tract Infections 


Introduction 

Cystitis 

Recurrent UTI 
Pyelonephritis 
Asymptomatic Bacteriuria 


Key Points 


Risk factors for urinary tract infection include female sex (particularly in those sexually 
active), diabetes, pregnancy, spermicide use in women, urinary tract instrumentation, and 
neurogenic bladder-—related voiding abnormalities. 

Symptoms and findings of urinary tract infection include dysuria and urinary frequency 
and urgency, pyuria, and 10° or more colony-forming units/mL of bacteria on urine 
culture. 

The constellation of new-onset urinary frequency and urgency and dysuria, without an 
abnormal vaginal discharge, has a positive predictive value for acute cystitis of 90%. 
Presumptive therapy based on clinical symptoms in the setting of pyuria on urinalysis 
(without performing a urine culture) with commonly used antibiotics such as 


trimethoprim-sulfamethoxazole is an acceptable management strategy for acute, 
uncomplicated cystitis in nonpregnant young women. 

e Pregnant women with cystitis are treated for 3 to 7 days with amoxicillin or 
nitrofurantoin. 

e Empiric treatment of complicated urinary tract infections includes 7 to 14 days with a 
fluoroquinolone. 

e Women with a history of acute cystitis can recognize the symptoms of urinary tract 
infection recurrence and provide appropriate self-treatment. 

e Antibiotic prophylaxis with a single dose of an antibiotic after sexual intercourse can be 
considered in women with two or more episodes of postcoital urinary tract infections per 
year. 

e Oral fluoroquinolones constitute first-line empiric oral therapy for patients with 
pyelonephritis who are clinically well enough for outpatient management. 

e Imaging studies in patients with possible pyelonephritis should be used only if an 
alternative diagnosis or a urologic complication is suspected. 

e Treatment of asymptomatic bacteriuria in adult nonpregnant patients (including diabetic 
patients and the elderly) without urinary tract obstruction is not indicated. 

e Screening for and treatment of asymptomatic bacteriuria in pregnant women are effective 
in preventing pyelonephritis. 


PreviousNext 


Introduction 


Urinary tract infections (UTIs) may involve only the lower urinary tract or the upper and lower 
urinary tract. A UTI in an individual with an indwelling urinary catheter, neurogenic bladder, 
stones, obstruction, immunosuppression, pregnancy, renal disease, or diabetes mellitus is defined 
as complicated and may predispose to treatment failure or require modified approaches to 
management owing to infection with antibiotic-resistant organisms. Women, particularly young, 
sexually active women, are at higher risk for UTIs than are men. Other UTI risk factors include 
diabetes, pregnancy, spermicide use (in women), urinary tract instrumentation, and neurogenic 
bladder-—related voiding abnormalities. 


Common symptoms and findings of UTIs include dysuria and urinary frequency and urgency, 
pyuria on urinalysis, and 10° or more colony-forming units (CFU)/mL of bacteria on quantitative 


urine culture. Escherichia coli is the isolated pathogen in more than 90% of patients with 
uncomplicated upper and lower UTIs. 
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Cystitis 


Acute cystitis occurs most commonly among young, sexually active women, and may be self- 
limited and associated with few long-term consequences, but the symptoms may be distressing 
and disruptive. The constellation of new-onset urinary frequency, urgency, and dysuria, without 
an abnormal vaginal discharge, has a positive predictive value for acute cystitis of 90%. 
Presumptive therapy based on clinical symptoms in the setting of pyuria on urinalysis (without 
performing a urine culture) is an acceptable management strategy for acute, uncomplicated 
cystitis in young women. The urinalysis can be omitted in healthy women with acute cystitis if 
there are no complicating factors. When the diagnosis is not clear, the urine dipstick for 
leukocyte esterase and/or nitrite is an acceptable screening tool but may be less sensitive than 
microscopic urinalysis. A urine culture should be obtained for women with suspected cystitis if 
the diagnosis is not clear from the history and physical examination; if an unusual or 
antimicrobial-resistant organism is suspected; if the patient is pregnant; if therapeutic options are 
limited owing to medication intolerance; if the episode represents a suspected relapse or 
treatment failure after recent UTI treatment; and if any underlying complicating conditions are 
identified. 


Commonly used antibiotics in nonpregnant women include trimethoprim, trimethoprim- 
sulfamethoxazole (TMP-SMX), nitrofurantoin, fluoroquinolones, and B-lactams. When possible, 
a 3-day regimen of TMP-SMX is recommended in patients with uncomplicated infection; short 
courses of fluoroquinolones have also proven successful, but the additional expense of these 
agents and resistance concerns with widespread use make them less preferred as initial therapy 
compared with TMP-SMX. In pregnant women with cystitis, a 3- to 7-day treatment regimen 
with an oral antimicrobial agent that is safe in pregnancy, such as amoxicillin or nitrofurantoin, 
is appropriate. Patients with complicated UTIs should be treated for 7 to 14 days with a 
fluoroquinolone. 


Young men should receive short-course antibiotic regimens approved for women with cystitis. 
Diagnostic considerations in men with UTIs include urinary obstruction or other anatomic 
abnormalities. 
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Recurrent UTI 


Up to 44% of young women treated effectively for acute cystitis experience a recurrent infection 
within the next year. Studies have shown women with a history of acute cystitis can recognize 
the symptoms of a recurrence and provide appropriate self-treatment. Other acceptable 
management approaches include phone triage and care by a medical provider. Self-treatment and 
phone triage allow for prompt access to antibiotics for symptomatic relief and result in greater 
convenience and health care savings compared with clinical evaluation. Preventive strategies for 
future recurrences include avoiding spermicides and prophylaxis with single-dose TMP-SMX, 
nitrofurantoin, or ciprofloxacin after sexual intercourse in women with two or more episodes of 
postcoital UTIs per year. 
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Pyelonephritis 


Pyelonephritis typically occurs in the setting of ascending bacterial infection from the bladder. 
Diabetes and pregnancy are risk factors. Pyelonephritis, including abscess, can occur 
hematogenously in patients with staphylococcal bacteremia or endocarditis. Symptoms include 
those typical of cystitis as well as flank pain or abdominal pain and fever. Diagnosis is based on 
a characteristic clinical presentation, bacteriuria and pyuria on urinalysis, and urine culture 
demonstrating 10* or more CFU/mL of bacteria. Blood cultures are positive in 25% of patients. 


Fluoroquinolones constitute first-line empiric oral therapy for patients with pyelonephritis who 
are clinically well enough for outpatient management. TMP-SMX, cephalo-sporins or other p- 
lactams, or aminoglycosides may also be appropriate depending on urine culture results and 
antimicrobial susceptibility testing. Parenteral therapy should be used initially in patients who 
are acutely ill, nauseated, or vomiting. The recommended duration of antibiotic therapy for 
uncomplicated pyelonephritis is at least 10 to 14 days. Imaging studies are indicated only in 
patients in whom an alternative diagnosis or a urologic complication is suspected. 
Ultrasonography of the kidneys and bladder is the appropriate initial imaging study. CT and MRI 
should be considered in patients with suggestive findings of an anatomic abnormality on 
ultrasound and in those with persistent or relapsing pyelonephritis despite a negative ultrasound. 
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Asymptomatic Bacteriuria 


The prevalence of asymptomatic bacteriuria is higher among women than men and occurs more 
commonly in pregnancy, diabetic patients, and the elderly. Asymptomatic bacteriuria becomes 
more common among men at age 65 years or older. Treatment of asymptomatic bacteriuria in 
adult nonpregnant patients (including diabetic patients and the elderly) is generally not indicated 
but may be considered after recent indwelling urinary catheter removal, before an invasive 
urologic procedure, in neutropenic patients, or in patients with a urinary tract obstruction. 
Screening for and treatment of bacteriuria in pregnancy have been shown to be effective in 
preventing pyelonephritis. 
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Mycobacterium tuberculosis Infection 


Introduction 


Epidemiology 
Pathophysiology 
Clinical Manifestations 


Diagnostic Testing 
Treatment 


Key Points 


Prevalence of tuberculosis in foreign-born U.S. residents is 9.7 times higher than that in 
U.S.-born persons. 

Malnutrition, immunosuppressed states, and stress are risk factors for primary 
progression or reactivation of quiescent tuberculosis. 

Initially asymptomatic, patients with active pulmonary tuberculosis develop symptoms 
including anorexia, fatigue, weight loss, chills, fever, night sweats, and cough. 

In tuberculin skin testing, the induration—not the erythema—resulting within 48 to 72 
hours is measured, with cutoff values determined according to risk factor status. 

A booster effect whereby a negative tuberculin skin test result is followed by a positive 
reaction a few weeks later may occur, most commonly in older patients with a remote 
history of latent tuberculosis, patients with nontuberculous mycobacterial infection, and 
those with bacille Calmette-Guérin vaccine history. 

The long growth time of Mycobacterium tuberculosis decreases the effectiveness of 
culture as a diagnostic method in rapid treatment decisions; however, cultures are 
essential for drug susceptibility testing. 

Chest radiographic abnormalities of reactivation tuberculosis classically include lesions 
in the apical-posterior segments of the upper lung and superior segments of the lower 
lobe. 

Because of increasing resistance concerns, all patients with suspected/confirmed 
tuberculosis are treated with four-drug therapy with isoniazid, rifampin, pyrazinamide, 
and ethambutol, followed by de-escalation of antimicrobial therapy once drug 
susceptibility is known. 

Higher mortality is associated with multidrug-resistant and extensively drug-resistant 
tuberculosis. 
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Introduction 


Tuberculosis is second only to HIV infection in causing deaths from an infectious agent. 
Tuberculosis is more aggressive, contagious, and lethal in people with HIV-1-—related immune 
dysfunction, and HIV-1 progresses more rapidly in people with active tuberculosis. 
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Epidemiology 


In 2007, 13,293 tuberculosis cases were reported in the United States. Prevalence in foreign-born 
U.S. residents is 9.7 times higher than that in U.S.-born persons. Approximately 1% of U.S. 
cases are multidrug resistant (MDR), and of these, only two cases in 2007 and four in 2006 were 
extensively drug resistant (XDR). 
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Pathophysiology 


Tuberculosis is caused by infection with Mycobacterium tuberculosis, an acid-fast—staining 
bacillus, which is inhaled into the respiratory system by airborne droplets. In the airways, 
alveolar macrophages ingest the bacteria but are unable to arrest multiplication of the organism, 
which ultimately destroys macrophages. Infected macrophages are also carried to lymph nodes, 
and in some patients, such as those with immunosuppression, they are carried to the bones, 
gastrointestinal tract, and other locations. These processes occur before immunity develops, 
heralded by reactivity to the tuberculin skin test (TST). Once immunity develops, a quiescent 
state usually occurs in which infection is recognized only by reactivity to tuberculin skin testing. 
In some patients, a pulmonary Ghon complex (localized parenchymal infection and lymph node 
involvement) may reach significant size and calcification status to be visible on radiographs. 
Malnutrition, immunosuppressed states, and stress are risk factors for primary progression or 
reactivation of quiescent tuberculosis. 
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Clinical Manifestations 


Patients with pulmonary tuberculosis are often asymptomatic. However, constitutional 
symptoms, including anorexia, fatigue, weight loss, chills, fever, night sweats, and local 
symptoms such as cough, may develop. Hemoptysis and chest pain from pleural involvement 


indicate advanced disease. The pulmonary examination is often minimally abnormal. HIV- 
infected or other immunocompromised patients often have no classic signs or symptoms of 
tuberculosis and have a greater likelihood of dissemination or extrapulmonary infection. 
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Diagnostic Testing 


e Tuberculin Skin Testing 
e Interferon-y Release Assays 


e Culture and Other Diagnostic Methods 
e Radiographic Imaging 
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Tuberculin Skin Testing 


The most common tuberculosis testing procedure is the TST. The procedure involves injecting 
purified protein derivative (PPD) intradermally and assessing the skin response to the antigen 
load. The induration—not the erythema—resulting within 48 to 72 hours is then measured. 
Various cutoff values are used, based on the patient’s risk status, to increase the specificity of the 
test results (Table 20). 


A booster effect whereby a negative TST result is followed by a positive reaction a few weeks 
later may occur and is caused by reactivation of immunity that may be remote. This phenomenon 
occurs more commonly in older patients with a remote history of latent tuberculosis, in those 
with nontuberculous mycobacterial infection, and in those who have received bacillus Calmette- 
Guérin (BCG) vaccination; therefore, these populations are at lower risk for tuberculosis 
reactivation than persons with initially positive TST results, especially when the positive TST 
result represents a recent conversion. However, caution should be exercised when 
immunosuppressive therapy is planned. False-positive and false-negative TST results may occur, 
and approximately 20% of patients with active tuberculosis may not exhibit TST positivity. A 
history of BCG vaccination should not influence interpretation of the TST. 


Table 20. Interpretation of Tuberculin Skin Test Results 


Criteria for Tuberculin Positivity by Risk Group 


>5 mm Induration >10 mm Induration >15 mm 
Induration 
HIV-positive persons Recent (<5 years) arrivals from high- All others 
prevalence countries with no risk 


factors for TB 


Recent contacts of active TB case Injection drug users 


Persons with fibrotic changes on Residents or employees of high-risk 

chest radiograph consistent with congregate settings: prisons and jails, nursing 

old TB homes and other long-term facilities for the 
elderly, hospitals and other health care 
facilities, residential facilities for patients 
with AIDS, homeless shelters 


Patients with organ transplants and Mycobacteriology lab personnel; persons with 


other immunosuppressive clinical conditions that put them at high risk 
conditions (receiving the for active disease; children age <4 years or 
equivalent of >15 mg/d of exposed to adults in high-risk categories 


prednisone for >4 weeks) 


TB = tuberculosis infection. 
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Interferon-y Release Assays 


The measurement of interferon-y release by T lymphocytes specific for M. tuberculosis is a new 
test gaining popularity. Despite the Centers for Disease Control and Prevention’s endorsing its 
use in all situations in which the TST is done, the test’s lack of availability and requirement of 
testing the patient’s blood within 12 hours of sample collection so that leukocytes are still viable 
have limited its use. Additionally, there are limited data on its use in children, persons recently 
exposed to tuberculosis, and immunocompromised hosts. 
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Culture and Other Diagnostic Methods 


M. tuberculosis can be cultivated in the laboratory and identified on culture media. The long 
growth time of this organism decreases the effectiveness of this method in rapid treatment 
decisions, although more rapid culture tests that use polymerase chain reaction probes (median 
time to positivity, 10 days versus 28 days for conventional cultures) are more practical. Both 
methods involve viable organisms; therefore, drug susceptibility testing can be done. 


Positive acid-fast stains of respiratory specimens are helpful in the diagnosis of tuberculosis 
infection but often are negative. In patients with suspected pleural tuberculosis, pleural biopsies 
should be considered because pleural fluid testing is associated with low sensitivity. 
Bronchoscopy may aid diagnosis in certain circumstances. Pathologic examination of specimens 
for granulomas, caseous necrosis, and bacilli is helpful but not pathognomonic for tuberculosis. 


Polymerase chain reaction—based assays are also increasingly being used, particularly in patients 
with suspected central nervous system infections, but are limited by their low sensitivity. 
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Radiographic Imaging 


Chest radiographic abnormalities of reactivation tuberculosis classically include lesions in the 
apical-posterior segments of the upper lung and superior segments of the lower lobe. Cavitation 
may be present. Primary progressive tuberculosis may manifest as hilar lymphadenopathy or 
infiltrates in any part of the lung, similar to those found in bacterial pneumonia. Atypical or 
absent radiologic findings commonly occur in immunocompromised patients but may also occur 
in immunocompetent patients. Miliary tuberculosis may have the characteristic “millet seed” 
appearance. CT scans may identify abnormalities not yet visible on chest radiographs. 
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Treatment 


Because of increasing concerns of resistance, all patients with suspected/confirmed tuberculosis 
are treated with four-drug therapy with the first-line agents isoniazid, rifampin, pyrazinamide, 
and ethambutol for 2 months, followed by de-escalation of antimicrobial therapy once drug 
susceptibility of isoniazid and rifampin is established. These agents are then continued for 7 
months, totaling a 9-month treatment course. Latent tuberculosis (positive TST result but no 
evidence of active disease) can be treated with a 9-month course of isoniazid. The toxicity profile 
of each drug must be addressed with patients before treatment is commenced (Table 21). In 
some instances, directly observed therapy may be warranted to increase drug adherence and 
prevent resistance. 


Table 21. Antituberculosis Drugs 


Agent Side Effects Notes 
First-Line Medications 

Isoniazid Rash; hepatic enzyme Hepatitis risk increases with age and alcohol 
elevation; hepatitis; consumption. Pyridoxine may prevent 
peripheral neuropathy; peripheral neuropathy. Adjust for renal failure. 
lupus-like syndrome 

Pyrazinamide Hepatitis; rash; GI upset; May make glucose control more difficult in 
hyperuricemia diabetic patients. Adjust for renal failure. 

Rifampin Hepatitis; rash; GI upset | Contraindicated or should be used with 


caution when administered with protease 
inhibitors and non-nucleoside reverse 


Rifabutin 


Rifapentine 


Ethambutol 


Streptomycin 


Cycloserine 


Ethionamide 


Kanamycin and 
amikacin 


Ciprofloxacin, 
ofloxacin, 
levofloxacin, 
moxifloxacin, 
gatifloxacin 


Para-aminosalicyclic GI upset; hypersensitivity; 


acid 


Rash; hepatitis; 


thrombocytopenia; severe 
arthralgia; uveitis; 


leukopenia 


Similar to rifampin 


Optic neuritis; rash 


Auditory, vestibular, and 


renal toxicity 


transcriptase inhibitors. Do not administer to 
patients also taking saquinavir/ritonavir. 
Colors body fluids orange. 


Dose adjustment required if taken with 
protease inhibitors or non-nucleoside reverse 
transcriptase inhibitors. Monitor for decreased 
antiretroviral activity and for rifabutin 
toxicity. 

Contraindicated in HIV-positive patients 
(unacceptable rate of failure/relapse). 


Baseline and periodic tests of visual acuity 
and color vision. Patients are advised to call 
immediately if any change in visual acuity or 
color vision. Adjust for renal failure. 

Avoid or reduce dose in adults >59 years. 
Monitor hearing and renal function tests. 
Adjust for renal failure. 


Second-Line Medications" 


Psychosis; convulsions; 
depression; headaches; 
rash; drug interactions 


GI upset; hepatotoxicity; 


hypersensitivity 


Auditory, vestibular, 


andrenal toxicity 


GI upset; dizziness; 
hypersensitivity; drug 


interactions 


hepatotoxicity 


Pyridoxine may decrease CNS side effects. 
Measure drug serum levels. 


May cause hypothyroidism. 


Not approved by the FDA for TB treatment. 
Monitor vestibular, hearing, and renal 
function. 

Not approved by the FDA for TB treatment. 
Should not be used in children. 


May cause hypothyroidism, especially if used 
with ethionamide. Measure hepatic enzymes. 


CNS = central nervous system; FDA = U.S. Food and Drug Administration; GI = 
gastrointestinal; TB = tuberculosis. 


“Use these drugs in consultation with a clinician experienced in the management of drug-resistant 


TB. 


Data from Centers for Disease Control and Prevention. Core curriculum on tuberculosis. 
www.cdc.gov/tb/webcourses/CoreCurr/index.htm. Published October, 2004. Accessed on July 


23, 2009. 
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Multidrug-Resistant and Extensively Drug-Resistant 
Tuberculosis 


Multidrug-resistant (MDR) tuberculosis is defined as an isolate that exhibits decreased 
susceptibility to at least isoniazid and rifampin. Extensively drug-resistant (XDR) tuberculosis is 
a subtype of multidrug-resistant tuberculosis that is resistant to isoniazid and rifampin as well as 
any fluoroquinolone and at least one of three injectable second-line drugs. Higher mortality is 
associated with these strains, especially XDR tuberculosis. 
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Vaccination 


The bacille Calmette-Guérin vaccine is derived from an attenuated strain of M. bovis and is used 
worldwide except in the United States. The efficacy of this vaccine for preventing serious forms 
of tuberculosis (tuberculous meningitis and miliary tuberculosis) has been evaluated in recent 
meta-analyses and has been shown to be high in children (>80%). However, this protective effect 
for pulmonary tuberculosis in adults was not found. 
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Nontuberculous Mycobacterial Infections 


e Introduction 
e Mycobacterium avium complex 


e Mycobacterium kansasii 
e Rapidly Growing Mycobacteria 


Key Points 


e Determining whether nontuberculous mycobacteria isolated in a clinical specimen is a 
pathogen, environmental contaminant, or colonizer is the initial management step; only 
pathogenic infection requires treatment. 

e Mycobacterium avium complex—associated disease includes hypersensitivity pneumonitis 
(“hot tub lung”); tuberculosis-like infection in elderly smoking men; chronic right middle 
lobe/lingula infection and cough in nonsmoking elderly women; lymphadenitis; and 
disseminated disease in HIV-infected patients. 

e The major drugs for treating Mycobacterium avium complex infections are 
clarithromycin or azithromycin plus ethambutol and rifampin or rifabutin. 

e Mycobacterium kansasii infection almost always occurs in the lung, is clinically 
indistinguishable from Mycobacterium tuberculosis infection, and is treated with 
isoniazid, ethambutol, and rifampin. 

e Rapidly growing mycobacteria are not susceptible to standard antituberculosis 
medications. 

e Therapy for rapidly growing mycobacteria should last a minimum of 4 months and 
possibly as long as several years in patients with severe infections. 
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Introduction 


Nontuberculous mycobacteria (NTM) are organisms ubiquitous in the environment. In humans, 
NTM isolates may or may not be pathogenic, whereas Mycobacterium tuberculosis isolates are 
always considered pathogenic. Determining whether NTM in a clinical specimen is a pathogen, 
environmental contaminant, or colonizer is the initial management step; only pathogenic 
infection requires treatment. Features suggestive of pathogenic infection include the species’ 
likelihood for pathogenicity, the presence of many colonies on repeated culture, no other 
explanation for the symptoms, the nature of the clinical illness itself, and the presence of acid- 
fast bacilli in histologic specimens. NTM infections are noncontagious; persons infected with 
NTM do not require isolation. 


NTM infections typically involve one of four syndromes: (1) slowly progressive pulmonary 
disease similar to M. tuberculosis infection and primarily caused by M. kansasii and M. avium 
complex (MAC) (also referred to as M. avium-intracellulare); (2) MAC- or M. scrofulaceum— 
related lymphadenitis; (3) disseminated disease in immunocompromised hosts caused by MAC 


or the rapidly growing mycobacteria (RGM) M. abscessus, M. fortuitum, and M. chelonae; and 
(4) cutaneous disease due to direct inoculation primarily with RGM, M. marinum, or M. 
ulcerans. 
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Mycobacterium avium complex 


MAC infections are associated with several different clinical presentations. Elderly men with 
MAC infections typically have underlying pulmonary disease from cigarette smoking, with 
symptoms and radiographic findings similar to those found in M. tuberculosis infection (see 
Mycobacterium tuberculosis Infection). Elderly nonsmoking women more commonly have 
interstitial infiltrates involving the right middle lobe or the lingula characterized by chronic 
cough. 


MAC-associated hypersensitivity pneumonitis occurs in immunocompetent patients and is 
related to hot tub exposure (“hot tub lung”) (see MKSAP 15 Pulmonary and Critical Care 
Medicine). This condition responds to corticosteroids. MAC can also cause mycobacterial 
lymphadenitis and typically presents as disseminated disease in HIV-infected patients with very 
low CD4 cell counts. 


MAC organisms are slow growing but grow well on standard mycobacterial media. Once 
colonies appear, they can be readily identified with nucleic acid probes. Pulmonary disease and 
lymphadenitis are diagnosed by sputum and fine-needle aspiration, respectively. Patients with 
disseminated disease often have positive blood cultures if specimens are obtained in isolator 
tubes. 


Determining whether antimicrobial agents are warranted is the first step in MAC treatment. 
Table 22 outlines guidelines for initiating treatment. The major drugs for treating MAC 
infections are clarithromycin or azithromycin plus ethambutol and rifampin or rifabutin. 
Streptomycin, amikacin, and fluoroquinolone antibiotics are second-line options. Treatment 
should continue for at least 1 year after the last positive culture is observed. Surgery can be 
useful if the disease is well localized. Disease is controlled with treatment in approximately 90% 
of patients. 


Table 22. Guidelines for Initiating Mycobacterium avium 
Complex Treatment 


Pulmonary Disease 
1. Must have compatible illness and chest radiographic findings 
2. Repeated isolation of the organism from respiratory specimens must be documented 
3. Exclusion of other diagnostic explanations for the patient’s findings must be established 
Extrapulmonary Disease 


1. Isolation of the organism from an ordinarily sterile site must be documented 


Reprinted with permission from Griffith DE, Aksamit T, Brown-Elliott BA, et al; ATS 
Mycobacterial Diseases Subcommittee; American Thoracic Society; and Infectious Disease 
Society of America. An official ATS/IDSA statement: diagnosis, treatment, and prevention of 
nontuberculous mycobacterial diseases [erratum in Am J Respir Crit Care Med. 
2007;175(7):744-745]. Am J Respir Crit Care Med. 2007;175(4):367-416. [PMID: 17277290] 
Copyright American Thoracic Society, 2007. 
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Mycobacterium kansasii 


M. kansasii infection almost always occurs in the lung and is clinically indistinguishable from 
Mycobacterium tuberculosis infection (see Mycobacterium tuberculosis Infection). Treatment 
consists of isoniazid, ethambutol, and rifampin. Although there is much less experience with the 
use of clarithromycin, this drug is active in vitro and appears to be clinically effective. 
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Rapidly Growing Mycobacteria 


RGM (M. abscessus, M. fortuitum, and M. chelonae) are environmental organisms distinct from 
other mycobacteria by their rapid growth in culture. Cultures for RGM are generally positive 
within | week rather than the 2 to 6 weeks expected for other mycobacteria. They grow on 
routine culture media if kept for at least 1 week, in addition to media selective for mycobacteria. 


RGM.-associated pulmonary disease is typically chronic and most often caused by M. abscessus. 
Surgical RGM infections are associated with implantable prosthetic devices such as 
augmentation mammoplasty, prosthetic joints, or prosthetic heart valves. RGM should be 
considered in any purulent infection in which routine bacterial cultures are negative. 
Disseminated disease occurs rarely, developing only in patients with advanced stages of 
immunosuppression. 


Drug susceptibility varies depending on RGM species. Most RGM are susceptible to 
clarithromycin and amikacin. Other potentially useful drugs include trimethoprim- 
sulfamethoxazole, the fluoroquinolones, the tetracyclines, imipenem, and cefoxitin. RGM are not 
susceptible to the standard antituberculosis drugs. Therapy should last a minimum of 4 months 
and possibly as long as several years in patients with severe infections. 
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Fungal Infections 


Aspergillosis 

Cryptococcosis 

Histoplasmosis 

Blastomycosis 

Coccidioidomycosis 

Fusarium Infection 

Pseudallescheria boydii and Scedosporium apiospermum Infections 


Antifungal Drug Resistance 


Key Points 


Allergic bronchopulmonary aspergillosis is manifested by as persistent severe asthma, 
expectoration of brown sputum that contains Aspergillus organisms, pulmonary 
infiltrates, and fibrosis. 

Cryptococcal meningitis, a once uniformly fatal disease associated with HIV infection, 
and less frequently with transplantation, is now curable with the availability of 
amphotericin B and the triazoles. 

Mild forms of histoplasmosis may not require antifungal treatment, whereas more severe 
disease may be treated with amphotericin B or one of the newer triazoles. 

Patients with acute and severe blastomycosis require treatment with an amphotericin B 
lipid formulation, and those with mild or moderate disease require itraconazole therapy 
for at least 6 months or until all signs and symptoms of active disease have abated. 
Persons of Filipino or African descent have an increased susceptibility to disseminated 
coccidioidomycosis. 

Diagnosis of coccidioidomycosis is based on clinical manifestations, classic radiographic 
findings, demonstration of the organism on culture or by special stains, histopathologic 
evaluation, and serologic demonstration of increased antibody titers. 


e Drugs used to treat coccidioidomycosis include amphotericin B, ketoconazole, 
fluconazole, and itraconazole. 

e Fusarium skin infections occurring in immunosuppressed patients are almost always a 
cutaneous manifestation of a hematogenously disseminated fungal infection in patients 
with severe and prolonged neutropenia or severe lymphocyte dysfunction. 

e Voriconazole and posaconazole are the empiric therapies of choice in patients in whom 
Pseudallescheria/Scedosporium infections are suspected. 

e Currently, azole resistance appears to be more common than polyene and echinocandin 
resistance in patients with fungal infections. 
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Aspergillosis 


Aspergillus is a ubiquitous mold found in soil and other moist environments throughout the 
world. Classically, the diseases caused by Aspergillus species are allergic bronchopulmonary 
aspergillosis, invasive aspergillosis, and aspergilloma (fungus ball). 


Allergic bronchopulmonary aspergillosis is manifested by as persistent severe asthma, 
expectoration of brown sputum that contains Aspergillus organisms, pulmonary infiltrates, and 
fibrosis. More recently, the designation of aspergilloma has been divided into chronic cavitary 
aspergillosis and single aspergilloma. Risk factors for invasive aspergillosis include prolonged 
and severe neutropenia, corticosteroid therapy, hematopoietic stem cell transplantation, solid 
organ transplantation, advanced AIDS, and chronic granulomatous disease. Mortality rates in 
patients with invasive aspergillosis are high, and aggressive treatment is always indicated. 


Although the lung is the usual site of involvement in aspergillosis, other organs may occasionally 
be involved. The “halo sign” (nodules bordered by a ground-glass attenuation) on CT scan of the 
lung is the classic radiographic finding in pulmonary aspergillosis (Figure 4), but it is not 
specific because this finding is also associated with infections involving other filamentous fungi 
and some bacterial lung infections. Aspergillus usually can be recovered in culture from infected 
sites by bronchoalveolar lavage, transbronchial biopsy, needle aspiration, and video-assisted 
thoracoscopic biopsy. A definitive diagnosis requires histologic demonstration of the organisms 
in tissue. Often, it is not possible to obtain tissue for histologic examination in ill patients with a 
suspected diagnosis of invasive aspergillosis. Serologic tests used in the diagnosis of invasive 
disease include antigenic assays for detection of fungal components in blood, cerebrospinal fluid, 
and urine; galactomannan assays of blood or spinal fluid; and assays for (1-3)-B-D glucans. A 
polymerase chain reaction assay for detecting fungal DNA has been used experimentally and is 
associated with higher sensitivity and earlier results than culture for detection of Aspergillus 
species and zygomycetes in patients with histologically proven disease. 


Empiric therapy should be initiated in patients in whom aspergillosis is suspected. Voriconazole 
has emerged as the initial treatment of choice for invasive aspergillosis, whereas liposomal and 
lipid complex amphotericin B remain good alternatives for patients with voriconazole 
intolerance. The primary treatment for allergic bronchopulmonary aspergillosis is 


corticosteroids; the addition of itraconazole has been shown to have a corticosteroid-sparing 
effect. Voriconazole and posaconazole are alternatives to itraconazole. 


Figure 4. CT scan of a patient with invasive pulmonary 
aspergillosis. 


Note the nodule with a typical “halo sign” in the posterior right lung adjacent to the pleura. 
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Cryptococcosis 


Cryptococcus has become a common opportunistic pathogen, associated mainly with HIV 
infection, and, less frequently, transplantation. The lungs are the presumed portal of entry, and 
pulmonary disease is one of the most common manifestations. Central nervous system (CNS) 


disease may also occur. Before the availability of amphotericin B, cryptococcal meningitis was 
uniformly fatal. Now, especially with the availability of the triazoles, most patients can be cured. 


The diagnosis is established by growth of the organism in culture, demonstration of cryptococcal 
antigen in cerebrospinal fluid or blood, nucleic acid amplification techniques, or typical 
pathologic findings in tissues with special stains. 


Mild pulmonary disease can be treated with fluconazole, itraconazole, or an amphotericin B lipid 
formulation. CNS disease is treated initially with a lipid formulation of amphotericin B for at 
least the first 2 weeks of therapy. Thereafter, the amphotericin B lipid formulation can be 
continued, or, more commonly, therapy can be switched to high-dose oral fluconazole for 6 to 10 
weeks. Subsequently, maintenance therapy with a lower dose of fluconazole may be prescribed. 
Patients with late-stage HIV infection may require lifelong secondary prophylaxis with oral 
fluconazole. 
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Histoplasmosis 


Histoplasma capsulatum is a dimorphic fungus that lives primarily in soil, often in association 
with bird or bat droppings, and is most commonly found in areas surrounding the great river 
valleys of the United States. Inhaled spores cause subclinical infection in most persons living in 
these areas. H. capsulatum may rarely be found in many other parts of the country, and it is also 
found in Central and South America and in parts of Europe. Point-source epidemics have been 
described in individuals who have been exposed to bird excrement, such as in chicken coops or 
wild bird nesting areas. Immunosuppressed patients and those with chronic pulmonary disease 
are most susceptible to developing clinical disease. In these populations, invasive and cavitary 
pulmonary disease; disseminated disease; or extrapulmonary localized disease in the adrenal 
glands, liver, pericardium, or CNS are common manifestations. 


H. capsulatum urine antigen assays are sensitive and specific for detecting active disease, but 
confirmation requires recovery of organisms from infected foci, blood, or bone marrow, or 
detection in histopathologic specimens. Treatment should not be delayed until the diagnosis is 
confirmed. 


Mild pulmonary disease in patients with H. capsulatum is most often self-limited and usually 
does not require treatment. Patients with moderate pulmonary disease with symptoms persisting 
for more than 4 weeks may be treated with itraconazole for 6 to 12 weeks. Patients with H. 
capsulatum with severe, acute, or chronic pulmonary disease require treatment with one of the 
amphotericin B lipid formulations for at least 2 weeks, followed by itraconazole for 12 weeks. 
Methylprednisolone may be added for patients with hypoxemia or evidence of bronchial 
obstruction for the first 1 to 2 weeks of therapy. Patients with disseminated disease require 
treatment with an amphotericin B lipid formulation for at least 1 to 2 weeks, followed by 
itraconazole for 12 months. Histoplasmosis-induced mediastinal fibrosis does not necessitate 
antifungal treatment unless there is evidence of active granulomatous disease, in which case 


itraconazole for 6 to 12 weeks is recommended. Treatment for H. capsulatum CNS infection 
consists of an amphotericin B lipid formulation for 4 to 6 weeks, followed by itraconazole for 12 
months. 
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Blastomycosis 


Blastomyces dermatitidis is a dimorphic fungus found primarily in the southeastern United 
States; around the Great Lakes; in the states bordering on the Ohio, Missouri, and Mississippi 
rivers; and parts of New York. The portal of entry is usually the lungs, but direct inoculation 
through the skin also occurs (Figure 5). 


Although the lungs are the most common site of infection, extrapulmonary disease is also 
common. The diagnosis is established by demonstration of typical findings on pathologic 
examination of tissue and demonstration of the organism in culture. Unlike histoplasmosis, most 
patients with blastomycosis require treatment. Patients with acute and severe disease require 
treatment with an amphotericin B lipid formulation, and those with mild or moderate disease 
require itraconazole therapy for at least 6 months or until all signs and symptoms of active 
disease have abated. 


ld 


Figure 5. Cutaneous blastomycosis on the left cheek of a 
patient with severe actinic skin changes. 


This condition could have occurred secondary to direct inoculation into the skin or by 
hematogenous spread from a primary pulmonary focus. 
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Coccidioidomycosis 


Coccidioides immitis is a dimorphic fungus that lives in soil in parts of Arizona, California, New 
Mexico, west Texas, and parts of northern Mexico (the Sonoran Desert). The disease is 
transmitted through inhalation of the arthroconidia, which are formed from the mycelia in soil. 
More than 50% of all infections are subclinical, but tens of thousands of clinical cases occur in 
endemic areas annually. The most common form of illness is acute or subacute pneumonia, with 
or without pleural effusions or empyema. As many as 10% of these acute or subacute infections 
lead to late sequelae consisting of pulmonary nodules or cavitary disease typified by cavities that 
are thin-walled and solitary or few in number. Less than 1% of the cases involve an 
extrapulmonary site such as the skin or the CNS. Most early infections resolve spontaneously, 
but patients with known infection require follow-up monitoring for several years to evaluate for a 
potential late recurrence. Persons of Filipino or African descent have an increased susceptibility 
to disseminated infection. 


Diagnosis of coccidioidomycosis is based on clinical manifestations, classic radiographic 
findings, demonstration of the organism on culture or by special stains, histopathologic 
evaluation, and serologic demonstration of increased antibody titers. Clinical findings in acute 
disease may consist of brief, mild fever and malaise, progressing to flu-like symptoms, including 
fever, myalgia, and productive cough. Patients with more severe disease with empyema may 
have severe rigors, diaphoresis, high fever, pleuritic chest pain, dyspnea, cough, and headache. 
Chronic pulmonary disease may be present, with a productive cough and weight loss, with or 
without fever. Radiographic findings of acute disease may show small infiltrates; larger, more 
severe infiltrates; pleural effusions or empyema; and cavitary lesions. Radiographic findings in 
chronic coccidioidomycosis may show findings consistent with COPD, fibrosis, infiltrates and 
thin-walled cavities. 


Drugs used to treat coccidioidomycosis include amphotericin B, ketoconazole, fluconazole, and 
itraconazole. Uncomplicated pulmonary infection in the immunocompetent host can be managed 
by periodic reevaluation. Immunosuppressed patients or those with disease progression require 
treatment with an amphotericin B lipid formulation or an azole for 3 to 6 months. Diffuse 
pneumonia in patients with coccidioidomycosis is usually treated initially with a 2- to 4-week 
course of an amphotericin B lipid formulation, followed by fluconazole or itraconazole for 1 
year. Pulmonary cavitary disease may require surgical excision, and no antifungal treatment is 


required in patients in whom the lesion is removed entirely with no evidence of disease at the 
margins. Patients with severe immunodeficiency and coccidioidomycosis may require prolonged 
therapy with a triazole. CNS infection is generally treated with fluconazole, indefinitely. 
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Fusarium Infection 


Although Fusarium species are often considered contaminants on culture, they may cause 
various infections, including localized cutaneous, nail, paranasal sinus, and ocular infection, as 
well as disseminated and invasive infection. Invasive infection usually develops only in 
immunocompromised patients. Cutaneous infection in immunocompromised patients may result 
from direct inoculation or hematogenous spread from another organ system. Fusarium skin 
infections occurring in immunosuppressed patients are almost always a cutaneous manifestation 
of a hematogenously disseminated fungal infection in patients with severe and prolonged 
neutropenia or severe lymphocyte dysfunction. Although amphotericin B, voriconazole, and 
posaconazole are active against Fusarium species, the prognosis of disseminated infections in 
these patients is poor because recovery usually depends on reestablishing adequate neutrophil 
counts. 


The skin lesions of Fusarium infection cannot be differentiated from those associated with 
cutaneous infections caused by aspergillosis and the agents of mucormycosis or from many 
bacterial infections, such as Pseudomonas (Figure 6). 


Biopsy should be done on cutaneous lesions for stain, culture, and histologic examination. 
Because the hyphae of Fusarium resemble those of Aspergillus in tissue samples, culture is the 
only way to confirm the diagnosis. 
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Figure 6. Skin findings in a patient with Fusarium infection. 
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Pseudallescheria boydii and Scedosporium apiospermum 
Infections 


Pseudallescheria boydii is the sexual state and Scedosporium apiospermum is the asexual state 
of a fungus that causes infection with increasing frequency in debilitated patients. This fungal 
pathogen is not found as often as is Aspergillus, although its clinical presentation and patient 
populations are similar to those of Aspergillus. Pseudallescheria/Scedosporium is 
indistinguishable from Aspergillus on histologic specimen sections in which it exhibits acute 
angle branching with slender mycelia. Clinically, Pseudallescheria/Scedosporium infections 
must be differentiated from Aspergillus infections, particularly because the former are uniformly 


resistant to the polyenes. These pathogens are reliably sensitive to voriconazole and 


posaconazole, which are the empiric therapies of choice in patients in whom these infections are 
suspected. 
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Antifungal Drug Resistance 


Resistance to each of the main classes of antifungals is increasing. With the advent of 
standardized methods for testing fungal sensitivities, good information regarding susceptibility 
of specific fungi to multiple antifungal agents is becoming available. Fungal mechanisms of 
resistance appear remarkably similar to those of bacterial mechanisms of resistance (for example, 
efflux pumps, mutation of the target site, up-regulation of the target, and alternative pathway 
development). Currently, azole resistance appears to be more common than polyene and 
echinocandin resistance. Early studies suggest that in vitro resistance studies are good predictors 
of clinical effectiveness because cure is less often achieved when the fungus shows in vitro 
resistance to the antifungal in use. 


Amphotericin B was formerly the mainstay of treatment for most serious deep fungal infections, 
but the introduction of more potent triazole antifungals and the use of the echinocandins have 
changed the prevention and management approach to these diseases. Although amphotericin B 
remains effective against most fungi, its side effect profile is often significantly worse than that 
of the other drugs; therefore, it is prescribed less often than previously. 


Guidelines for treatment of several fungal diseases can be found on the Web site of the Infectious 
Diseases Society of America (www.idsociety.org) (click on “Practice Guidelines”). 
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Sexually Transmitted Infections 


Introduction 

STDs Characterized by Inflammatory Discharge 
Genital Ulcer Infection 

Ectoparasites and External Genital Warts 


Key Points 


Because patients with Chlamydia are frequently asymptomatic and untreated infections 
can cause severe sequelae in women (pelvic inflammatory disease, infertility, ectopic 
pregnancy, and chronic pelvic pain), annual screening is recommended for sexually 
active women 25 years of age or younger. 

The clinical syndromes of Chlamydia trachomatis and Neisseria gonorrhoeae both cause 
cervicitis, urethritis, and proctitis, but gonorrheal infection is characterized by a more 
exudative polymorphonuclear immune response and, consequently, a more visibly 
purulent discharge than is chlamydial infection; however, diagnosis cannot be reliably 
based on clinical findings. 

Pelvic inflammatory disease is a serious complication of untreated gonorrhea or 
chlamydial infection in women, develops when infection ascends to sites above the 
cervix, and includes endometritis, salpingitis, tubo-ovarian abscess, and pelvic peritonitis. 
Infection of the epididymal glands may occur in men with untreated gonorrheal 
infection-related or chlamydial infection-related urethritis. 

Grouped vesicles on an erythematous base constitute the classic clinical presentation of 
genital herpes; these lesions begin to ulcerate when the vesicles rupture. 

The lesion in syphilis classically appears 2 to 3 weeks after exposure and is frequently 
firm, indurated, and painless, with a clean, smooth base. 

The most characteristic features of secondary syphilis are a maculopapular rash involving 
the palms of the hands and soles of the feet, generalized lymphadenopathy, and, possibly, 
fever, malaise, and fatigue. 

The preferred therapy for syphilis at all stages is parenteral penicillin, and this agent is 
the only acceptable therapy for pregnant patients. 

Pubic lice are transmitted by intimate contact, including between sexual partners. 

Certain subtypes of human papillomavirus are strongly associated with development of 
cervical cancer, although these subtypes tend to differ from those that cause anogenital 
warts. 


PreviousNext 


Introduction 


Sexually transmitted diseases (STDs) can cause inflammatory discharge, genital ulcers, and 
anogenital warts. Discussion of these infections and their associated syndromes are discussed 
below and in Table 23. 


Table 23. Summary of Common Sexually Transmitted 
Disease-related Syndromes 


Genital ulcer disease 

Syphilis (Treponema pallidum) 

Genital herpes (herpes simplex virus) 

Chancroid (Haemophilus ducreyi) 

Granuloma inguinale (donovanosis [Klebsiella granulomatis]) 
Lymphogranuloma venereum (Chlamydia trachomatis) 
Urethritis/cervicitis 

Gonorrhea (Neisseria gonorrhoeae) 

Chlamydia trachomatis 

Vaginal discharge 

Trichomonas vaginalis 

Bacterial vaginosis 

Vulvovaginal candidiasis 

Pelvic inflammatory disease/epididymitis 

Genital warts 

Human papillomavirus 

Ectoparasites 

Pediculosis pubis 

Scabies 
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STDs Characterized by Inflammatory Discharge 


Chlamydia 

Gonorrhea 

Complications of Chlamydial and Gonorrheal Infections 
Epididymitis 
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Chlamydia 


Chlamydial infection (caused by Chlamydia trachomatis) is the most commonly diagnosed 
sexually transmitted bacterial infection in the United States, with prevalence highest in sexually 
active teenagers and young adults (age <25 years). Because patients with Chlamydia are 
frequently asymptomatic and untreated infections can cause severe sequelae in women (pelvic 
inflammatory disease, infertility, ectopic pregnancy, and chronic pelvic pain), annual screening 
is recommended for sexually active women 25 years of age or younger. Men with chlamydial 
disease may have urethral discharge or may be asymptomatic, but their long-term health 
consequences are minimal compared with those in women, and screening and treatment in 
heterosexual men primarily benefit their female sexual partners. Chlamydial infection can also 
cause proctitis in men and women who are the receptive partners in anal intercourse. 
Conjunctivitis can also occur, either due to self-inoculation from a genitourinary focus or from 
untreated maternal infection in newborn infants. 


Antibiotic therapy for sexual partners of patients with chlamydial infection is recommended. 
Recommended chlamydial infection therapy is presented in Table 24. 


Table 24. Summary of Recommended Treatment for 
Common Sexually Transmitted Infections 


Disease Recommended Treatment Alternatives 
Syphilis 
Primary, secondary, Benzathine penicillin G, 2.4 MU Doxycycline, 100 mg orally BID for 
or early latent (<1 IM, in a single dose 14 days; ceftriaxone, 1 g/d IV or 1 g/d 
year) IM for 8-10 days 
Late latent (>1 year) Benzathine penicillin G, 2.4 MU, 1 Doxycycline, 100 mg orally BID for 
or latent of unknown weekly dose IM for 3 doses, 1 28 days 
duration week apart (total, 7.2 MU) 
Neurosyphilis Aqueous crystalline penicillin G, | Procaine penicillin, 2.4 MU IM once 
18 to 24 MU/d, administered as 3 daily, plus probenecid 500 mg orally 
to 4 MU IV every 4 hours; or QID, both for 10 to 14 days 


continuous infusion for 10-14 days 


HIV infection For primary, secondary, and early Alternatives to standard penicillin in 
latent syphilis, treat as above. Some HIV-infected persons have not been 
specialists recommend three doses. well studied 
For late latent syphilis or latent 
syphilis of unknown duration, 
perform CSF examination before 
treatment 


Pregnancy 


Cervix, urethra, 
rectum 


Adult/adolescents 


Pregnancy 


Nongonococcal 
urethritis 


Pelvic inflammatory 
disease (outpatient 
management) 


First clinical episode 
of genital herpes 


Penicillin is the only recommended 
treatment for syphilis during 
pregnancy. Women who report 
allergies should be desensitized, 
then treated with penicillin 


Gonococcal Infections* 


Ceftriaxone, 125 mg IM ina single Spectinomycin, 2 g IM ina single 
dose; or cefixime, 400 mg orally in dose; fluoroquinolones are no longer 
a single dose recommended for GC treatment. 


Chlamydial Infections 


Azithromycin, 1 g orally in a single Erythromycin base, 500 mg orally 

dose; or doxycycline, 100 mg QID for 7 days; or erythromycin 

orally BID for 7 days ethylsuccinate, 800 mg orally QID for 
7 days; or ofloxacin, 300 mg orally 
BID for 7 days; or levofloxacin, 500 
mg orally once daily for 7 days 


Azithromycin, 1 g orally in a single Erythromycin base, 500 mg orally 

dose; or amoxicillin, 500 mg orally QID for 7 days; or erythromycin, 250 

TID for 7 days mg orally QID for 14 days; or 
erythromycin ethylsuccinate, 800 mg 
orally QID for 7 days; or 
erythromycin ethylsuccinate, 400 mg 
orally QID for 14 days 


Azithromycin, 1 g orally in a single Erythromycin base, 500 mg orally 

dose; or doxycycline, 100 mg QID for 7 days; or erythromycin 

orally BID for 7 days ethylsuccinate, 800 mg orally QID for 
7 days; or ofloxacin, 300 mg orally 
BID for 7 days; or levofloxacin, 500 
mg orally once daily for 7 days 


Ceftriaxone, 250 mg IM in a single If gonorrhea ruled out in process: 
dose; or ceftriaxone, 2 g IM once levofloxacin, 500 mg orally once 
plus probenecid, 1 g orally once; or daily for 14 days; or ofloxacin, 400 
another third-generation mg BID for 14 days 

cephalosporin plus doxycycline, 

100 mg orally BID for 14 days 


Herpes Simplex Virus 


Acyclovir, 400 mg orally TID for 
7-10 days; or acyclovir, 200 mg 
orally 5 times daily for 7-10 days; 
or famciclovir, 250 mg orally TID 
for 7-10 days; or valacyclovir, 1 g 
orally BID for 7-10 days 


BID = twice daily; CSF = cerebrospinal fluid; GC = gonococcal infection; IM = intramuscularly; 
MU = million units; QID = four times daily; TID = three times daily. 


“Treat also for chlamydial infection if not ruled out by a sensitive test (nucleic acid amplification 
test). 


These regimens may be administered with or without metronidazole, 500 mg orally BID for 14 
days. 
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Gonorrhea 


The clinical syndromes of C. trachomatis and Neisseria gonorrhoeae both cause cervicitis, 
urethritis, and proctitis, but gonorrheal infection is characterized by a more exudative 
polymorphonuclear immune response and, consequently, a more visibly purulent discharge than 
is chlamydial infection; however, diagnosis cannot reliably be based on clinical findings. The 
diagnosis of gonorrhea is suggested by clinical evidence of inflammation in a susceptible 
anatomic site (urethra, cervix) in a sexually active patient. The results of nonspecific laboratory 
testing that may be readily available in some office settings, such as reactive leukocyte esterase 
on urine dipstick testing, may also support a presumptive diagnosis. The results of more specific 
laboratory testing, such as the presence of gram-negative intracellular diplococci on Gram stain 
of purulent secretions or the identification of Neisseria gonorrhoeae in culture or nucleic acid 
amplification testing, will confirm the diagnosis. 


Untreated infection of mucosal sites can result in bacteremia and disseminated gonococcal 
infection characterized by fever, papular and pustular skin lesions on the distal extremities, 
tenosynovitis, and less commonly, septic arthritis (Figure 7). Perihepatitis (Fitz-Hugh—Curtis 
syndrome) and peritonitis may also occur with intraperitoneal extension of untreated pelvic 
infection in women. 


Antibiotic therapy for sexual partners is recommended in patients with gonorrheal infection. 
Because of the high rate of concurrent chlamydial infection in patients with gonorrhea, co- 
treatment for both infections should be given in patients with gonorrhea unless Chlamydia has 
been definitively ruled out. Fluoroquinolones, such as ciprofloxacin, are no longer recommended 
in treating gonorrhea owing to high rates of resistance in recent years. 


Figure 7. Pustular skin lesion characteristic of disseminated 
gonococcal infection. 
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Complications of Chlamydial and Gonorrheal Infections 


e Pelvic inflammatory disease 
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Pelvic inflammatory disease 


Pelvic inflammatory disease (PID) is a serious complication of untreated gonorrhea or 
chlamydial infection in women and develops when infection ascends to sites above the cervix. 
PID includes a spectrum of disorders of the female upper genital tract, including endometritis, 
salpingitis, tubo-ovarian abscess, and pelvic peritonitis. Diagnosis is established clinically, and 


presumptive therapy is recommended in sexually active women with suggestive findings, 
including cervical motion tenderness, uterine tenderness, or adnexal tenderness on pelvic 
examination. The disorder is usually polymicrobial in etiology, and treatment targeting 
gonorrhea and Chlamydia, as well as gram-negative bacilli, anaerobes, and gram-positive 
bacteria, is recommended (see Table 24). 
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Epididymitis 


Infection of the epididymal glands may occur in men with untreated gonorrheal infection—related 
or chlamydial infection-related urethritis. Presumptive treatment for these pathogens is 
recommended in sexually active men 35 years of age or younger with epididymal tenderness and 
swelling on scrotal examination. 
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Genital Ulcer Infection 


e Herpes 
e Syphilis 


e Chancroid 
e Lymphogranuloma Venereum 
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Herpes 


The most common cause of genital ulcers is herpes simplex virus. More than 21% of adults in 
the United States are chronically infected with herpes simplex virus type 2 (HSV-2), the most 
common cause of genital herpes, and most are unaware of their infection. 


Grouped vesicles on an erythematous base constitute the classic clinical presentation (Figure 8). 
These lesions begin to ulcerate when the vesicles rupture. Burning, tingling, and erythema are 
less typical manifestations of genital herpes and can appear without vesicular or ulcerative 
lesions. As many as 15% of primary herpes episodes may be caused by HSV-1, which is 
clinically indistinguishable from HSV-2-related episodes. Diagnosis of genital herpes is often 
made clinically, but confirmation requires viral culture or polymerase chain reaction (PCR) assay 
of genital lesions; type-specific serologic testing can identify HSV-2 infection but cannot 
determine the cause of an ulcerative genital lesion (see Viral Infections). The Tzanck test 
(showing multinucleated giant cells) is not recommended owing to lack of sensitivity. Herpes 
simplex treatment is discussed in Table 24. 
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Figure 8. Painful grouped erosions, with or without vesicles, 
are characteristic of genital herpes. 
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Syphilis 


Syphilis is characterized by progressive stages of disease, including primary-stage, secondary- 
stage, latent, and tertiary or late syphilis. The primary stage of syphilis is caused by Treponema 
pallidum and is characterized by genital ulceration. The lesion classically appears 2 to 3 weeks 
after exposure and is frequently firm, indurated, and painless, with a clean, smooth base. 
Treponemal infection is usually widely disseminated when ulceration appears. The lesion may 
resolve without specific antibiotic therapy owing to an effective host immune response. 


Signs and symptoms of secondary-stage syphilis typically appear weeks to months after the onset 
of primary-stage disease, although signs of secondary-stage disease may coincide with genital 
ulceration. The most characteristic features are a maculopapular rash involving the palms of the 
hands and soles of the feet (Figure 9), which develops in approximately 60% of all patients; 
generalized lymphadenopathy, fever, malaise, and fatigue may also occur. 


Signs and symptoms of inflammation in other organs can also develop during secondary-stage 
syphilis, including hepatitis, glomerulonephritis, and aseptic meningitis. 


Diagnosis of primary- and secondary-stage mucocutaneous lesions can be established by 
darkfield microscopy visualization of motile 7. pallidum in exudative fluid from the lesions. A 
presumptive diagnosis can be based on reactive syphilis serology in a patient with suggestive 
clinical findings. The risk for infectious transmission to sexual partners is highest during the 
primary and secondary stages of syphilis. Providing prophylactic treatment to persons exposed to 
syphilis infection at these early stages helps to prevent disease dissemination throughout the 
community. 


Infection confirmed by reactive syphilis serology in the absence of clinical findings constitutes 
latent syphilis. Early latent syphilis is defined as infection of less than 1 year’s duration, and 
patients may relapse, with development of mucocutaneous lesions characteristic of earlier stages. 
Late latent syphilis is defined as infection of longer than 1 year’s duration. It is frequently 
impossible to document that the infection was acquired within the past year because the results 
of previous serologic tests are unavailable, and most patients are therefore categorized as having 
“syphilis of unknown duration.” Tertiary or late syphilis occurs years to decades after initial 
infection. 


Clinical features vary depending on the level of organ involvement. Any visceral organ in 
patients with tertiary syphilis can be eroded by gummas (inflammatory tumors). Other classic 
clinical syndromes of tertiary syphilis include brain and spinal cord nerve destruction (also 
known as general paresis and tabes dorsalis) and cardiovascular syphilis. Because central 
nervous system invasion may also occur early in infection, concurrent neurosyphilis can develop 
during any stage of syphilis. 


The preferred therapy for syphilis at all stages is parenteral penicillin, and this agent is the only 
acceptable therapy for pregnant patients. Treatment for syphilis by stage is summarized in Table 
24. All patients diagnosed with syphilis should be offered serologic testing for HIV. 


Figure 9. Characteristic maculopapular lesions of secondary 
syphilis on the palm. 
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Chancroid 


Chancroid, caused by the organism Haemophilus ducreyi, is characterized by painful genital 
ulceration, typically with irregular borders. Although chancroid is found primarily in 
underdeveloped countries and is not widespread in the United States, it is believed to be 
substantially underdiagnosed and underreported. Chancroid epidemics occur only sporadically in 
the United States, usually in association with prostitution and drug use. This organism is difficult 
to isolate; therefore, a diagnosis is difficult to establish in the laboratory. Most cases of chancroid 
are identified based on the characteristic genital ulcerative lesion that persists despite treatment 


for other genital ulcerative disease causes and after laboratory testing has eliminated other 
etiologies of genital ulceration such as syphilis and herpes. 
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Lymphogranuloma Venereum 


Lymphogranuloma venereum (LGV) is a systemic STD that occurs rarely in the United States. 
However, since 2003, the Netherlands and other European countries have reported increases in 
LGV proctitis among men who have sex with men, and LGV cases in this group have also been 
identified in the United States and Canada. LGV is caused by C. trachomatis, but by a distinctly 
different set of serovars than those that cause other sexually transmitted genitourinary chlamydial 
infections. When LGV is characterized by a genital ulcer, it is classically associated with 
lymphadenitis. Factors associated with LGV-related proctocolitis include concurrent HIV 
infection, visible ulcerations on anoscopy, and purulent discharge from the ulcer’s base. 
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Ectoparasites and External Genital Warts 


Pubic lice (Phthirus pubis) are transmitted by intimate contact, including between sexual 
partners. Infestation is usually characterized by itching, although patients may also be 
asymptomatic (see MKSAP 15 Dermatology). 


Anogenital warts are caused by multiple subtypes of human papillomavirus (HPV). Certain 
subtypes of HPV are strongly associated with development of cervical cancer, although these 
subtypes tend to differ from those that cause anogenital warts. Most sexually active people are 
exposed to human papillomavirus. A vaccine highly protective against the development of high- 
grade cervical lesions is available in the United States and is recommended for use in all young 
women, ages 9 through 26 years (see MKSAP 15 General Internal Medicine). There are various 
provider- and patient-applied genital wart therapies, most of which destroy the HPV-infected 
skin. 
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Osteomyelitis 
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Evaluation and Management of Vertebral Osteomyelitis 


Key Points 


Patients at increased risk for hematogenously spread osteomyelitis include those on 
hemodialysis with tunneled intravascular catheters and with long-term intravascular 
catheters or those with high-grade bacteremia, endocarditis, or sickle cell disease. 

In adults, the intervertebral disk space and two adjacent vertebrae are the most common 
sites of hematogenous osteomyelitis. 

Patients with osteomyelitis from contiguous spread usually have a polymicrobial 
infection. 

The presence of a sinus tract overlying a bone structure and palpation of bone by a sterile, 
blunt, stainless steel probe in the depth of a foot ulcer are almost always associated with 
osteomyelitis. 

Physical examination findings suggestive of osteomyelitis include visible bone in an 
ulcer base or contact with bone on insertion of a metal probe at the ulcer base. 

Bone biopsy is the gold standard diagnostic test and the only definitive way to confirm 
osteomyelitis. 

Piperacillin/tazobactam, ampicillin/sulbactam, and ticarcillin/clavulanic acid are among 
the regimens used to treat osteomyelitis of the foot in diabetic patients; alternatively, a 
third- or fourth-generation cephalosporin can be combined with metronidazole in these 
patients. 

Blood cultures should be obtained in all patients in whom vertebral osteomyelitis is 
suspected. 


e Patients who have imaging studies suggestive of vertebral osteomyelitis but blood 
cultures revealing no pathogen should undergo a CT-guided percutaneous needle biopsy. 

e Patients with vertebral osteomyelitis are usually given antibiotics intravenously for 6 to 8 
weeks but may require longer therapy depending on disease course and response to 
therapy. 
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Introduction 


Osteomyelitis is characterized by an intense suppurative inflammatory reaction in bone 
associated with edema and thrombosis. This condition compromises the vascular supply to the 
bone, and, with time, can lead to areas of dead bone known as sequestra. Infection can erode 
through the bone into the adjacent soft tissues and skin and may manifest externally as a sinus 
tract. As the bone reforms, new bone forms around the sequestra (termed involucrum). 


Osteomyelitis can be characterized by the duration of illness (acute or chronic), mechanism of 
infection (hematogenous, extension from a contiguous focus, direct contamination), affected 
bone, the host’s physiologic status, and the presence of orthopedic hardware. The clinical 
presentation and treatment vary depending on the type of osteomyelitis. 


In adults, hematogenous spread is responsible for less than 20% of all cases, occurring in patients 
at risk for bloodstream infections, including those on hemodialysis with tunneled intravascular 
catheters and those with long-term intravascular catheters or in patients with high-grade 
bacteremia, endocarditis, or sickle cell disease. In adults, the intervertebral disk space and two 
adjacent vertebrae are the most common sites of hematogenous osteomyelitis. Only one 
microorganism is usually isolated in patients with hematogenous osteomyelitis; 40% to 60% of 
cases are caused by Staphylococcus aureus. 


In adults, contiguously disseminated infection from surrounding tissues occurs more commonly 
than hematogenously spread infection and is usually caused by soft tissue infection such as that 
in patients with diabetic foot ulcers. Patients with osteomyelitis from contiguous spread usually 
have a polymicrobial infection. Contiguously spread osteomyelitis may be due to direct bone 
contamination from a puncture wound, open fracture, or prosthetic material or hardware in the 
bone that may have been used to stabilize a fracture or in joint replacement. 
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Diagnosis 


The clinical hallmarks of acute osteomyelitis are local pain and fever, particularly in patients 
with acute hematogenous osteomyelitis, but these may be absent in chronic and contiguous 
osteomyelitis. The presence of a sinus tract overlying a bone structure and palpation of bone by a 


sterile, blunt, stainless steel probe in the depth of a foot ulcer are almost always associated with 
osteomyelitis. Patients who have undergone total joint arthroplasty and have had joint pain since 
surgery are more likely to have a prosthetic joint infection compared with pain-free patients. 
Prosthetic loosening in the first 2 years after arthroplasty raises the index of suspicion for a 
prosthetic joint infection. 


Given the limitations of physical examination in the diagnosis of osteomyelitis, radiologic 
studies are frequently used. However, radiographs may be negative early in the course of illness 
because it can take 2 weeks or more for evidence of acute infection to manifest, and radiography 
lacks both sensitivity (60%) and specificity (60%) in the diagnosis of osteomyelitis. In patients in 
whom radiographic results are negative but clinical suspicion for osteomyelitis remains high, 
MRI is indicated. MRI scans show changes of acute osteomyelitis within days of infection and 
are superior to and more sensitive (90%) and specific (80%) than plain films and CT scans; can 
detect soft tissue abscesses and epidural, paravertebral, or psoas abscesses possibly requiring 
surgical drainage; and can delineate anatomy before surgery. Nonetheless, false-positive MRI 
results may occur in patients with noninfectious conditions such as fractures, tumors, and healed 
osteomyelitis. In patients with a pacemaker or metal hardware precluding MRI or in those in 
whom MRI results are inconclusive, nuclear studies may be used alternatively to MRI. 
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Evaluation and Management of Diabetes Mellitus- 
Associated Osteomyelitis 


Superficial diabetic foot infections can cause cellulitis, and contiguously disseminated foot 
infection can affect deep soft tissues, causing abscesses or even necrotizing fasciitis; bone 
infection can also occur (see MKSAP 15 Endocrinology and Metabolism and MKSAP 15 
Dermatology). The clinical appearance of a diabetic foot infection is often not helpful in 
predicting the presence of underlying osteomyelitis. 


Physical examination findings suggestive of osteomyelitis include visible bone in an ulcer base 
or contact with bone on insertion of a metal probe at the ulcer base, the latter of which has a 
positive predictive value of approximately 90% and a negative predictive value of approximately 
60% for diagnosing osteomyelitis. Ulcers larger than 2 x 2 cm, the presence of an ulcer for more 
than 2 weeks, and an erythrocyte sedimentation rate greater than 70 mm/h are also associated 
with the presence of underlying osteomyelitis and require diagnostic confirmation by deep tissue 
culture. Except for the finding in superficial cultures of S. aureus, cultures obtained from a sinus 
tract or from an ulcer base in patients with diabetic foot infections usually do not correlate with 
the deep pathogens causing bone infection. In addition to isolating S. aureus, swabs of sinus 
tracts or deep ulcers may also be useful for identifying resistant organisms such as methicillin- 
resistant S. aureus (MRSA) or vancomycin-resistant enterococci (VRE), allowing for 
implementation of appropriate infection-control measures. 


Bone biopsy is the gold standard diagnostic test and the only definitive way to confirm 
osteomyelitis. Bone biopsy not only provides histopathologic evidence but also may identify the 
infecting organism and susceptibilities for guiding antibiotic therapy. 


Bone biopsy can be done percutaneously (typically CT-guided) or by open biopsy. Open biopsy 
facilitates procurement of a larger piece of bone than that obtained through percutaneous biopsy, 
thereby increasing the diagnostic yield and facilitating debridement of the bone and surrounding 
tissues if necessary. Bone biopsy may not be needed for patients with suspected osteomyelitis 
and a supportive imaging study in the setting of positive blood cultures. Open bone biopsy is not 
always feasible in patients with diabetes or vascular disease, who may have wound-healing 
problems. In such patients, CT-guided percutaneous bone biopsy is a reasonable alternative but 
can result in sampling errors. 


In stable patients, it is important to attempt to establish a pathologic and microbiologic diagnosis 
rather than simply treat empirically to avoid complications associated with long antibiotic 
courses, such as catheter-associated bacteremia and deep venous thrombosis; drug reactions; and 
Clostridium difficile or fungal infections. In addition, empiric antibiotic regimens may not cover 
all of the pathogens involved in these often polymicrobial infections. 


Deep cultures obtained at surgery often include aerobic gram-positive cocci such as S. aureus 
(including MRSA) and coagulase-negative staphylococci. Other organisms may also be found, 
including aerobic gram-negative rods such as Pseudomonas (also associated with puncture 
wounds through sneakers in nondiabetic patients), and anaerobes. 


Choice of antibiotic therapy should be based on culture and susceptibility results. Multiple 
antibiotic regimens, including piperacillin/tazobactam, ampicillin/sulbactam, and 
ticarcillin/clavulanic acid, are used to treat osteomyelitis of the foot in diabetic patients, and 
these agents have good gram-negative and anaerobic activity. Alternatively, a third- or fourth- 
generation cephalosporin can be combined with metronidazole in these patients. Clindamycin 
and a fluoroquinolone such as ciprofloxacin or levofloxacin are appropriate in patients with 
penicillin allergy. Vancomycin, linezolid, or daptomycin may be added to any of these regimens 
in patients in whom concern or proof of MRSA exists or in ill patients for whom no cultures are 
available to guide therapy. 


In patients who are not ill and in whom no evidence of extensive concurrent soft tissue infection 
or cellulitis exists, antibiotics should be withheld prior to obtaining a bone biopsy to increase the 
diagnostic yield. In ill patients or those with extensive cellulitis or soft tissue infection, empiric 
antibiotics with any of the above regimens are warranted. 


Generally, antibiotics are given intravenously for 4 to 6 weeks through a peripherally inserted 
central-line catheter based on culture and susceptibility results. Oral antibiotics can be used but 
usually only after an initial induction with intravenous antibiotics in patients with susceptible 
organisms and in those in whom compliance with an oral regimen can be assured. 


An open surgical procedure, as well as antibiotics, is often required in patients with osteomyelitis 
of the foot to débride devitalized tissue and remove necrotic bone. The goal of surgery is to 


remove as much of the infected tissue as possible while trying to maintain foot functionality. 
Shorter courses of antibiotics are appropriate for patients in whom all of the devitalized tissue 
and bone is removed. Alternatively, in patients in whom potentially infected bone has been left 
to allow for preservation of foot function, longer courses of antibiotics may be required. 
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Evaluation and Management of Vertebral Osteomyelitis 


Vertebral osteomyelitis is most often disseminated hematogenously. Segmental arteries supply 
blood to the vertebrae, with bifurcating arteries supplying blood to the inferior margin of one end 
plate and the superior margin of the adjacent end plate. Consequently, when infection occurs, it 
generally follows this vascular pattern involving bone in two adjacent vertebral bodies with 
invasion into their intervertebral disk. This pattern of vertebral involvement can help distinguish 
osteomyelitis from a compression fracture or tumor, which can be difficult to differentiate based 
on radiographic findings alone. Potential sources of hematogenous osteomyelitis include skin 
(injection drug users), urinary tract, or respiratory tract infection; endocarditis; or intravascular 
catheter—related infection. 


The most common organism found in vertebral osteomyelitis is S. aureus (including MRSA); 
coagulase-negative staphylococci are also common. Other organisms, including gram-negative 
rods and Candida species, occur less frequently. 


Most patients with vertebral osteomyelitis have back or neck pain that gradually worsens over 
weeks or months, with fever present in only 50%. Tenderness to palpation over the involved 
portion of the spine is also common. Because these findings are nonspecific, a high degree of 
suspicion is needed to establish a diagnosis. 


Laboratory values typically include a normal leukocyte count, a markedly increased erythrocyte 
sedimentation rate (often greater that 100 mm/h), and an elevated serum C-reactive protein level. 
Because blood cultures are positive in up to 75% of patients with vertebral osteomyelitis, they 
should be obtained in all patients in whom this condition is suspected. Diagnostic bone biopsy 
may not be needed in patients with a compatible clinical scenario and in whom an organism such 
as S. aureus is identified. Endocarditis should be ruled out with echocardiography in patients 
with positive blood cultures and no other sources of infection. 


Patients with imaging studies suggestive of vertebral osteomyelitis but blood cultures revealing 
no pathogen should undergo a CT-guided percutaneous needle biopsy. Patients in whom results 
of the first needle biopsy are nondiagnostic may require a repeat biopsy. Empiric antibiotic 
treatment may be given if an etiologic agent is not identified to guide specific therapy. Any 
empiric regimen in patients with suspected vertebral osteomyelitis requires coverage for S. 
aureus, including MRSA coagulase—negative staphylococci, and enteric gram-negative rods. 
Vancomycin plus an antipseudomonal third- (ceftazidime) or fourth-generation cephalosporin 
(cefepime) or an extended-spectrum ß-lactam antibiotic are appropriate choices. If no clinical 


improvement occurs within several weeks after an empiric regimen is instituted, repeat 
percutaneous or open biopsy is indicated. 


Most patients with vertebral osteomyelitis respond to antibiotic therapy. Surgery is rarely needed 
for uncomplicated vertebral osteomyelitis but is frequently necessary for epidural or 
paravertebral abscesses or spinal instability. Antibiotics are chosen based on the isolated 
pathogen and susceptibilities and are usually given intravenously for 6 to 8 weeks, but longer 
courses may be necessary depending on disease course and response. 
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Fever of Unknown Origin 


e Introduction 


e Causes of Fever of Unknown Origin 
e Evaluation 


Key Points 


e In recent years, infection and malignancy are less commonly associated with fever of 
unknown origin, whereas the association with rheumatic illnesses and undiagnosed 
causes has increased. 

e Because patients with fever of unknown origin may have evolving illness with new and 
changing signs and symptoms, repeated examinations are essential. 


e Some fever-associated skin lesions, such as Janeway lesions, Osler nodes, or 
subconjunctival petechiae, suggest serious underlying illnesses. 

e Patients with fever of unknown origin in whom no specific diagnosis is found despite an 
extensive workup generally have a good prognosis, with resolution of the fever in several 
months. 
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Introduction 


Fever commonly accompanies many infectious and noninfectious illnesses. Most febrile illnesses 
resolve before a diagnosis is made or before the illness develops other distinguishing features. 
Fever may also be a manifestation of a serious illness that can be readily diagnosed and treated. 
In a subgroup of patients, the source of the fever cannot be found. Patients who have a high fever 
(greater than 38.3 °C [101.0 °F]) persisting for more than 3 weeks with no diagnosis despite a 
complete history, physical examination, and negative routine laboratory and diagnostic studies 
have fever of unknown origin (FUO). 
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Causes of Fever of Unknown Origin 


FUO usually falls into one of three major categories: infectious illness, rheumatic disease, or 
malignancy. In recent years, infection and malignancy have been less commonly associated with 
FUO, whereas rheumatic illnesses and undiagnosed causes are more commonly implicated. The 
specific causes and diagnostic workup differ based on patient population. In the normal host, 
common infectious causes include tuberculosis or intraabdominal or pelvic abscess. 
Osteomyelitis, and, in particular, vertebral osteomyelitis, occasionally is characterized by FUO 
without localizing back pain or symptoms. Endocarditis, a once common cause of FUO, is less 
often found to be implicated because of the availability of better blood culture techniques and the 
widespread use of antibiotics. When endocarditis causes FUO, it is usually associated with 
culture-negative organisms, such as Coxiella burnetii (Q fever), Bartonella quintana, or the 
HACEK organisms (Haemophilus aphrophilus, Actinobacillus actinomycetemcomitans, 
Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae). 


One of the more common vasculitides is temporal arteritis, which can present as FUO in adults 
older than 50 years, even in the absence of the classic symptoms of headache, jaw claudication, 
or polymyalgia rheumatica. Other vasculitides, such as Wegener granulomatosis and diseases 
such as systemic lupus erythematosus and adult-onset Still disease, should also be considered. 


The most common FUO-associated malignancy is non-Hodgkin lymphoma. Renal cell 
carcinoma, any malignancy that metastasizes to the liver, and leukemia are other common 
causes. 


A fourth category of miscellaneous causes includes drug fever, factitious fever, subacute 
thyroiditis, a large hematoma, pheochromocytoma, familial Mediterranean fever, deep venous 
thrombosis, and thromboembolic diseases. 


PreviousNext 


Evaluation 


A thorough history and physical examination are the most important components of the 
evaluation of a patient with FUO. Because affected patients may have an evolving illness with 
new and changing signs and symptoms, repeated examinations are essential. Travel history, 
animal exposures, sick contacts, environmental toxin exposures, recent antibiotic use, new 
medications, and risks for immune suppression are all important historical clues. 


Febrile illnesses are often associated with rash. Some are nondescript, such as the exanthems of 
enteroviral infections, whereas others have more distinctive patterns, such as the erythema 
migrans rash of Lyme disease (see Tick-borne Disease). 


The rash’s distribution (extremity vs. trunk), presence on the palms and the soles, chronicity 
relative to fever, and characteristics (vesicular vs. petechial) are also important in determining a 
potential cause. Some fever-associated skin lesions suggest serious underlying illnesses, such as 
Janeway lesions, Osler nodes, or subconjunctival petechiae occurring in infective endocarditis. 


Initial laboratory data and radiographic evaluation in patients with FUO include a complete 
blood count, complete metabolic profile with liver chemistry studies, urinalysis, and blood 
cultures. Lactate dehydrogenase measurement, serum protein electrophoresis, HIV serology, 
tuberculin skin testing, Epstein-Barr virus serologies, heterophile antibody testing, 
cytomegalovirus serologies, rapid plasma reagin measurement, rheumatoid factor measurement, 
antinuclear antibody measurement, erythrocyte sedimentation rate, C-reactive protein 
measurement, and, possibly, CT imaging of the chest, abdomen, and pelvis, might also be 
considered in the appropriate setting. Abnormalities detected on these studies or new findings in 
the history or on repeat physical examinations should guide further evaluation. 


Despite an extensive workup, one third to one half of patients may not receive a specific 
diagnosis. These patients generally have a good prognosis, with resolution of fever in several 
months. Despite the temptation to provide treatment, perhaps because of urging from patients or 
family, clinicians should not prescribe empiric courses of antibiotics and corticosteroids to these 
patients. 
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Repeated Infections 


Introduction 
Congenital IgA Deficiency 


Common Variable Immunodeficiency 
Abnormalities in the Complement System 


Key Points 


Patients with an IgA deficiency accompanied by low levels of one or more IgG subtypes 
may experience multiple sinopulmonary bacterial infections; gastrointestinal infections 
and autoimmune disorders may also occur. 

The most common presentation of common variable immunodeficiency is repeated 
sinopulmonary infections. 

Increased susceptibility to neisserial infections occurs in patients with deficiencies of C5 
through C9 of “the attack complex,” P and D of the alternative pathway, and mannose- 
binding lectin of the lectin pathway of the complement system. 
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Introduction 


Even though they are not common, primary or acquired immunodeficiency syndromes should be 
considered in the differential diagnosis of patients with multiple or recurrent infections. Primary 
deficiencies are most commonly found in children but are increasingly being recognized in 
adults. Acquired immunodeficiencies are recognized more often than primary deficiencies 
because they are more common and typically present with characteristic findings suggestive of 
the correct diagnosis. 
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Congenital IgA Deficiency 


The most common primary immunodeficiency is congenital IgA deficiency. Studies of blood 
from blood banks suggest an incidence of 1 in 300 to 1 in 500 in North America. Most patients 
with this disorder are asymptomatic; therefore, the deficiency often goes undetected or is 
discovered serendipitously. Patients with an IgA deficiency accompanied by low levels of one or 
more IgG subtypes may experience multiple sinopulmonary bacterial infections. Patients with 
IgA deficiency are also prone to gastrointestinal infections (particularly Giardia lamblia) and 
have an increased risk for autoimmune disorders including rheumatoid arthritis and systemic 
lupus erythematosus. 
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Common Variable Immunodeficiency 


Common variable immunodeficiency (CVI) is comprised of a group of acquired disorders most 
often characterized by low levels of one or more immunoglobulin classes or subclasses. 


The male-to-female ratio is 1 to 1.3, with a marked predominance in whites of European descent. 
Various forms of cellular immune defects may also occur with or without the immunoglobulin 
defects. Although, by definition, these are not congenital disorders, some have been shown to 
have a genetic component as demonstrated by the significant prevalence of similar disorders in 
relatives and the several specific genetic mutations delineated in the families of some patients 
with CVI. Diagnosis of CVI is often delayed by years because of its variability in presentation. 


CVI is characterized by repeated sinopulmonary infections occurring over several years, with 
repeated episodes of bronchitis and sinusitis occurring in 67% or more of these patients. 
Bronchiectasis is found in 33% or more of this population, often presenting or progressing 
during treatment of the CVI with intravenous immune globulin. More than 50% of patients with 
CVI have had at least one episode of bacterial or nonbacterial pneumonia. Gastrointestinal 
infections characterized by the same array of pathogens as encountered in the general population 
occur in 25% or more of patients with CVI, but Giardia lamblia is the single most commonly 
encountered enteric pathogen in some reports. Bacterial and nonbacterial meningitis develops 
more frequently in patients with CVI than in persons without CVI. Patients with markedly low 
levels of immunoglobulins may have severe and sustained central nervous system enteroviral 
infections that may lead to permanent neurologic impairment or death. 


A few patients with CVI and no evidence of HIV infection develop opportunistic infections with 
Pneumocystis species or other fungi and are found to have T-cell defects similar to those in 
patients with late-stage HIV infection. For unknown reasons, many patients with CVI also 
develop autoimmune disorders, most commonly autoimmune hemolytic anemia and 
thrombocytopenia, rheumatoid arthritis, and pernicious anemia. 
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Abnormalities in the Complement System 


Inherited deficiencies in any of the terminal complement components C5, C6, C7, C8, or C9 (the 
“attack complex” of complement) are associated with enhanced susceptibility to recurrent 
infection with Neisseria meningitidis or N. gonorrhoeae. Defects in components of the 
alternative pathway of complement activation and the lectin pathway may also be associated 
with neisserial infections. Inherited deficiency of factors P (properdin) or D of the alternative 
pathway is associated with a higher incidence of neisserial infections. Mannose-binding lectin 
(MBL) functional defects may occur in up to 5% of the general population, and variant alleles 
causing reduced levels of MBL may be found in up to 33%. Neisserial infections occur in 
patients with MBL functional defects, and MBL defects are associated with poorer prognosis 
when accompanied by other defects in host defense, such as cystic fibrosis or other complement 
defects. 


Homozygosity for C3 deficiency is rare but is associated with multiple pyogenic infections 
similar to those occurring in patients with immunoglobulin deficiency. Because factor I is pivotal 
in the inactivation of C3b, patients with homozygous deficiency of factor I constantly consume 
C3 and B, and consequently, are more susceptible to pyogenic infections. 


The appropriate screening test for deficiencies in classic complement components C1 through C8 
is the total hemolytic complement assay or CHs9. As performed in most laboratories, this test 
will not detect C9 deficiency or deficiencies in the alternative or lectin pathways. Screening for 
these defects should be pursued in more specialized laboratories. When screening test results are 
abnormal, specific tests for individual complement components should be done. 
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Bioterrorism 


e Introduction 
Anthrax 
Smallpox (Variola Major) 


Plague 
Botulism 


Tularemia 


Viral Hemorrhagic Fever 


Key Points 


Inhalational anthrax presents as a nonspecific flu-like illness with cough, dyspnea, and 
chest pain with progression to rapid deterioration, shock, and death. 

Initial findings of inhalational anthrax on chest imaging may include mediastinal 
widening, pleural effusions, and, possibly, infiltrates. 

Clinical signs of cutaneous anthrax include a painless, often pruritic, edematous papule, 
with possible hemorrhagic and necrotic progression. 

Smallpox presents initially with high fever and malaise followed by a 
vesicular/papular/pustular rash first on the face and extremities and then on the trunk, 
with lesions appearing on the body in synchronous stages of development. 

Patient isolation and mass vaccination constitute the appropriate public heath response to 
a smallpox epidemic. 

Antibiotics and patient isolation for the first 48 hours of therapy are recommended to 
prevent secondary spread of pneumonic plague. 

The use of botulism as a bioweapon would likely involve the intentional release of large 
amounts of aerosolized toxin or inoculation of toxin into food. 

In the classic clinical triad of botulism, patients are afebrile with a clear sensorium, but 
with bulbar palsies and a flaccid descending paralysis. 

In a bioterrorism attack, an acute pneumonia-like syndrome resulting from inhalation 
would be the most likely presentation of tularemia. 

Viral hemorrhagic fever is characterized by severe multisystem failure, coagulopathy, 
and hemorrhage. 

An effective public health response to suspected viral hemorrhagic fever is recognition of 
a cluster of cases, specialized diagnostic testing, and isolation of patients with suspected 
infection. 
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Introduction 


Bioterrorism refers to the intentional release of infectious agents to cause direct harm and 
stimulate fear in a community. Infectious agents identified by public health experts as most 
likely to be used by bioterrorists in an attack, for their lethal potential or ease of dissemination, 
or because they have been developed for these purposes or used before, are designated as Class 
A agents. Early recognition of bioterrorism cases with prompt reporting to public health officials 
is essential to minimize mass casualties in a large-scale attack. Clinical and epidemiologic 
features of Class A agents and their recommended countermeasures are summarized in Table 25. 


Table 25. Summary of Key Features of Class A Bioterrorism 
Agents 


Disease 


Incubatio Clinical Signs 


and Agent n period 


Type 
Anthrax 


Smallpox 


Plague 


Botulism 


Tularemia 


1 to 60 
days 


7 to 17 
days 


1 to 6 days 


2 hours to 


8 days 


3 to 5 days 


Treatment 
and 
Symptoms 
Inhalational: 
febrile flu-like ; doxycycline 
illness 
followed by 
severe 
respiratory 
distress; 
cutaneous: 
edematous 
necrotic lesion; 
gastrointestinal 
, oropharyngeal 
exudates, 
abdominal 
pain, and 
distention 
High fevers 
and prostration 
followed by 
rash; skin 
lesions most 
dense on 
face/extremitie 
s 


Supportive 
care 


Fulminating 
pneumonia doxycycline, 
followed by or 

Sepsis 


Normal 
sensorium with m immune 


Isolation 
required 


Ciprofloxacin No 


Yes 


Streptomycin, Yes 


bulbar nerve globulin 

palsies; (antitoxin); 
descending supportive 
flaccid care 

paralysis 

Febrile, flu-like Streptomycin, No 
symptoms, doxycycline, 
respiratory or 

symptoms, ciprofloxacin 


Prophylaxis 


Ciprofloxacin 
or other 

fluoroquinolone 
; doxycycline 


Vaccine if 
exposure in the 
last 7 days 


Doxycycline or 

(pneumoni ciprofloxacin 

c form) 

ciprofloxacin during first 
48 hours of 
antibiotic 
therapy 


Antibotulinu No Passive 
immunization 


(antitoxin) 


Doxycycline or 
ciprofloxacin 


Vaccine 


Live 
vaccine 
targeting 
toxins, 
available 
on limited 
basis 


Vaccinia 
live viral 
vaccine; 
use limited 


None 


Antitoxin 
in short 


supply 


Not highly 
effective; 
limited 
availabilit 


sepsis y 


Viral Variable Multiorgan Supportive Yes, None None 
hemorrhagi system failure, care depending 

c fever hemorrhage on agent 
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Anthrax 


Bacillus anthracis is a gram-positive aerobic rod that forms extremely hardy spores. Although 
naturally occurring cases occur, particularly with livestock exposure, they are extremely 
uncommon in the United States. Inhalational anthrax is the most rapidly lethal form of clinical 
illness and the likely presentation should anthrax spores be intentionally released to produce 
mass casualties. Inhalational anthrax presents as a nonspecific flu-like illness with cough, 
dyspnea, and chest pain with progression to rapid deterioration, shock, and death. Initial findings 
on chest imaging may include mediastinal widening, pleural effusions, and, possibly, infiltrates. 


Cutaneous anthrax is the most common clinical syndrome in naturally occurring infection and 
develops after nonintact skin is exposed to spores. Clinical signs of cutaneous anthrax include a 
painless edematous papule, which is often pruritic, with possible hemorrhagic and necrotic 


progression (Figure 10). 


Gastrointestinal anthrax is an uncommon presentation of naturally occurring infection. It occurs 
following ingestion of contaminated meat and may be a presenting syndrome in a bioterrorism 
attack should the agent be intentionally dispersed in the food supply. 


Figure 10. Papule characteristic of cutaneous anthrax. 


If this disease remains untreated, disseminated infection and sepsis can follow. 
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Smallpox (Variola Major) 


Smallpox is caused by a DNA virus. Naturally occurring smallpox was eradicated from the 
world in 1977, but the virus still exists in laboratory repositories. It is highly contagious through 
person-to-person dissemination and is associated with a 30% mortality rate. Most of the world’s 
population is not immune to this virus because routine childhood vaccination was discontinued 
with smallpox eradication. 


Smallpox presents initially with high fever and malaise followed by a vesicular/papular/pustular 
rash. Typically, the rash develops on the face and extremities and then spreads to the trunk. Skin 
lesions in any one region of the body appear in synchronous stages of development (all papules, 
vesicles, or pustules) contrary to chickenpox (Figure 11). 


No specific antiviral agents are effective in treating smallpox, but vaccination up to 4 to 7 days 
following exposure is effective in preventing disease. Therefore, patient isolation and mass 
vaccination constitute the appropriate public heath response to a smallpox epidemic. 


Figure 11. Dense pustules involving the face and trunk are 
characteristic of smallpox. 
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Plague 


Plague is a systemic infection caused by the gram-negative bacillus (or coccobacillus) Yersinia 
pestis that can be spread by aerosolization of the bacteria or by inoculation from flea bites. 
Plague typically consists of three clinical syndromes: (1) pneumonic plague, occurring with 
inhalation of bacteria (likely presentation with intentional release); (2) bubonic plague, 
characterized by purulent lymphadenitis near the inoculation site (more common in the naturally 
occurring zoonotic form of infection); and (3) septicemic plague, a septic presentation that can 
arise from either of the other syndromes. 


Person-to-person spread of plague is possible with pneumonic plague. Streptomycin (or 
gentamicin), doxycycline, and ciprofloxacin are recommended therapy. Antibiotics and patient 
isolation for the first 48 hours of therapy are recommended to prevent secondary spread of 
pneumonic plague. 
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Botulism 


Botulism is caused by toxins produced by the anaerobic gram-positive bacillus Clostridium 
botulinum. Naturally occurring botulism develops when food becomes contaminated with the 
bacteria during processing, particularly in canning or pickling. Use of botulism as a bioweapon 
would likely involve the intentional release of large amounts of aerosolized toxin or inoculation 
of toxin into food. 


In the classic clinical triad of botulism, patients are afebrile with a clear sensorium, but with 
bulbar palsies and a flaccid descending paralysis. Long-term mechanical ventilation may be 
required in patients with ventilatory failure. Supportive therapy and botulinum antitoxin 
administration are recommended. 
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Tularemia 


Tularemia is a naturally occurring bacterial zoonosis with clinical features similar to those 
associated with plague. It is caused by a gram-negative coccobacillus, Francisella tularensis. 
Because inhalation would be the likely exposure route in a bioterrorism attack, an acute 
pneumonia-like syndrome would be the expected presentation. In naturally occurring infections, 
exposure can occur through ingestion of contaminated food (oropharyngeal tularemia) or through 
insect-vector bites (oculoglandular fever). There is no person-to-person transmission. 
Recommended treatment is streptomycin (or gentamicin), doxycycline, or ciprofloxacin. 
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Viral Hemorrhagic Fever 


Viral hemorrhagic fever refers to a group of illnesses (for example, Marburg fever or Ebola 
fever) caused by several distinct families of RNA viruses residing in animal reservoirs. In all 
patients, severe multisystem failure, coagulopathy, and hemorrhage develop. Treatment is 
supportive. An effective public health response would require recognition of a cluster of cases, 
specialized diagnostic testing in public health laboratories, and isolation of patients with 
suspected disease to avoid person-to-person dissemination. 
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Travel Medicine 


Introduction 
Malaria 

Typhoid Fever 
Traveler’s Diarrhea 


Dengue Virus Infection 


e Hepatitis A Virus Infection 

e Rickettsial Diseases 

e Fungal Infections 

e Risks of Commercial Travel—Related Infection 
Key Points 


Malaria prevention includes staying in screened areas from dusk to dawn; sleeping with 
bed netting, preferably permethrin treated; using effective insect repellents; and 
chemoprophylaxis when traveling to endemic areas. 

Malarial infection with Plasmodium falciparum species is potentially fatal and is always 
considered an emergency. 


e Typhoid fever is characterized by fever, constitutional symptoms, and, possibly, 
abdominal pain, cough, and chills, 1 to 3 weeks after ingestion of contaminated food or 
water; diarrhea often occurs with disease progression. 

e Treatment of typhoid fever may include a third-generation cephalosporin, a 
fluoroquinolone antibiotic, or azithromycin; however, fluoroquinolone resistance is 
increasing. 

e To avoid traveler’s diarrhea, travelers should ensure unpeeled fresh fruits and vegetables 
are avoided, and ice made with local water is avoided. 

e Untreated traveler’s diarrhea usually resolves in 3 to 5 days, but treatment can improve 
symptoms and shorten the course. 

e Fever, severe myalgia, and retro-orbital pain are characteristic of, but not specific for, 
dengue fever. 

e Mosquito avoidance with insect repellent and use of screens is the primary preventive 
approach for dengue. 

e Any traveler who has not had hepatitis A virus infection should be immunized at least 2 
to 4 weeks before traveling to an endemic area. 

e Rickettsial diseases can be distinguished from illnesses with similar presentations by the 
presence of the eschar and the rash. 

e Penicillium marneffei is a cause of disease in AIDS-infected patients in Southeast Asia. 

e The risk of acquiring infection on commercial transportation is very low. 
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Introduction 


The evaluation of an ill returning traveler often seems formidable because of the many diseases 
in the developing parts of the world with which Western physicians lack familiarity. However, 
most patients are likely to have one of only a few diagnoses (Table 26). 


Table 26. Most Common Diagnoses in the Febrile Traveler 
Returning from a Developing Country 


Short Incubation Period*” 
Malaria 

Typhoid fever 

Dengue 

Rickettsial disease 
Hepatitis A 

Long Incubation Period“* 
Malaria 

Tuberculosis 


“It is not always possible to estimate the incubation period in a person who has been abroad for 
an extended period. 


b 
Two weeks or less. 


“Greater than 4 weeks. 
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Malaria 


Malaria is largely preventable through mosquito avoidance and chemoprophylaxis. Mosquito 
avoidance includes staying in screened areas from dusk to dawn when the female Anopheline 
mosquito does most of its biting; sleeping with bed netting, preferably permethrin treated; and 
using effective insect repellents. Insect repellents containing about 30% DEET (N,N-diethyl-3- 
methylbenzamide) are considered the most effective. Table 27 lists types of malaria 
chemoprophylaxis. 


Although its incubation period can be as short as 10 days, malaria in 5% of patients can present 
after 1 year, and in rare cases, may not become evident for many years after return from travel. 
Any traveler returning from a malaria-endemic area in the past year with febrile illness should 
undergo malaria evaluation. 


Most travelers do not have malaria’s characteristic cyclical fevers, are not anemic, and do not 
have splenomegaly or other suggestive physical findings, but up to 25% have prominent 
gastrointestinal symptoms. Thick and thin peripheral blood smear for malaria parasites continues 
to be the most common way to diagnose and speciate malaria. Six to eight negative smears 
obtained over 48 hours effectively exclude the diagnosis. 


Once a diagnosis of malaria is established, determining whether the infecting organism is 
Plasmodium falciparum or one of the other three main species (Plasmodium vivax, Plasmodium 
ovale, and Plasmodium malariae) that infect humans is appropriate. This step is important 
because infections with P. falciparum are potentially fatal and are always considered 
emergencies. Clues to diagnosing P. falciparum are listed in Table 28. Plasmodium knowlesi, 
the malaria of the macaque monkeys in Southeast Asia, has recently been shown to infect 
humans. Peripheral blood smear findings of P. knowlesi and P. malariae are similar, but P. 
knowlesi is associated with a much more virulent course than is P. malariae. 


Table 27. Chemoprophylaxis for Malaria 


Travel to Areas of the World Where There Is No Resistant Plasmodium falciparum” 


Drug Dosing Side Effects Notes 


Information 


Chloroquine phosphate Begin therapy the Minimal toxicity when taken 

(500 mg daily) or week before for malaria prophylaxis 

hydroxychloroquine travel; take includes gastrointestinal upset 

sulfate (400 mg daily) weekly and for4 and pruritus 
weeks after 
leaving a malaria- 
endemic area 

Travel to Areas of the World Where There Is Known Resistant Plasmodium falciparum” 
Drug Dosing Side Effects Notes 
Information 

Mefloquine (250 mg Begin 2 weeks Potential concerns regarding Moderately 

daily) prior to neuropsychiatric side effects, | expensive; 
departure; take including seizures and sleep mefloquine 
weekly and for 4 disturbances (although, when resistance has been 


weeks after studied, these seem to be no reported in Africa 

leaving a malaria- more common than with and at the border 

endemic area chloroquine). Prolongs QT between Thailand 
intervals and should not be and Cambodia 


used in persons with known 
cardiac conduction 


abnormalities" 
Doxycycline (100 mg Begin 1 day prior Gastrointestinal side effects, Least expensive 
daily) to departure; take photosensitivity rash, vaginitis antimalarial agent; 
daily and for 1 contraindicated in 
month after pregnancy 


leaving a malaria- 
endemic area 


Atovaquone and Begin 1 day prior Gastrointestinal side effects Most expensive 
proguanil in a fixed- to departure; take and rash antimalarial agent 
dose combination daily and for 1 


week after return 


“Areas of the world that are still considered to have chloroquine-sensitive P. falciparum include 
the Dominican Republic, Haiti, Mexico, Central America west of the Panama Canal Zone, and 
the Middle East. 


These drugs are not predictably active against the hypnozoites in the liver of P. vivax and P. 
ovale. Terminal prophylaxis with primaquine should be considered. Alternatively, one could wait 
and only treat if clinical disease develops. 


“Travelers to the Thailand-Cambodian border region should take doxycycline or atovaquone and 
proguanil owing to mefloquine resistance in that region of the world. 


“Although not proven riskier than other options, the manufacturer has added a warning to avoid 
use in persons with active or a history of severe psychiatric disturbances or seizures or with 
known cardiac conduction abnormalities. 


Table 28. Clues to the Diagnosis of Plasmodium falciparum 
Infection 


Epidemiology 
If malaria is acquired in Africa, the likelihood that it is Plasmodium falciparum is at least 3:1 


P. falciparum infections have a clinical onset beyond 2 months after exposure in only 5% of 
cases; therefore, patients with symptoms lasting beyond 2 months after return from travel are 
unlikely to have P. falciparum infection 


Peripheral Blood Smear Findings Likely for P. falciparum Infection 
Level of parasitemia is >2% 

Only ring forms are present 

Banana-shaped gametocytes are seen 

Erythrocytes of all sizes are infected 

Numerous multiply infected erythrocytes are seen 

Erythrocytes contain no Schiiffner granules 
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Typhoid Fever 


Patients with typhoid fever typically present with a nonspecific syndrome of fever and 
constitutional symptoms | to 3 weeks after ingestion of contaminated food or water. Abdominal 
pain, cough, and chills may also occur. Diarrhea is not common initially but often develops with 
disease progression. The diagnosis is established by identifying the organism in blood, urine, 
stool, or, occasionally, bone marrow. Treatment may include a third-generation cephalosporin, a 
fluoroquinolone antibiotic, or azithromycin. Resistance to the fluoroquinolones is increasing. 
Relapses may occur 2 to 3 weeks after treatment in up to 5% of patients. 
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Traveler’s Diarrhea 


Traveler’s diarrhea occurs in about 50% of persons traveling to developing parts of the world. It 
is generally mild but can result in several days of unpleasant symptoms. Patients can decrease the 


risk of developing traveler’s diarrhea through careful attention to food and drink consumption, 
water purification, and medications. Unpeeled fresh fruits and vegetables should be avoided. Ice 
made with local water should be avoided. Adding alcohol to local water will not result in a high 
enough concentration of alcohol to render the water safe. Carbonated water is safe as are drinks 
prepared with boiled water. For travelers to very remote areas, local water can be made bacteria 
safe by adding sodium hypochlorite (2 drops/1.89 L [2 quarts]) or tincture of iodine (5 
drops/0.95 L [1 quart]) to the water and then waiting for 30 minutes before consumption. 
However, protozoan parasites, such as Giardia and Cryptosporidium, are relatively resistant to 
halogens; they can be removed with the use of any commercially available water filter. 


Prophylactic medications for traveler’s diarrhea generally are not recommended. However, 
prophylactic medications including trimethoprim-sulfamethoxazole, doxycycline, the 
fluoroquinolones, and rifaximin may be considered for patients in high-risk settings such as those 
with underlying inflammatory bowel syndrome; bismuth subsalicylate in large doses may also 
have some benefit. Probiotic agents are not recommended. Table 29 lists antibiotics used in the 
treatment of traveler’s diarrhea. Antimotility agents can decrease symptoms but should be used 
with caution in patients with high fever and blood or mucus in the stool because they may 
exacerbate disease caused by the more invasive pathogens. Untreated traveler’s diarrhea usually 
resolves in 3 to 5 days, but treatment can improve symptoms and shorten the course. 


Table 29. Agents for the Treatment of Traveler’s Diarrhea 


Drug Dosage 
Ciprofloxacin 500 mg, twice daily for 3 days* 
Norfloxacin 400 mg, twice daily for 3 days* 
Levofloxacin 500 mg, once daily for 3 days* 
Azithromycin 1000 mg as a single dose 
Rifaximin 200 mg, three times daily for 3 days 


“A single dose may be effective, and treatment can be stopped if symptoms have resolved in 24 
hours. 
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Dengue Virus Infection 


Four serotypes of a flavivirus cause dengue. The primary vector is the Aedes mosquito, which is 
found in much of the world. Most affected patients experience a self-limited febrile illness. 
Symptoms of fever, severe myalgia, and retro-orbital pain are characteristic of, but not specific 
for, dengue fever. Dengue shock syndrome and dengue hemorrhagic fever occur in patients in 


whom a second infection develops in a person who was previously infected with a different 
serotype. 


The Aedes mosquito is active during the daytime; consequently, bed netting is of limited value. 
There is no effective vaccine for dengue; therefore, mosquito avoidance with insect repellent and 
use of screens is the primary preventive approach. There is no specific treatment for dengue. 
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Hepatitis A Virus Infection 


Hepatitis A virus infection occurs throughout the world, but the risks of acquiring it are increased 
in developing countries. This infection is transmitted through fecal contamination of food and 
drink. Any traveler who has not had hepatitis A virus infection or hepatitis A immunization is at 
risk for acquiring this disease. At-risk travelers should be immunized at least 2 to 4 weeks before 
traveling to an endemic area. A single dose of vaccine results in virtually 100% protection by 4 
weeks after inoculation; immune globulin is no longer recommended for travelers. A second 
dose administered at least 6 months after the initial dose results in antibody titers likely to last 
many decades. The treatment for hepatitis A virus infection is supportive; no antiviral medication 
is available. 
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Rickettsial Diseases 


Rickettsial diseases are tick transmitted, occur throughout the world, and are typically named for 
the geographic region. For example, African tick bite fever occurs in sub-Saharan Africa, and 
Mediterranean tick bite fever occurs in northern Africa and the Middle East. All are 
characterized by headache, fever, myalgia, and often, a truncal maculopapular or vesicular rash. 
The clinical clue is the presence of an eschar that occurs at the site of the tick bite. This illness is 
self-limited, but treatment with doxycycline is recommended. 
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Fungal Infections 


The association of coccidioidomycosis with travel to the arid areas of the Southwest United 
States is well known. However, this organism is also endemic to other arid areas in the Western 
hemisphere, particularly Mexico and parts of South America. Similarly, histoplasmosis occurs in 
the Ohio River valley, but endemicity of this fungus in Mexico and Central America is also a 
consideration for travelers returning from those destinations. Penicillium marneffei is endemic to 
Southeast Asia, parts of China, Hong Kong, and Taiwan. Disseminated infection with this 


organism is occurring increasingly in immunosuppressed patients, especially those infected with 
AIDS. 
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Risks of Commercial Travel—Related Infection 


The risks associated with commercial travel remain low. Owing to environmental control 
measures on commercial aircraft, risk for dissemination of infectious disease is minimal to 
persons other than those sitting close to an index patient. The World Health Organization 
reviewed information on 35 flights on which a patient with symptomatic severe acute respiratory 
syndrome (SARS) had been onboard. Only four cases appeared to be associated with possible 
transmission. 


Aircraft transmission of tuberculosis may occur, but, like SARS, the risk for transmission is very 
small and is related to proximity to the index patient. 


Aircraft have been a great concern as a potential vector for the global spread of influenza. 
However, the actual transmission of influenza infection during flight is much less of a health 
concern. 


Cruise ships have also been associated with outbreaks of diseases, particularly Legionnaires 
disease and norovirus. As with land-related outbreaks, those occurring aboard ship have also 
been associated with contaminated water sources. Owing to prolonged exposure on cruises, it is 
not surprising that influenza outbreaks also occur in this setting. 
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Infectious Diarrhea 


Introduction 
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Giardiasis 
Cryptosporidiosis 


Clostridium difficile Infection 


Key Points 


Campylobacter infection usually results from eating raw or undercooked poultry, 
drinking infected raw milk, or ingesting any food contaminated with these bacteria. 
Most patients with Campylobacter infection recover without treatment. 

Reactive arthritis and Guillain-Barré syndrome may develop after Campylobacter 
infections. 

Enterohemorrhagic Escherichia coli, also known as Shiga toxin—producing E. coli, 
causes a hemorrhagic colitis. 

In the United States, most Shiga toxin—producing Escherichia coli infections are due to 
the E. coli O157:H7 strain. 

Treatment of Shiga toxin—producing Escherichia coli infections is generally supportive. 
Hemolytic uremic syndrome is an occasional complication of Shiga toxin—producing 
Escherichia coli infection. 

In the United States, Shigella infection causes a classic dysentery syndrome mostly in 
children, particularly in day-care centers. 

Although Shigella infection is self-limited in most patients, treatment for all patients is 
recommended to decrease the risk of spread to others. 

Salmonellae are associated with animal reservoirs, especially poultry and eggs, but have 
also been transmitted to children following handling of pet reptiles. 

Salmonella gastroenteritis is clinically indistinguishable from gastroenteritis caused by 
other pathogens. 

No antibiotic treatment is required for most healthy persons between 2 and 50 years of 
age who develop Salmonella gastroenteritis. 

Fluoroquinolones are first-line agents for patients with Salmonella gastroenteritis who 
require treatment. 


e No specific treatment is needed for norovirus gastroenteritis because recovery usually 
occurs within 72 hours. 

e Inthe United States, the parasites Giardia and Cryptosporidium are the two most 
common infectious entities causing chronic diarrhea. 

e Up to 30% of patients with acute symptomatic giardiasis develop a chronic infection 
associated with malabsorption and significant weight loss. 

e Metronidazole is most commonly used to treat adults with giardiasis. 

e Immunocompetent patients with cryptosporidiosis typically develop diarrhea, malaise, 
anorexia, and crampy abdominal pain that can last up to 2 weeks, whereas 
immunocompromised hosts may have prolonged diarrhea lasting more than 1 month that 
is often associated with significant weight loss and wasting. 

e Immunocompetent patients with cryptosporidiosis generally do not require treatment; 
immunocompromised patients with HIV infection require initiation of highly active 
antiretroviral therapy to induce immune reconstitution. 

e Clostridium difficile is a spore-forming bacillus that is the most common cause of acute 
care hospital-acquired diarrhea, accounting for 15% to 30% of all cases of antibiotic- 
associated diarrhea. 

e The most widely recognized risk factor for development of Clostridium difficile infection 
is disruption of predominantly anaerobic intestinal flora by antibiotics, which can occur 
weeks to months after antibiotic exposure. 

e Laboratory studies for detection of Clostridium difficile organisms include enzyme-linked 
immunosorbent assay for toxins, stool culture, cell cytotoxicity assays, and polymerase 
chain reaction. 

e Newer evidence suggests that vancomycin may be more effective than metronidazole in 
treating Clostridium difficile infection, and this difference is most important in patients 
with severe disease. 

e A first recurrence of Clostridium difficile infection is treated in the same way as the 
initial episode, based on disease severity. 

e Prolonged courses of vancomycin with tapering or pulse doses at the end of treatment can 
be used for treating second and later recurrences of Clostridium difficile infection. 

e Environmental cleaning with sodium hypochlorite (bleach) solutions decreases 
Clostridium difficile surface contamination and is associated with a significant reduction 
in these organisms. 

e Hand washing is the most effective way to remove Clostridium difficile spores from 
health care workers’ hands. 
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Introduction 


Diarrhea is an important cause of morbidity and mortality in the United States and worldwide. 
Infections are usually due to bacteria, viruses, or parasites (see MKSAP 15 Gastroenterology and 


Hepatology). 
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Campylobacter Infection 

Campylobacter species are small gram-negative bacteria that are a major cause of acute 
infectious diarrhea. Campylobacter jejuni and Campylobacter coli are the two most common 
species involved in human disease and are often resistant to fluoroquinolone antibiotics. 
Human infection usually results from eating raw or undercooked poultry, drinking infected raw 


milk, or ingesting any food contaminated with these organisms. 
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Diagnosis 

Campylobacter infection is indistinguishable from many other bacterial causes of diarrhea. Most 
patients develop abdominal pain and diarrhea 3 to 7 days after becoming infected, and some have 
a brief febrile prodrome. The diarrhea is watery, can be bloody, and may cause 10 to 14 bowel 


movements per day. Diagnosis is established by stool culture. 


A reactive arthritis or Guillain-Barré syndrome may occur after Campylobacter infection. 
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Treatment and Prevention 


Campylobacter infection usually resolves in less than 1 week without treatment. Antibiotics 
should be considered for patients who are severely ill, immunocompromised, pregnant, or 
elderly. Macrolide agents such as erythromycin are considered first-line therapy in the United 
States. 


Proper cooking of chicken and other meat products is the most effective prevention. Avoiding 


cross-contamination of cutting boards and knives when handling chicken and other foods is also 
very important. 
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Escherichia coli Infection 


Enteropathogenic Escherichia coli (EPEC) causes diarrheal outbreaks in neonatal nurseries. 
Enteroinvasive E. coli (ELEC) induces an illness very similar to Shigella infection. 


Enterotoxigenic E. coli (ETEC) and enteroaggregative E. coli (EAEC) are common pathogens 
associated with traveler’s diarrhea (see Travel Medicine) and can cause chronic diarrhea in 
children in developing countries. Entero-hemorrhagic E. coli (EHEC), also known as Shiga 
toxin—producing E. coli (STEC), causes a hemorrhagic colitis and is associated with the 
hemolytic uremic syndrome (HUS) (see MKSAP 15 Nephrology and Hematology and 
Oncology). In the United States, most STEC infections are due to the E. coli 0157:H7 strain. 


E. coli O157:H7 colonizes the gut of cattle. Beef becomes contaminated during slaughtering and 
processing. Several outbreaks have been associated with prewashed and bagged lettuce, 
unpasteurized apple juice and milk, lakes and wading pools, and petting zoos. E. coli O157:H7 is 
a low-dose pathogen (<100 organisms are needed to cause an infection). 
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Diagnosis 


STEC infection must be considered in the differential diagnosis of bloody diarrhea but is often 
difficult to distinguish from other causes (Table 30). 


Once the diagnosis is suspected, the microbiology laboratory must be notified to test stool 
culture samples on sorbitol-MacConkey agar. 


Table 30. Differential Diagnosis of Bloody Diarrhea 


Disease or Organism Comments 
Shigella species and Two most common causes of bloody diarrhea in the United 
Campylobacter species States 


Usually occur in adults 
Usually occur as isolated cases rather than outbreaks 
Usually associated with fever 


Shiga toxin—producing Usually occurs in children 

Escherichia coli O157:H7 Usually occurs as outbreaks rather than isolated cases 
Not associated with fever 

Entamoeba histolytica Causes abdominal pain, diarrhea, and bloody stools 
Occurs in travelers to endemic areas 

Vibrio parahaemolyticus Caused by consumption of raw or undercooked shellfish and 
oysters 


Organisms most common in coastal waters of the Gulf Coast or 
Southeast Asia 


Causes bloody diarrhea in 15% of patients 
Aeromonas species Organisms found in fresh and brackish water 


Occasionally causes bloody diarrhea 
Clostridium difficile Often hospital associated 
Often follows course of antibiotics 


Typically presents with watery diarrhea, occult colonic 
bleeding, abdominal pain, low-grade fever, and leukocytosis 


Inflammatory bowel disease Can cause chronic bloody diarrhea and abdominal pain 
May cause fistula formation 
Associated with extraintestinal manifestations 
May present as a fever of unknown origin 
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Treatment and Prevention 


Treatment is supportive. Antimotility agents should be avoided. Antibiotics are generally not 
needed. A randomized, prospective, controlled trial did not substantiate an association between 
antibiotic use and subsequent development of HUS or a decrease in duration of gastrointestinal 
symptoms, contrary to earlier studies. 


Proper cooking of food is critical to prevent disease dissemination. Prevention also includes 
regulatory standards to decrease fecal soilage of meat at slaughter houses as well as earlier 
recognition of outbreaks. 


PreviousNext 


Shigella Infection 


Shigella causes illness characterized by fever; abdominal cramping; and small-volume, mucoid, 
bloody diarrhea. Signs and symptoms usually develop several days after exposure. In the United 
States, the disease develops mostly in children, particularly those in day-care centers. In 
developing countries, Shigella infection occurs in areas of overcrowding and poor sanitation. 
Because only a few organisms are needed to cause disease, Shigella is easily transmitted from 
person to person. 
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Diagnosis 


The diagnosis should be considered in anyone presenting with the signs and symptoms described 
above. Once suspected, the diagnosis is readily established by routine stool culture. Local and 
systemic complications are rare but may include HUS syndrome. 
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Treatment and Prevention 


Shigella infection usually lasts about | week and is self-limited in most patients. However, 
treatment is recommended for all patients to decrease transmission risk. In adults, empiric 
antibiotic therapy is started with a fluoroquinolone for 5 days. When needed, oral rehydration is 
usually sufficient, but intravenous hydration may be required. 


Strict hand washing is essential to limit disease spread. In the hospital environment, contact 
precautions for all enteric infections are required. 
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Salmonella Infection 


Salmonella typhi and Salmonella paratyphi are the causative agents of typhoid fever, which is a 
worldwide health problem. The disease rarely occurs in the United States except in travelers 
returning from endemic areas. In contrast, nontyphoidal salmonellae are frequent causes of 
gastroenteritis in the United States. These organisms are associated with animal reservoirs, 
particularly poultry and eggs, that cause foodborne outbreaks. Transmission may also occur in 
children who handle pet reptiles, such as turtles, snakes, lizards, and iguanas. 
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Diagnosis 


Salmonella gastroenteritis is clinically indistinguishable from gastroenteritis caused by other 
pathogens. Characteristic findings are nausea, vomiting, diarrhea, and cramping abdominal pain 
beginning 8 to 72 hours after exposure. Diagnosis is made by routine stool culture, although 
samples can take up to 72 hours to become positive. 


Approximately 5% of patients with Salmonella gastroenteritis may develop invasive disease and 
extraintestinal manifestations, such as bacteremia, endovascular infections, endocarditis, and 
osteomyelitis. Blood cultures are usually positive in these patients. Infants younger than 1 year of 
age and the elderly are at greatest risk for complications. Salmonellae also have a predilection for 
aortic plaque, other endovascular foci, and bone prostheses and can cause infection at these sites. 
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Treatment and Prevention 


The decision to treat a patient with nontyphoidal Salmonella gastroenteritis is based on several 
factors. Because the disease is usually self-limited and resolves in less than 1 week, antibiotic 
treatment is not required for most healthy persons between 2 and 50 years of age. 


Treatment is indicated for (1) immunocompetent patients younger than 2 years or older than 50 
years because of the increased incidence of complications in these age groups; (2) 
immunocompetent patients of any age with severe infection requiring hospitalization; (3) 
immunocompetent patients of any age with known or suspected atherosclerotic plaques and 
endovascular or bone prostheses because of possible seeding of these areas during a bloodstream 
infection; and (4) immunocompromised patients of any age, such as patients with HIV infection 
or those receiving corticosteroids or other immunosuppressive agents. 


Immunocompetent patients who require treatment should receive antibiotics for 7 to 10 days 
because of the possibility of a bloodstream infection. 


The duration of therapy for immunocompromised patients is usually a minimum of 2 weeks and 
frequently ranges from 4 to 6 weeks because of the higher incidence of relapse in this population. 


Oral fluoroquinolones are first-line therapy. Susceptibility testing should be performed and the 
choice of antibiotics modified if necessary. Because asymptomatic shedding of salmonellae 
occurs in the stool for several weeks, even after appropriate antibiotic therapy, follow-up stool 
cultures are not recommended for most immunocompetent patients. 


Infected food handlers and health care workers should remain at home until they are 
asymptomatic. Negative stool cultures are often required for these individuals. Good general 
hygiene and meticulous hand washing are essential to decrease disease spread. 
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Viral Gastroenteritis 


Acute gastroenteritis is very common, and viruses are the most frequent cause. Rotavirus is the 
most serious cause of viral gastroenteritis in infants and young children, followed by enteric 
adenovirus and astrovirus. 


Norovirus affects all age groups. It is the most common cause of pathogen-induced 
gastroenteritis. Norovirus is transmitted by the fecal-oral route. Because only 10 to 100 
organisms are required to cause infection, norovirus is highly contagious and has been associated 
with epidemic outbreaks in numerous settings. Most food-related illnesses are due to norovirus. 
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Diagnosis 


Characteristic findings include the abrupt onset of vomiting and diarrhea. Vomiting is usually the 
predominant symptom and is frequently associated with fever, abdominal discomfort, and 
headache. Symptoms typically begin 24 hours after exposure and can last 48 to 72 hours. The 
diagnosis is usually presumptive and is based on clinical findings and stool cultures that are 
negative for bacteria. If needed, the diagnosis can be confirmed by polymerase chain reaction. 
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Treatment and Prevention 


No specific antiviral therapy is needed because recovery usually occurs within 72 hours. 
However, immunity is short lived, and reinfection may develop. Preventive measures include 
meticulous hand washing; careful disposal of items contaminated with viral-impregnated feces, 
such as soiled diapers; and identification of contaminated food and water supplies. 
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Giardiasis 


In the United States, the two most common infectious causes of chronic diarrhea are the parasites 
Giardia and Cryptosporidium. Giardiasis is caused by Giardia lamblia, which exists in two 
forms: an infectious cyst that lives in the environment and a trophozoite that attaches to the small 
bowel and is responsible for the symptoms. Most infections occur in children and develop most 
often in day-care centers where child hygiene is poor. In addition, waterborne transmission is a 
major cause of the epidemic spread of the disease. Cysts can live in lakes, streams, and 
municipal water supplies and are relatively resistant to chlorination. 
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Diagnosis 


Less than 50% of infected patients develop symptoms, which are generally acute and self-limited 
and include foul-smelling, fatty stools; abdominal cramps; and nausea. Symptoms often last 2 to 
4 weeks, and up to one third of patients will develop a chronic infection. Malabsorption may also 
occur and result in significant weight loss. The protracted illness and weight loss help distinguish 
giardiasis from other causes of gastroenteritis. Lactose deficiency is also very common and can 


persist for months after an acute infection and may be confused with disease relapse or failure of 
the infection to clear after appropriate antibiotic therapy. 


The diagnosis is established by finding Giardia ova and parasites in the stool. Several stool 
samples are needed because the organism is excreted only intermittently. Immune assays of stool 
are greater than 90% sensitive and 95% specific for detecting Giardia. 
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Treatment and Prevention 


All symptomatic patients should be treated. Treatment may also be indicated for asymptomatic 
patients, especially children in day-care centers, to decrease the spread of infection to others and 
decrease the risk of reinfection. Several treatment regimens are available. Metronidazole for 5 
days is most often used for adults. 


In travelers to endemic areas, disease can be prevented by boiling water or using iodine-treated 
water or water filtration systems. Hand washing is essential to decrease person-to-person spread. 
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Cryptosporidiosis 


Infection is spread from person to person or from a contaminated water source. Numerous 
community outbreaks have been associated with drinking water, swimming pools, and water 
parks. The organisms are resistant to chlorine disinfectants and are not effectively removed by 
many water filtration systems. 
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Diagnosis 


An immunocompetent person who develops cryptosporidiosis typically experiences diarrhea, 
malaise, anorexia, and crampy abdominal pain that can last up to 2 weeks. Immunocompromised 
hosts, such as those with HIV infection and a CD4 cell count less than 100/uL, may have 
prolonged diarrhea lasting more than 1 month that is often associated with significant weight loss 
and wasting. Biliary disease, including acalculous cholecystitis and sclerosing cholangitis, may 
develop in patients with HIV infection and concomitant cryptosporidiosis. Chronic 
cryptosporidiosis is associated with decreased survival in this patient population. 


Routine stool examination for ova and parasites does not detect Cryptosporidium spores. The 
microbiology laboratory should therefore be notified of the suspected diagnosis so that acid-fast 


stains can be performed. Enzyme-linked immunosorbent assays of stool using monoclonal 
antibodies against the oocyst are extremely sensitive and specific for Cryptosporidium. 
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Treatment and Prevention 


Treatment depends on the immune status of the host. Inmunocompetent patients generally 
require no specific therapy because the disease is self-limited. If symptoms persist beyond 
several weeks, a course of nitazoxanide can be tried because it has been shown to hasten 
symptom resolution and clear oocysts from the stool. Inmunocompromised patients, such as 
those with HIV infection, respond poorly to nitazoxanide, paromomycin, trimethoprim- 
sulfamethoxazole, and metronidazole. For these patients, initiation of highly active antiretroviral 
therapy to induce immune reconstitution is critical for controlling the cysts. 


Proper hygiene is essential to decrease person-to-person spread of Cryptosporidium. Boiling or 
filtering of tap water may decrease the incidence of infection in immunocompromised hosts but 
is not routinely recommended. Persons who are immunocompromised should also limit time in 
public swimming pools, water parks, and lakes. 
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Clostridium difficile Infection 


Clostridium difficile infection is an inflammatory condition of the colon caused by the ingestion 
of this spore-forming, anaerobic, gram-positive bacillus. The inflammatory response is 
secondary to toxin-induced cytokines (toxins A and B) in the colon. Findings can range from 
watery diarrhea to ileus and life-threatening conditions such as toxic megacolon, perforation, or 
sepsis. C. difficile infection has recently been associated with increased mortality. 
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Epidemiology 


C. difficile is the most common cause of acute care hospital-acquired diarrhea and accounts for 
15% to 30% of all cases of antibiotic-associated diarrhea. The organism is ubiquitous in the 
general environment, but hospitals are the major reservoir for this pathogen. Spores can survive 
for months on hospital surfaces, and typical hospital cleaning products do not have sporicidal 
activity. 


The reported incidence of C. difficile infection has increased over the past 8 years. This increase 
closely parallels the emergence of a virulent C. difficile strain, identified as BI, NAP1, and 


toxinotype III and ribotype 027 by various typing methods. Recent epidemic BI/NAP1 isolates 
have been found to hyperproduce toxins A and B in vitro. These isolates are also more likely to 
be resistant to fluoroquinolones. 


PreviousNext 


Risk Factors 


The most widely recognized risk factor for development of C. difficile infection is disruption of 
predominantly anaerobic intestinal flora by antibiotics, which can occur weeks to months after 
antibiotic exposure. Almost all classes of antibiotics have been associated with infection, 
including the fluoroquinolones. 


The likelihood that hospitalized patients will ingest C. difficile spores is increased by proximity 
to an infected roommate and a prolonged hospital stay. Elderly and immunocompromised 
patients are more likely to develop infection. In patients of all ages, additional risk factors 
include disruption of intestinal mucosa due to chemotherapy, decreased gastric acidity caused by 
proton pump inhibitors and H2 blockers, repeated enemas, prolonged nasogastric tube insertion, 
and gastrointestinal surgery. 
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Diagnosis 


Several clinical features are consistent with C. difficile infection, including frequent watery 
stools and abdominal cramping. Systemic findings, such as fever and leukocytosis, are usually 
absent in patients with mild disease. Colitis may develop and is associated with fever, cramps, 
leukocytosis, and fecal leukocytes. Colitis is documented by colonoscopy (showing 
pseudomembranes) or CT (showing colonic-wall thickening). Severe disease may cause paralytic 
ileus with cessation of diarrhea and development of toxic megacolon. Renal failure and shock 
may also occur. 


A definitive diagnosis requires laboratory identification of C. difficile toxin in a stool sample or 
visualization of pseudomembranes. Several diagnostic methods are available to detect the toxin 
(Table 31). 


Laboratory testing is recommended for patients older than 1 year who have symptoms consistent 
with C. difficile infection and a recent history of antibiotic use. The method used will likely 
depend on the availability of tests in a given laboratory. If the test is associated with low 
sensitivity or long turnaround time, empiric treatment is recommended for patients with clinical 
findings consistent with C. difficile infection. 


Table 31. Stool Tests for Diagnosis of Clostridium difficile 


Infection 


Test 
Cytotoxin assay 


Toxin enzyme 
immunoassay 


Glutamate 
dehydrogenase 
enzyme 
immunoassay 


Culture 


Batched real-time 
(RT) PCR 


On-demand real- 
time (RT) PCR 


Detects 
Primarily toxin B 


Toxin A or A and B 


Bacterial enzyme 
(glutamate 
dehydrogenase) 


Toxigenic and 
nontoxigenic C. 
difficile 


tcdB (toxin) 


tcdB, (toxin), tedC 


deletion, and binary 
toxin (outbreak strain) 


PCR = polymerase chain reaction. 


Advantages 
Standard; highly 


sensitive and specific 


Fast (2-6 h); easy to 


perform; high 
specificity 
Fast (<1 h); 


inexpensive; easy to 


Disadvantages 


Requires tissue culture 
facility; labor intensive; 
results take 24-48 h 


Not as sensitive as the 
cytotoxin assay 


Poor specificity; toxin 
testing required to verify 


perform; very sensitive diagnosis 


Most sensitive; allows Requires anaerobic culture; 


strain typing in 
epidemics 


Good sensitivity and 


specificity 


Rapid (<1 h); requires 


less than 2 min of 


preparation; highly 
sensitive and specific 


labor intensive; not specific 
for toxin-producing bacteria; 
results take 2-5 days 


Labor intensive; typically 
run in batches (1 daily); 
expensive; not yet 
commercially available 
Expensive; not yet 
commercially available 


Reprinted with permission from Kelly CP, LaMont JT. Clostridium difficile infection. Annu Rev 
Med. 1998;49:375-390. [PMID: 9509270] Copyright 1998, Annual Reviews Inc. 
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Treatment 


The first step in treating C. difficile infection is to discontinue the offending antibiotic if possible. 
Before 2000, metronidazole and vancomycin were considered to have comparable efficacy and 
relapse rates. Given the higher cost of oral vancomycin and the theoretical concern about the 
development of vancomycin-resistant enterococci after exposure to enteral vancomycin, oral (or 


intravenous) metronidazole was generally the preferred initial agent for patients with mild or 
moderate C. difficile infection. Newer evidence suggests that vancomycin may be more effective 
than metronidazole, and this difference is most important in patients with severe disease. 
Metronidazole is now used in patients with mild to moderate C. difficile infection and in those 
who cannot receive enteral treatment. It is contraindicated in pregnancy. About 20% of patients 
with C. difficile infection develop a relapse after initial treatment, which is a function of ecologic 
derangement of colon flora and not resistance to either of these agents. Of these, 45% have a 
single recurrence, and up to 55% experience two or more repeat episodes. Antibiotic resistance 
does not appear to be associated with recurrent infection (Table 32). 


A first recurrence is treated in the same way as the initial episode, based on disease severity. 
Metronidazole should be limited to treatment of a first recurrence and for a maximum of 28 days 
over two treatment courses. Prolonged courses of vancomycin with tapering or pulse doses at the 
end of treatment can be used for treating second and later recurrences. Although study 
populations were small, studies reported that a 10- to 14-day course of vancomycin followed by 
tapering or pulse doses of this agent over a 4- to 6-week period was associated with significant 
reductions in multiple relapses. 


Limited, and mostly discouraging, data exist on the available alternative agents, including 
intravenous immune globulin, probiotics such as Saccharomyces boulardii and Lactobacillus 
rhamnosus GG, rifaximin, nitazoxanide, and tolevamer, and rifampin resistance has already been 
detected. A novel alternative therapy is fecal instillation of donor specimens of stool to restore 
bacterial homeostasis. 


Table 32. Treatment for CDI’ 


Initial Treatment Recurrence 
Mild Severe/Normal Severe/Ileus First Subsequent 
Bowel Function Recurrence Recurrences (>2) 
Metronidazole, Vancomycin Vancomycin Treatment with Vancomycin? 


500 mg orally (effective in enteral (effective in enteral the same drug (effective in enteral 
TID for 10-14 d [oral or rectal] form [oral or rectal] form used to treat the [oral or rectal] form 


only), 125 mg only), 125 mg first episode is only), 125 mg 
Vancomycin’, enterally QID for enterally QID for recommended _ enterally QID for 
125 mg orally 10-14d 10-14 d plus 10-14 d, followed 
QID for 10-14 d intravenous by pulse dose over 
Patients with severe metronidazole 4-6 weeks 
infection who do 
not respond to Patients with severe Sequential 
medical treatment infection who do vancomycin 
might require not respond to followed by 
emergent colectomy medical treatment rifaximin 
might require 
emergent Concomitant 


colectomy vancomycin with 


rifampin (resistance 
already described) 


Intravenous 
immune globulin 


Infuse donor stool 


CDI = Clostridium difficile infection. TID = three times daily; QID = four times daily. 


“A systematic review of probiotic efficacy indicated that findings from the current literature do 
not support their use for Clostridium difficile infection. Moreover, the literature is evolving to 
demonstrate that the so-called nonpathogenic strains of the various fungi and bacteria used in the 
currently marketed probiotics have caused numerous cases of Lactobacillus bacteremia and 
Saccharomyces boulardii fungemia in immunocompetent and immunocompromised hosts. 


’Vancomycin alone rather than with metronidazole, in part because of the adverse effects (e.g., 
peripheral neuropathy) resulting from long-term exposure to metronidazole. 


“Vancomycin is typically reserved for patients with severe disease, those who cannot tolerate or 


fail to respond to metronidazole, and pregnant patients (in whom metronidazole is 
contraindicated). Also associated with increased cost and concern about vancomycin resistance. 
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Control of Clostridium difficile Infection 


e Environmental and Health Care Worker Contamination 
e Patient Contamination 
e Other Infection Control Measures 
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Environmental and Health Care Worker Contamination 


Control of C. difficile infection depends on measures to reduce or eliminate environmental 
contamination and effective hygiene to prevent transmission by health care workers (see Health 
Care—Associated Infections for a complete discussion of control of nosocomial infections). C. 
difficile spores are found in 34% to 58% of sites in hospital wards, including on toilets, bathtubs, 
and bed frames. The heaviest contamination is on floors and carpets. Other sources of 
contamination include nurses’ uniforms and other clothing, blood pressure cuffs, thermometers, 


telephones, call buttons, scales, and feeding tube equipment. Only chlorine-based disinfectants 
and high-concentration vaporized hydrogen peroxide are sporicidal. Environmental cleaning with 
sodium hypochlorite (bleach) solutions decreases levels of C. difficile surface contamination and 
is associated with a significant reduction in these organisms. 


Proper hand washing is the most effective prevention. Alcohol-based hand hygiene products do 
not kill spores and are not effective in removing C. difficile from the hands. However, hand 
washing (30 seconds to 2 minutes with soap and water followed by proper hand drying with 
disposable paper towels) is effective for spore removal. 
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Patient Contamination 


Recent studies have found that patients with documented C. difficile infection or asymptomatic 
carriage have high rates of skin contamination (61% to 78%). Even the approximately 19% of 
patients who are noncarriers have skin contamination. Use of chlorhexidine-saturated cloths for 
patient cleansing has been shown to reduce C. difficile spores on patients’ skin and subsequent 
transmission to health care workers’ hands. 
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Other Infection Control Measures 


Preventive measures for control of C. difficile infection include barrier precautions (gloves and 
gown), the use of dedicated equipment, single-use rectal thermometers, and endoscope 
disinfection. Risks to patients can also be decreased by avoiding unnecessary antibiotics and 
other agents that alter intestinal flora (for example, agents that suppress gastric acid). 


Bundles (a group of practices that when performed collectively are more effective than when 
performed individually) have been shown to reduce various hospital-acquired infections. The use 
of a comprehensive C. difficile bundle, consisting of education, increased/early case-finding 
methodologies, expanded infection control measures, a C. difficile management team, and 
targeted antimicrobial management, was associated with rapid and sustainable C. difficile 
control. 
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Infections in Transplant Recipients 


e Introduction 
e Transplantation Antirejection Drugs 


e Posttransplantation Infections in the Immediate Postoperative Period 
e Posttransplantation Infections in the Later Postoperative Period 


Key Points 


e Because antirejection drug effects are so broad, physicians should prescribe new 
medications for transplant recipients with caution. 

e Immunizations for influenza, pneumococci, measles, tetanus, diphtheria, and pertussis are 
all recommended prior to transplantation. 

e Tests to identify past infection with cytomegalovirus, toxoplasmosis, tuberculosis, 
histoplasmosis, Strongyloides, and other latent infections are appropriate before 
transplantation. 

e Within the first 4 weeks postoperatively, the most common infections in transplant 
recipients are the same as those that develop postoperatively in patients who have 
undergone nontransplant-related surgery. 

e Cytomegalovirus (CMV) infection occurs most commonly in the setting of a CMV- 
negative transplant recipient with an organ from a CMV-positive donor. 

e Prophylaxis with ganciclovir, valganciclovir, or high-dose acyclovir is appropriate for 
transplant recipients at risk for cytomegalovirus infection. 

e Epstein-Barr virus infection occurs frequently in transplant recipients and is thought to be 
pathogenic in posttransplantation lymphoproliferative disease. 

e Cytomegalovirus prophylaxis can reduce the risk for posttransplantation 
lymphoproliferative disease. 

e Polyomavirus BK virus infection in kidney transplant recipients may cause BK virus— 
related nephropathy, organ rejection, or ureteral strictures. 

e Pneumocystis pneumonia in transplant recipients is potentially fatal if left untreated; 
however, therapy with trimethoprim-sulfamethoxazole is usually effective when the 
infection is diagnosed and treated early, especially in the absence of other life-threatening 
complications. 

e Candida grown in the urine culture of a kidney transplant recipient should warrant further 
evaluation for organ infection; treatment is required in these patients. 

e Fluconazole is usually effective for the treatment of posttransplantation candidal infection 
in most hospitals except when Candida glabrata, Candida krusei, or other resistant fungi 
are the cause. 


e Aspergillus is a common pathogen in transplant recipients, associated with a high 
mortality rate (>50% in many studies), especially when not treated early and 
aggressively. 

e Evaluation for Strongyloides should be done before transplantation because a state of 
hyperinfestation (the Strongyloides hyperinfection syndrome) may occur during 
immunosuppression, and this syndrome is associated with an extremely high mortality 
rate. 

e Strongyloides carriers should be identified by pretransplantation stool examination or 
serology and are treated with thiabendazole or albendazole for preemptive eradication of 
this organism. 
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Introduction 


Solid organ transplants include those of the kidney, pancreas, liver, heart, lung, and intestine. 
Hematopoietic cells derived from bone marrow, peripheral blood, or umbilical cords are also 
used in transplantation to treat hematologic malignancies, inherited and acquired immune 

deficiencies, aplastic anemia, and inherited erythrocyte dyscrasias such as sickle cell anemia. 
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Transplantation Antirejection Drugs 


See Table 33 for a listing of the most commonly used transplantation antirejection medications. 
Generally, transplantation antirejection drugs block lymphocyte functions in various ways, 
blunting the ability of the host to recognize and reject the transplanted organ or cells, while 
simultaneously interfering with normal host defenses against infection. Rejection, infection, and 
adverse drug effects are the three predominant complications of transplantation. 


Important antirejection drug interactions are listed in Table 34. These interactions may alter 
blood levels or otherwise change the effects of the antirejection drugs or may change the 
absorption, clinical effectiveness, or potential toxicities of the additional medications. Because 
antirejection drug effects are so broad, physicians should prescribe new medications for 
transplant recipients with caution. Antibiotics, in particular, are frequently used to treat 
opportunistic and other infections in transplant recipients, and many of these agents have 
profound effects on the antirejection drugs and vice versa. For example, the azoles, the 
antifungal activity of which is mediated through their effects on fungal cytochrome P-450 
enzymes, also affect mammalian cytochrome P-450 enzymes and increase the levels of 
cyclosporine and other medications. This concept has been used to advantage by some transplant 
groups to facilitate smaller doses of the more costly cyclosporine by including the less expensive 
ketoconazole in treatment regimens. 


Several pretransplantation preventive measures minimize the risk of posttransplant infection, 
including immunizations and screening for evidence of various infectious organisms. 
Immunization for influenza, pneumococci, tetanus, diphtheria, and others are all recommended 
(Table 35). Tests to identify dormant infection with cytomegalovirus, toxoplasmosis, 
tuberculosis, histoplasmosis, Strongyloides, and other latent infections, especially in endemic 
areas, are also appropriate. After transplantation, many other prophylactic measures may be 
considered. 


Table 33. The Most Commonly Used Transplantation 
Antirejection Medications 


Calcineurin inhibitors (cyclosporine and tacrolimus) 

Inhibitors of mammalian targets of rapamycin (mTOR) (sirolimus [rapamycin] and everolimus) 
Inhibitors of nucleotide synthesis (mycophenolate mofetil, mizoribine, and leflunomide) 
Antimetabolites (azathioprine) 

Antibodies 

Polyclonal antithymocyte globulin 

Mouse anti-CD3 monoclonal antibody (muromonab CD3) 

Humanized anti-CD52 monoclonal antibody (alemtuzumab) 

Anti-CD20 monoclonal antibody (rituximab) 

Anti-CD25 monoclonal antibody (daclizumab and basiliximab) 

Intravenous immune globulin 

Corticosteroids (prednisone, methylprednisolone, and others) 


mTOR = mammalian target of rapamycin. 


Table 34. Selected Drug Interactions of Transplantation 
Antirejection Medications 


Anti-Rejection Additional Effect of Combination 
Drug Medication 

Cyclosporine Azoles Increased levels of cyclosporine 
Ofloxacin Increased levels of cyclosporine 
Erythromycin Increased levels of cyclosporine 
Aminoglycosides Increased nephrotoxicity 
Sulfonamides Decreased levels of cyclosporine and increased 

nephrotoxicity 

Statins Increased levels of the statin 
Diltiazem Increased levels of cyclosporine 


Rifampin Decreased levels of cyclosporine 


Amphotericin B Increased nephrotoxicity 


St. John’s Wort Decreased levels of cyclosporine 
Sirolimus Azoles Increased levels of sirolimus 

Cyclosporine Increased levels of sirolimus 
Mycophenolate Cholestyramine Decreased levels of mycophenolic acid (active 
mofetil metabolite of mycophenolate mofetil) 

Iron and antacids Decreased levels of mycophenolic acid 
Azathioprine Warfarin Decreased activity of warfarin 

Allopurinol Decreased 6-MP activity 


Table 35. Recommended Vaccinations for Adult Solid Organ 
Transplant Candidates and Recipients 


Vaccine Inactivated/Live Recommended Recommended Monitor 
Attenuated (I/LA) Before After Transplant Vaccine 
Transplant’ Titers 

Influenza, injected I Yes Yes No 
Hepatitis B” I Yes Yes Yes 
Hepatitis A I Yes Yes Yes 
Tetanus I Yes Yes No 
Polio, inactivated I Yes Yes No 
Streptococcus TI Yes Yes Yes 
pneumoniae 
(polysaccharide vaccine 
[Pneumovax®) 
Neisseria meningitidis? I Yes Yes No 
Rabies? I Yes Yes No 
Varicella LA Yes No Yes 
BCG LA Yes No No 
Smallpox? LA No No No 
Anthrax I No No No 


BCG = bacille Calmette-Guérin. 


“Whenever possible, the complete complement of vaccines should be administered before 
transplantation. Vaccines noted to be safe for administration after transplantation may not be 
sufficiently immunogenic after transplantation. Some vaccines, such as the 23-valent 
pneumococcal polysaccharide vaccine (Pneumovax®), should be repeated regularly (every 3-5 
years) after transplantation. 


Routine vaccine schedule recommended prior to transplant and as early as possible in the course 
of disease; vaccine poorly immunogenic after transplantation, and accelerated schedules may be 
less immunogenic. 


“Pneumococcal 23-valent polysaccharide vaccine (Pneumovax®) should be administered before 
transplantation and repeated every 3 to 5 years after initial vaccination. 


“Certain patients (members of the military, travelers to high-risk areas, properdin deficient, 
terminal complement component deficient, those with functional or anatomic asplenia, college 
freshmen living on campus) are candidates for the meningococcal vaccine. 


“Not routinely administered. Recommended for exposures or potential exposures due to vocation 
or avocation. 


'The indications for BCG administration in the United States are limited to instances in which 
exposure to tuberculosis is unavoidable and where measures to prevent its spread have failed or 
are not possible. 


“Transplant recipients who are face-to-face contacts of a patient with smallpox should be 
vaccinated; vaccinia immune globulin may be administered concurrently if available. Those who 
are less intimate contacts should not be vaccinated. 


Reproduced with permission from Guidelines for vaccination of solid organ transplant 
candidates and recipients. Am J Transplant. 2004;4(Suppl 10):160-163. [PMID: 15504229] 
Copyright, 2004 John Wiley & Sons. 
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Posttransplantation Infections in the Immediate 
Postoperative Period 


Within the first 4 weeks postoperatively, the most common infections in transplant recipients are 
the same as those that develop postoperatively in patients who have undergone nontransplant- 
related surgery. Bacterial wound infections caused by staphylococci (coagulase-negative and 
Staphylococ-cus aureus), hemolytic streptococci, or enteric bacteria (often mixed infections) are 
common. Clostridium difficile—associated diarrhea, central line—associated bloodstream 
infections, catheter-associated urinary tract infections, and health care-related pneumonias also 
occur in the immediate posttransplantation period, often during inpatient care. Transplant 
recipients may also become infected with microorganisms harbored within the transplanted 
tissues, including bacteria, West Nile virus, or tuberculosis. Many of these donor tissue— 
associated infections are more critical in later posttransplantation periods. 
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Posttransplantation Infections in the Later Postoperative 
Period 


e Viruses 
e Fungi 


e Parasites 
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Viruses 


There is an important difference between cytomegalovirus (CMV) infection and disease. 
Infection is defined by the presence of a positive culture, polymerase chain reaction assay, CMV 
antigen, or serology, whereas disease requires the presence of infection plus typical findings, 
such as fever, leukopenia, hepatitis, pneumonitis, pancreatitis, colitis, and meningoencephalitis. 
CMV disease frequently occurs after the first month of transplantation but occurs less commonly 
6 to 12 months after transplantation. CMV infection occurs most often in the setting of a CMV- 
negative transplant recipient with an organ from a CMV-positive donor. When donor and 
recipient are serologically negative for CMV, CMV posttransplantation infections infrequently 
occur. Almost any organ system may be infected with CMV, and often, the manifestations of 
CMV disease are different from those occurring when CMV causes disease in immunocompetent 
patients. CMV disease may cause serious consequences in transplant recipients, including an 
increased risk for renal graft failure. Perforations and significant bleeding are potential 
complications in patients with gastrointestinal CMV involvement. CMV-related pneumonia can 
be especially severe, leading to acute respiratory failure, the need for mechanical ventilation, and 
other complications. 


Prophylaxis with ganciclovir, valganciclovir, or high-dose acyclovir is appropriate for transplant 
recipients at risk for or with known CMV infection. These antiviral agents are effective in 
preventing CMV disease and generally are well tolerated. Valganciclovir is available as an oral 
agent and is often preferred. 


Some transplant programs also regularly monitor their patients for evidence of CMV activation 
by measuring the amount of circulating CMV antigen with immunofluorescence or viral DNA by 
polymerase chain reaction. In patients with increasing CMV levels, even without signs of 
disease, many transplant programs will begin treatment with ganciclovir. 


Ganciclovir or valganciclovir prophylaxis is not only associated with markedly fewer cases of 
CMV disease and less serious disease, but it is also associated with a significantly reduced 
incidence of bacterial (including bacterial sepsis), herpes simplex virus, and fungal infections; 
bronchiolitis obliterans in lung transplant recipients; posttransplantation lymphoproliferative 


disease; and graft rejection. These findings suggest that CMV augments infections of many kinds 
and interferes with host defense mechanisms, perhaps locally and systemically. CMV often 
develops in organs concurrently with various other pathogens such as with bacterial pneumonia 
or polyomavirus BK in the kidneys. 


Viruses other than CMV may also develop in transplant recipients. Epstein-Barr virus (EBV) is a 
common viral pathogen, especially in hematopoietic cell transplant patients. EBV may cause a 
self-limited infectious mononucleosis in these patients, and it presents similarly to classic 
mononucleosis in normal hosts. EBV is found in almost all patients with posttransplantation 
lymphoproliferative disease (PTLD), and it is believed to be pathogenic, especially considering 
its universal involvement in X-linked lymphoproliferative disease, which has many similarities 
to PTLD. 


There is no specific antiviral treatment for EBV infection. Management of PTLD consists of 
decreasing or discontinuing immunosuppressive therapy and often leads to organ or graft failure. 
Coinfection with CMV and EBV occurs commonly in transplant recipients, and patients who 
receive effective anti-CMV prophylaxis have a reduced risk for developing PTLD. 


Patients generally acquire polyomavirus BK virus (also referred to as BK virus) in early 
childhood, and it remains dormant for the life of the individual. However, in immunosuppressed 
individuals, the virus may reactivate and cause symptomatic disease. Kidney transplant patients 
with BK virus infection may develop BK-related nephropathy, organ rejection, or ureteral 
strictures. Hematopoietic cell transplant recipients may develop reactivation of BK virus 
infection, usually manifested as hemorrhagic cystitis. Transplant patients with BK-related 
nephropathy have decoy cells in the urine (cells with intranuclear inclusions) and BK viremia. 
CMV infection and BK virus infection often occur simultaneously. Patients receiving adequate 
anti-CMV prophylaxis have a lower incidence of BK virus reactivation. 


Although no approved treatment for the BK virus exists, several drugs, including leflunomide, 
cidofovir, and the fluoroquinolones, are being used experimentally with early promising results. 
Reversing immunosuppressive therapy may help to mitigate BK viral infection, but this approach 
may also lead to graft rejection. 


Patients also acquire polyomavirus JC virus asymptomatically in childhood, and it remains 
dormant for the life of the individual. This virus may also reactivate in transplant recipients, 
causing progressive multifocal leukoencephalopathy, a uniformly progressive, and ultimately 
fatal, central nervous system disease. The only known effective treatment for polyomavirus JC 
virus infection is to reverse immunosuppressive therapy. 
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Fungi 


Pneumocystis jirovecii is a common cause of pneumonia in the posttransplantation period as it is 
in most other settings of immunosuppression. Pneumocystis pneumonia in transplant recipients is 


potentially fatal if left untreated; however, therapy with trimethoprim-sulfamethoxazole is 
usually effective when the infection is diagnosed and treated early, especially in patients with no 
additional life-threatening complications. Patients who are allergic to sulfonamides may be 
treated with pentamidine, clindamycin plus primaquine, atovaquone, or trimetrexate plus 
leucovorin with or without dapsone. Trimethoprim-sulfamethoxazole is commonly given as 
prophylaxis to patients in the immediate posttransplantation period, at least until the 
immunosuppressive therapy is significantly tapered, and it is effective in preventing 
toxoplasmosis, nocardial, and listerial infections. 


Candida albicans and non-albicans species often colonize the upper airways; therefore, 
determining whether antifungal treatment is required in transplant recipients in whom these 
organisms are identified can be challenging. Candida rarely causes a primary pneumonia, but in 
immunosuppressed patients, it may be found secondarily in bronchial secretions from patients 
infected with other organisms. Patients with Candida species in pulmonary secretions after 
recent lung transplantation are often treated. When a Candida species is identified in a culture 
specimen obtained from a nonsterile body site, it is difficult to determine whether antifungal 
treatment is necessary. However, if there are other culture sites from which Candida is grown 
concurrently, treatment should be more seriously considered. When Candida is grown in the 
urine culture of patients with an indwelling catheter, removal of the catheter and replacement 
with a fresh catheter are prudent if a catheter is still felt to be necessary. A repeat urine culture 
should be performed after removal of the initial catheter, especially if signs or symptoms persist. 
Often, the urine will become sterile on repeat culture, and no treatment will be required. 
However, if repeat urine cultures continue to grow the fungus, treatment should be more strongly 
considered. Candida species growing in the urine of a kidney transplant recipient should warrant 
further investigation for organ infection; treatment is required when there is pyuria, dysuria, 
systemic signs and symptoms of infection such as fever or leukocytosis, or signs of decreased 
renal function. When Candida species is grown in blood cultures, treatment should always be 
prescribed, and all vascular lines should be removed. 


Fluconazole is usually effective for the treatment of posttransplantation candidal infection in 
most hospitals except when Candida glabrata, Candida krusei, or other resistant fungi are the 
cause. One of the newer triazoles such as voriconazole, an echinocandin such as caspofungin, or 
one of the amphotericin B preparations may be used in affected patients. 


Aspergillus is a common pathogen in transplant recipients, associated with a high mortality rate 
(>50% in many studies), especially when not treated early and aggressively (see Fungal 


Infections). Voriconazole is the first-line empiric treatment when Aspergillus infection is 
suspected. 
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Parasites 


Immunosuppressive therapy with antirejection drugs may exacerbate various parasitic diseases, 
and one of the most important of these is strongyloidiasis. Strongyloides stercoralis is a small 


roundworm with an autoinfectious cycle in humans, and it may be dormant for 30 or more years. 
It is found most commonly in tropical and subtropical areas but may also be found in temperate 
climates. Evaluation for Strongyloides should be done before transplantation because a state of 
hyperinfestation associated with an extremely high mortality rate (the Strongyloides 
hyperinfection syndrome) may occur during immunosuppression. This syndrome should be 
considered in transplant patients with signs of bacterial sepsis or pulmonary, gastrointestinal, or 
central nervous system disease, including meningitis. Ideally, Strongyloides carriers should be 
identified by pretransplantation stool examination or serology and then treated with 
thiabendazole or albendazole for preemptive eradication of this organism. 
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Key Points 


Health care—associated infections are 1 of the 10 leading causes of death in the United 
States, accounting for 50% of all major complications of hospitalization. 

Hand hygiene is the single most important measure to reduce the risk of health care— 
associated infections. 

The most effective way to decrease hospital-acquired urinary tract infections is to avoid 
unnecessary catheterization. 

Short courses of preoperative antimicrobial prophylaxis can reduce the risk of surgical 
site infections as can appropriate preoperative hair removal, body temperature control 
during surgery, and use of glucose control in patients with diabetes mellitus who are 
undergoing cardiac surgery. 

The increased use of intravascular catheters is believed to contribute to the large increase 
in bloodstream infections. 


e Health care bundles to prevent catheter insertion—associated bloodstream infections, 
including evidence-based practices, education modules, standardized recording tools, 
standardized catheter-insertion kits, and provisions for providing feedback, are now 
widely used in hospitals. 

e The most effective way to reduce hospital-acquired pneumonia is to remove endotracheal 
tubes as quickly as possible, maintain the patient in an upright or semi-upright position, 
and perform subglottic suctioning. 
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Epidemiology 


Health care—associated infections (HAIs) are infections that develop in hospitalized patients that 
were neither present nor incubating on hospital admission. In 2002, the Centers for Disease 
Control and Prevention (CDC) estimated that 1.7 million HAIs occurred (9.3 infections per 1000 
patient days or 4.5 infections per 100 admissions). More than 98,000 deaths were attributed to 
HAIs. Of these, most deaths were due to pneumonia; other causes of death in order of decreasing 
frequency were bloodstream infections, urinary tract infections, and surgical site infections. 
Based on CDC estimates, the cost for treating HAIs in the United States is estimated to be $4.5 
billion to $29 billion annually. The major types of HAIs are related to invasive or surgical 
procedures. Infection types and frequencies are shown in Table 36. 


Table 36. Hospital-Acquired Infections — Percentage and 
Common Pathogens 


Infection Percentage Common Pathogens 

Urinary tract infections 36 Escherichia coli and other gram-negative rods; 
enterococci’; yeast 

Surgical site infections 20 Staphylococcus aureus”; coagulase-negative 
staphylococci; gram-negative rods 

Primary bloodstream infections 11 Staphylococcus aureus; coagulase-negative 

(BSIs), including catheter line— staphylococci; gram-negative rods; yeast 

associated BSIs 

Pneumonia 11 Staphylococcus aureus”; Pseudomonas species, 
Acinetobacter species, and other gram-negative 
rods‘ 

Others 22 Clostridium difficile; Staphylococcus aureus’; 


coagulase-negative staphylococci; gram- 
negative rods; enteric flora 


Colitis 
Gastroenteritis 
Peritonitis 


Sinusitis 
Meningitis 
Decubitus ulcers 


“Often vancomycin-resistant enterococci. 
Often methicillin-resistant Staphylococcus aureus. 


“Other causes: Legionella pneumophila. 
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Prevention 


HAIs are 1 of the 10 leading causes of death in the United States, accounting for 50% of all 
major complications of hospitalization. National and state agencies have recently instituted 
measures to monitor and prevent these infections. Many states have enacted legislation 
mandating public reporting of HAIs. The Centers for Medicare and Medicaid Services will not 
reimburse inpatient charges for care of selected preventable infections that were not present on 
hospital admission. These include urinary catheter—associated infections, vascular catheter— 
associated infections, and deep-chest surgical site infections (mediastinitis) after cardiac surgery. 
Ventilator-associated pneumonia, Clostridium difficile infections, and several others may soon be 
added. 


Although quantification is not yet possible, many HAIs can be prevented. Hand hygiene is the 
single most important measure to reduce infection risk. All caregivers should clean their hands 
before and after contact with patients and their environment. Alcohol-based hand cleansers and 
soap and water are very effective for killing or removing most bacteria (although alcohol-based 
cleansers do not remove C. difficile spores). The patient-care environment must undergo 
extensive daily and post-discharge cleaning so that pathogens will not be passed from one patient 
to another. In addition, appropriate immunizations of health care workers can prevent infection 
in both workers and patients. 


Transmission-based precautions are required in certain situations. Patients who are colonized or 
infected with certain organisms can serve as vectors for transmission to others. Examples of 
multidrug-resistant organisms requiring transmission-based precautions include methicillin- 
resistant Staphylococcus aureus, vancomycin-resistant enterococci, Acinetobacter species, and 
C. difficile. Use of barriers such as gowns, gloves, and masks are necessary to prevent cross- 
contamination of these pathogens. Equipment can also become contaminated. Therefore, 
dedicated equipment should be used for patients with pathogens requiring transmission-based 
precautions, or equipment should be thoroughly cleaned before being reused. Devices such as 


indwelling urinary catheters, endotracheal tubes, and central-line vascular catheters should be 
used only when necessary and removed as soon as possible. 


Colonization with multidrug-resistant organisms may go unrecognized in some patients. 
Surveillance testing can identify these patients so that transmission-based precautions can be 
initiated. Such testing has been associated with a significant reduction in HAIs due to multidrug- 
resistant organisms. 


Specific infection types have known risk factors, and interventions can be coupled or bundled 
together to reduce risk. Devices such as indwelling catheters, endotracheal tubes, and central-line 
catheters should be used only when necessary and removed as soon as possible. 
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Urinary Tract Infections 
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Primary Bloodstream Infections 
Prevention 
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Urinary Tract Infections 


Urinary tract infections (UTIs) are the most common HAIs. Most are caused by indwelling 
urinary catheters. Approximately 1 million infections occur annually. Bacteriuria occurs in 3% to 
10% of catheterized patients daily, and incidence is directly related to the duration of 
catheterization. The treatment cost for each hospital-acquired UTI is approximately $675, with 
an increase to $2836 when bacteremia develops. Overall costs to the health care system exceed 
$400 million annually. 


UTIs are generally considered unavoidable in patients requiring indwelling catheters for more 
than 4 days, primarily because of the ubiquity of bacterial colonization over time. An estimated 
5% of patients will become colonized for each day of catheterization beyond 2 days, and 10% to 
25% of these patients will develop symptomatic UTIs. Secondary bacteremia occurs in 
approximately 3% of patients and is associated with an increased risk of death (13% to 30% 
mortality rate). Common pathogens include Escherichia coli, other gram-negative rods, and 
enterococci. These pathogens previously had predicted drug susceptibilities and were usually 
treated with fluoroquinolones or trimethoprim-sulfamethoxazole. However, increased drug 
resistance is now being reported. 
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Prevention 


The most effective way to prevent UTIs is to decrease catheter use. Devices should be used for 
specific indications. Examples include (1) to diagnose pathologic findings in the lower urinary 
tract or the cause of urinary retention, (2) to monitor fluid status in acutely ill patients when this 
directly impacts medical treatment, and (3) to manage patients with stage 3 or 4 pressure ulcers 
on the buttocks. However, urinary catheters often are used for convenience, which significantly 
increases the risk of UTIs. If the catheter is needed, measures are required to decrease the risk of 
bacteriuria and subsequent infection. These include hand washing, using an aseptic technique 
and sterile equipment for catheter insertion and care, securing the catheter properly, maintaining 
unobstructed urine flow and closed sterile drainage, and considering use of antibacterial-coated 
catheters. 
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Surgical Site Infections 


Surgical site infections (SSIs) are the second most common cause of hospital-acquired 
infections, accounting for approximately 20% of cases. These infections are increasing because 
the number of surgical procedures performed in the United States is increasing annually. SSIs are 
associated with increased costs and poorer outcomes in hospitalized patients. They prolong 
hospital stays by an average of 7.4 days and increase costs by $400 to $2600. Costs and 
outcomes secondary to these infections vary by surgery type. SSIs following cardiac surgery are 
associated with significantly higher costs, ranging from $8200 to $42,000. 


The risk of infection is influenced by complex interactions, including (1) patient-related factors 
such as extremes of age, host immunity, nutritional status, and the presence of diabetes mellitus; 
(2) procedure-related factors, such as placement of a foreign body, duration of surgery, skin 
antisepsis, and the magnitude of tissue trauma; (3) microbial factors that mediate tissue 
adherence and invasion or that enable bacteria to survive the host immune response and 
concurrent colonization or infection; and (4) factors related to perioperative antimicrobial 
prophylaxis. 


Additional risks for SSIs include corticosteroid therapy, smoking, body mass index (BMI) 
greater than 30, a low preoperative serum albumin level or malnutrition, remote infection at the 


time of surgery, the need for perioperative transfusions, preoperative colonization of the nares, 
and hypoxemia. 
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Prevention 


Approximately 40% to 60% of SSIs can be prevented by implementing the following four 
components of care, which are supported by the Centers for Medicare and Medicaid Services, the 
Hospital Quality Alliance, the Institute for Healthcare Improvement, and many other groups. 
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Antimicrobial Prophylaxis 


A short course of preoperative antimicrobial prophylaxis has been shown to reduce the risk of 
SSIs. The goal of prophylaxis is to decrease the number of organisms that can contaminate the 
surgical site to a level that cannot overwhelm host defenses. Optimal surgical prophylaxis 
requires adequate concentrations of antimicrobial agents in the serum, tissues, and wound during 
the entire time that the incision is open and at risk for bacterial contamination. Prophylaxis 
begins preoperatively. The first antimicrobial dose should be given within 60 minutes before the 
incision is made (120 minutes if a fluoroquinolone or vancomycin is indicated), be active against 
all potential contaminants, be safe and inexpensive, and have the least effect on normal body 
flora. Antimicrobial prophylaxis should generally be discontinued within 24 hours 
postoperatively. This recommendation is supported by the published literature and is endorsed by 
the Centers for Medicare and Medicaid Services Surgical Infection Prevention Project. 


Other variables such as use of surgical scrub by operating room personnel, preoperative skin 
preparation, and the operating room environment can also influence surgical site infection risk. 
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Preoperative Hair Removal 
Numerous studies have shown that razor shaving is associated with decreased skin integrity 


caused by nicks and cuts on the skin surface. If hair is removed, this should be done immediately 
before surgery and preferably using electric hair clippers. 
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Glucose Control during Cardiac Surgery 


Prospective randomized studies have shown that patients with diabetes who are undergoing 
cardiac surgery have a reduced risk of infection if perioperative glucose control is provided. This 
is done by using a continuous intravenous insulin infusion to maintain serum glucose at a level of 
less than 200 mg/dL (11.1 mmol/L). 
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Avoidance of Hypothermia 


Hypothermia causes numerous perioperative adverse outcomes, including myocardial events, 
coagulopathy with increased blood loss and transfusion requirements, postoperative wound 
infections, and prolonged hospitalizations. Recent data suggest that better intraoperative and 
postoperative temperature control of the patient may reduce these risks. 


PreviousNext 


Primary Bloodstream Infections 


Primary bloodstream infections (BSIs) occur without a recognizable focus of infection at another 
anatomic site. The increased use of intravascular catheters is believed to contribute to the large 
increase in BSIs. 


BSIs typically are caused by microbes from the skin that migrate along the external surface of 
catheters. Approximately 50,000 catheter line—associated BSIs occur in the United States 
annually. Reported case fatality rates have ranged from 14% to 40%. 


Patients surviving a hospital-acquired BSI require an additional 7 to 24 days of hospitalization. 
The longer stays and additional costs of antibiotics and diagnostic tests significantly add to 
health care costs, and overall excess costs are reported to range from $3517 to $33,268 per 
patient. 
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Prevention 


In 2004, the CDC reported the median rate for catheter line—associated BSIs in ICUs of all types 
ranged from 1.8 to 5.2 infections per 1000 catheter days. Hospitals have always compared their 
rates with the CDC mean. If their rates were at or below the mean, little was done to try to reduce 
the rate of infections even more. In 2001, a regional initiative involving 32 hospitals in western 
Pennsylvania was begun with the goal of eliminating these infections in ICUs. The intervention 
was multifaceted and followed published CDC guidelines. It consisted of five components: 


1. Promotion of targeted, evidence-based catheter insertion practices (that is, use of 
maximum sterile barrier precautions during catheter insertion, use of chlorhexidine for 
skin disinfection before insertion, avoidance of femoral artery insertion sites, use of 
recommended insertion site dressing-care practices, and removal of catheters when no 
longer indicated). 

2. Promotion of an educational module about central line—associated BSIs and strategies for 
preventing these infections. 


3. Promotion of standardized recording tools for documenting adherence to recommended 
catheter insertion practices. 

4. Promotion of a standardized list of contents for catheter insertion kits that included all 
supplies required to adhere to recommended insertion practices. 

5. Provision of feedback of individual unit-specific rates and aggregate regional catheter 
line—associated BSI rates. 


Over 4 years, the pooled infection rate decreased by 68%, from 4.31 to 1.36 per 1000 catheter 
days (P <0.001) from April 2001 through March 2005. Many of the participating hospitals 
subsequently achieved even lower infection rates and have sustained these reductions. Many 
other facilities and regions have successfully implemented this bundled approach to reducing 
central line—associated BSIs. Such bundles are now widely used and are endorsed by the Institute 
for Healthcare Improvement. 
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Hospital-Acquired Pneumonia 


Hospital-acquired pneumonia (HAP) is defined as pneumonia that develops at least 48 hours 
after hospitalization and includes ventilator-associated pneumonia, non—ventilator-associated 
pneumonia, and postoperative pneumonia. Approximately 300,000 cases of HAP occur annually 
in the United States, and mortality rates range from 30% to 70%. HAP increases the hospital stay 
by 7 to 9 days and is associated with higher costs of medical care. 


The most common cause of HAP is microaspiration of bacteria that colonize the oropharynx and 
upper airways in seriously ill patients. Gram-negative bacilli and Staphylococcus aureus are the 
most common pathogens, and the number of drug-resistant organisms continues to escalate. 
Endotracheal intubation with mechanical ventilation poses the greatest overall risk (Table 37). 
Endotracheal intubation breaches airway defenses, impairs cough and mucociliary clearance, and 
facilitates microaspiration of bacteria-laden secretions that pool above the inflated endotracheal 
tube cuff. Consequently, 85% of all cases of HAP occur in ventilated patients. Major risk factors 
for postoperative pneumonia are age older than 70 years, abdominal or thoracic surgery, and 
dependent functional status. 


The diagnosis is based on clinical presentation, leukocytosis, and new or changing chest 
radiographic findings. Bronchoscopic samplings from the lower respiratory tract and/or blood 
cultures can help identify the pathogen. Patients requiring mechanically assisted ventilation may 
also have worsening oxygenation and increased tracheal secretions. However, no single 
symptom, sign, or radiographic finding is sensitive or specific enough to enable a diagnosis, and 
several clinical variables must be considered. 


Table 37. Risk Factors for Hospital-Acquired Pneumonia 


Host related Advanced age 


Severity of illness 
Trauma or head injury 
Poor nutritional status 
Coma 
Impaired airway reflexes 
Chronic obstructive pulmonary disease 
Neuromuscular disease 
Device related Endotracheal tube 
Nasogastric tube 
Bronchoscopy 
Drug related Immunosuppressive therapy 
Peptic ulcer medications 
Miscellaneous Thoracic or upper abdominal surgery 
Duration of surgery 
Duration of hospitalization 
Large-volume aspiration 


PreviousNext 


Prevention 


Removing the endotracheal tube as quickly as possible will reduce the risk for infection. Patients 
should have daily “sedation vacations” and be assessed for extubation readiness. While 
intubated, patients should be in a semi-upright or upright position. Mouth care may also reduce 
the risk of infection. Continuous aspiration of subglottic secretions using a specially designed 
endotracheal tube attached to a suction device may reduce the risk for aspiration, but data about 
this procedure are inconclusive. Selective decontamination of the oropharynx (using topical 
gentamicin, colistin, or vancomycin) or of the entire gastrointestinal tract is controversial and not 
uniformly recommended. 
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HIV/AIDS 


Since the first case of HIV infection was reported more than 25 years ago, much has been 
learned about its epidemiology and treatment. In industrialized countries where highly active 
antiretroviral therapy (HAART) is readily available, HIV/AIDS has evolved from a once fatal 
illness to a more chronic, manageable disease. In resource-deprived countries, HIV/AIDS 
continues to have devastating effects on individuals, family units, and the general community 
owing to its associated high morbidity and mortality rates. 


Key Points 


HIV/AIDS refers to all cases of HIV infection, whether or not the infection has 
progressed to AIDS. 

Approximately 1.2 million people in the United States are living with HIV/AIDS. 

The largest estimated proportion of HIV/AIDS diagnoses is among men who have sex 
with men, followed by adults and adolescents infected through heterosexual contact. 


About 40% to 90% of persons with primary HIV infection develop acute retroviral 
syndrome, which is a mononucleosis-like syndrome that usually occurs within 2 to 6 
weeks following the initial infection. 

Patients with acute retroviral syndrome have a detectable plasma HIV RNA viral load 
and a negative or indeterminate HIV antibody assay. 

Elite controllers are persons who are seropositive for HIV but maintain a plasma HIV 
RNA viral load of less than 50 copies/mL without antiretro-viral therapy. 

The Centers for Disease Control and Prevention now recommends routine HIV testing in 
all health care settings (including emergency departments) for any patient aged 13 to 64 
years after the patient is notified that testing will be performed. 

Separate written consent for HIV testing is not required. 

Standard HIV screening is done by an enzyme-linked immunosorbent assay (ELISA) 
followed by a confirmatory Western blot assay if the initial ELISA is positive. 

Rapid serologic HIV tests with high sensitivities and specificities are available that 
provide results in 20 minutes or less. 

All patients with newly diagnosed HIV infection require a complete history and physical 
examination; laboratory studies to evaluate liver, kidney, and bone marrow function; and 
a lipid profile. 

In patients with newly diagnosed HIV infection, the plasma HIV RNA viral load is the 
best predictor of prognosis and of rate of decline of CD4 lymphocytes. 

Patients with HIV with undetectable HIV RNA viral loads are still infectious. 

A tuberculin skin test using purified protein derivative should be performed annually in 
patients with HIV infection. 

Preventive measures in patients with HIV infection include routine immunizations and 
breast, cervical, and colorectal cancer screening. 

The risk of cardiovascular disease is increased in patients being treated with highly active 
antiretroviral therapy. 

In patients with HIV infection, aggressive risk factor reduction for cardiovascular disease 
should be implemented. 

The immune reconstitution inflammatory syndrome, which is a sudden deterioration in a 
patient’s clinical condition despite immunologic and virologic control, occurs in a small 
subset of patients being treated with highly active antiretroviral therapy. 

The major AIDS-defining opportunistic infections are cryptococcal infection, 
cytomegalovirus infection, Pneumocystis jirovecii pneumonia, Mycobacterium avium 
complex infection, and toxoplasmosis. 

Current guidelines recommend beginning treatment for patients with HIV infection who 
have an AIDS-defining illness or a CD4 cell count less than 350/uL or for all patients 
with HIV infection regardless of CD4 cell count who have HIV nephropathy, hepatitis B 
co-infection, or are pregnant. 

The first-line regimen for treatment of HIV infection is two nucleoside/nucleotide reverse 
transcriptase inhibitors plus one non-nucleoside reverse transcriptase inhibitor or one 
protease inhibitor. 

Efavirenz is contraindicated in women of child-bearing age because of its teratogenic 
effects (pregnancy risk category D). 


e Resistance testing is recommended for patients who develop acute HIV infection (within 
6 to 12 months of virus transmission), compliant patients who fail to benefit from 
adequate therapy, and treatment-naive patients with chronic HIV infection. 

e To date, no vaccine against HIV appears to be effective. 
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Epidemiology 


HIV/AIDS refers to all cases of HIV infection, whether or not the infection has progressed to 
AIDS. The diagnosis of AIDS is based on surveillance case definitions established by the 
Centers for Disease Control and Prevention (CDC), which are the same for adults, adolescents, 
and children (Table 38). 


At the end of 2003, an estimated 1,039,000 to 1,185,000 people in the United States were living 
with HIV/AIDS. In 2005, 37,163 cases of HIV/AIDS in adults, adolescents, and children were 
diagnosed. The largest estimated proportion of HIV/AIDS diagnoses were among men who have 
sex with men, followed by adults and adolescents infected through heterosexual contact. The 
CDC has developed a new and innovative system designed to estimate the number of new HIV 
infections (or incidence) in the United States in a given year. Using this new technology, the 
CDC estimates that 56,300 new HIV infections occurred in the United States in 2006. 


Surveillance data on HIV infections provide a more complete picture of the HIV/AIDS epidemic 
and the need for prevention and care services than does the picture provided by AIDS data alone. 
As of April 2008, all 50 states, the District of Columbia, and 5 dependent areas—American 
Samoa, Guam, the Northern Mariana Islands, Puerto Rico, and the U.S. Virgin Islands—use the 
same confidential name-based reporting system to collect HIV and AIDS data. 


HIV transmission patterns have changed over time. Heterosexual transmission accounts for a 
growing number of new AIDS cases, increasing from 3% in 1985 to 31% in 2005. Over the same 
period, the proportion of cases occurring in men who have sex with men has decreased from 
65% to 43%. In 1985, injection drug use accounted for 19% of the cases, peaking at 39% in 
1997, and finally dropping to 28% in 2005. 


The proportion of women with newly diagnosed AIDS has increased from 8% in 1985 to 27% in 
2005. Based on CDC prevalence estimates, approximately 300,000 women in the United States 
are living with HIV/AIDS. Black women accounted for 66% of new cases in 2005, whereas 
Hispanic and white women each accounted for 16%. 


In the United States, the HIV/AIDS epidemic has disproportionately affected black persons 
compared with persons of other races and ethnicities. According to the 2005 U.S. Census figures, 
black persons constituted 12% of the general population, but by the end of 2005, black persons 
accounted for 49% of the estimated 37,163 newly diagnosed HIV/AIDS cases in this country. 


The epidemiology of HIV/AIDS worldwide is quite different. According to the Joint United 
Nations Program on AIDS/HIV (UNAIDS), an estimated 33.2 million people were living with 
HIV/AIDS by the end of 2007, and an estimated 2.5 million people were newly infected with the 
virus in 2007. Sub-Saharan Africa remains the most seriously affected region with an estimated 
22.5 million cases, constituting a prevalence of 12.5%. 


Table 38. Diagnosis of AIDS — Centers for Disease Control 
and Prevention 


Definitive AIDS Diagnosis (with or without laboratory evidence of HIV infection) 
1. Candidiasis of esophagus, trachea, bronchi, or lungs 
2. Cryptococcosis, extrapulmonary 
3. Cryptosporidiosis with diarrhea persisting for >1 month 
4. Cytomegalovirus infection of an organ other than the liver, spleen, or lymph nodes 


5. Herpes simplex virus infection causing a mucocutaneous ulcer that persists >1 month, or 
bronchitis, pneumonia, or esophagitis of any duration 


6. Kaposi sarcoma in a patient <60 years 
7. Lymphoma of the brain (primary) in a patient <60 years 


8. Mycobacterium avium complex or Mycobacterium kansasii infection, disseminated (at a site 
other than or in addition to the lungs, skin, or cervical or hilar lymph nodes) 


9. Pneumocystis jirovecii pneumonia 
10. Progressive multifocal leukoencephalopathy 
11. Toxoplasmosis of the brain 
Definitive AIDS Diagnosis (with laboratory evidence of HIV infection) 


1. Coccidioidomycosis, disseminated (at a site other than or in addition to the lungs or cervical or 
hilar lymph nodes) 


2. HIV encephalopathy 


3. Histoplasmosis, disseminated (at a site other than or in addition to the lungs or cervical or hilar 
lymph nodes) 


4. Isosporiasis with diarrhea persisting >1 month 

5. Kaposi sarcoma at any age 

6. Lymphoma of the brain (primary) at any age 

7. Other non-Hodgkin lymphoma of B-cell or unknown immunologic phenotype 


8. Any mycobacterial disease caused by mycobacteria other than Mycobacterium tuberculosis, 
disseminated (at a site other than or in addition to the lungs, skin, or cervical or hilar lymph 
nodes) 


9. Disease caused by extrapulmonary M. tuberculosis 

10. Salmonella (nontyphoid) septicemia, recurrent 

11. HIV wasting syndrome 

12. CD4 cell count <200/uL or a CD4 lymphocyte percentage below 14% 


13. Pulmonary tuberculosis 
14. Recurrent pneumonia 
15. Invasive cervical cancer 
Presumptive AIDS Diagnosis (with laboratory evidence of HIV infection) 


1. Candidiasis of esophagus: (a) recent onset of retrosternal pain on swallowing, and (b) oral 
candidiasis 


2. Cytomegalovirus retinitis: characteristic appearance on serial ophthalmoscopic examinations 


3. Mycobacteriosis: specimen from stool or normally sterile body fluids or tissue from a site 
other than the lungs, skin, or cervical or hilar lymph nodes showing acid-fast bacilli of a species 
not identified by culture 


4. Kaposi sarcoma: erythematous or violaceous plaque-like lesion on skin or mucous membrane 


5. Pneumocystis jirovecii pneumonia: (a) a history of dyspnea on exertion or nonproductive 
cough of recent onset (within the past 3 months); and (b) chest radiographic evidence of diffuse 
bilateral interstitial infiltrates or gallium scan evidence of diffuse bilateral pulmonary disease; 
and (c) arterial blood gas analysis showing an arterial PO2 <70 mm Hg or a low respiratory 
diffusing capacity of carbon monoxide (DLCO) of <80% of predicted value or an increase in the 
alveolar-arterial oxygen tension gradient; and (d) no evidence of bacterial pneumonia 


6. Toxoplasmosis of the brain: (a) recent onset of a focal neurologic abnormality consistent with 
intracranial disease or a reduced level of consciousness; and (b) brain imaging evidence of a 
lesion having a mass effect or the radiographic appearance of which is enhanced by injection of 
contrast medium; and (c) serum antibody to toxoplasmosis or successful response to therapy for 
toxoplasmosis 


7. Recurrent pneumonia: (a) more than one episode in a 1-year period; and (b) acute pneumonia 
(new symptoms, signs, or radiographic evidence not presented earlier) diagnosed on clinical or 
radiographic grounds by the patient’s physician 

8. Pulmonary tuberculosis: (a) apical or miliary infiltrates; and (b) radiographic and clinical 
response to antituberculosis therapy 
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Pathophysiology and Natural History 


HIV belongs to a family of retroviruses. There are three subfamilies of retroviruses, two of 
which (oncoviruses and lentiviruses) cause human disease and a third (spumavirus) that is not 
known to be associated with human disease. HIV is a member of the lentiviruses or slow viruses, 
which have long incubation periods and may take years to replicate and present clinically in 
infected patients. 


The HIV genome consists of three structural genes: gag, pol, and env. The gag gene codes for 
viral capsid proteins p15, p17, and p24; env encodes for viral envelope proteins gp120 and gp41; 
and pol encodes for proteins responsible for viral replication and reverse transcriptase. 


The most common mode of transmission involves deposition of HIV on genital or rectal mucosal 
surfaces or direct inoculation of HIV into the bloodstream by injection drug use. Envelope 
protein 120 (gp120) has a high affinity for the CD4 molecule on helper T lymphocytes. After 
initial binding, HIV must bind to a specific co-receptor (CCR5 or CXCR4) followed by fusion of 
HIV and the host cell membrane. After fusion, viral DNA is inserted into the cytoplasm of the 
host cell, allowing reverse transcriptase to convert it to proviral DNA. At this point, 
incorporation of the viral DNA is facilitated by the viral enzyme integrase. Once the viral gene 
products are transcribed and assembled, HIV protease cleaves the precursor proteins for release 
to resume the cycle. 


About 40% to 90% of persons with primary HIV infection develop an acute mononucleosis-like 
syndrome that usually occurs within 2 to 6 weeks following the initial infection. This has also 
been called the acute retroviral syndrome and is associated with signs and symptoms resulting 
from initial HIV infection and dissemination (Table 39). The duration of illness is usually less 
than 2 weeks. Health care providers should consider a diagnosis of acute retroviral syndrome in 
patients presenting with a compatible history and obtain measurement of the plasma HIV RNA 
viral load and an assay for HIV antibodies. Acute infection is defined by detectable HIV RNA in 
the plasma and a negative or indeterminate HIV antibody assay. 


Over time, persons infected with HIV have a progressive loss of CD4 lymphocytes. Although the 
average time from initial infection with HIV to development of AIDS is approximately 10 years, 
the rate of disease progression varies considerably among infected persons. Numerous factors 
contribute to the rate of disease progression, including the plasma HIV RNA viral load, CD4 cell 
count, age, socioeconomic status, and host genetics. On average, an infected person loses 50 to 
80 CD4 cells/uL per year. Some persons have rapid progression, and others are considered to 
have long-term nonprogression or to be elite controllers (persons who are infected with HIV but 
who maintain a plasma HIV RNA viral load of less than 50 copies/mL without antiretroviral 
therapy). 


Table 39. Signs and Symptoms Suggestive of Acute 
Retroviral Syndrome 


Signs and Symptoms Frequency (%) 
Fever 96 
Lymphadenopathy 74 
Exudative pharyngitis 70 
Rash 70 
Myalgia or arthralgia 54 
Diarrhea 32 


Headache 32 


Nausea and vomiting 27 


Hepatosplenomegaly 14 
Weight loss 13 
Thrush 12 
Neurologic symptoms 12 
Meningoencephalitis 

Peripheral neuropathy 

Facial palsy 


Guillain-Barré syndrome 
Brachial neuritis 
Cognitive impairment or psychosis 
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Screening and Diagnosis of HIV Infection 


The CDC has recently broadened its recommendations for HIV testing and now recommends 
routine HIV testing in all health care settings (including emergency departments) for any patient 
aged 13 to 64 years. Patients must be told that such a test will be performed and may decline 
testing (opt-out screening). Separate written consent is not required. General consent for medical 
care is considered sufficient to include consent for HIV testing, and prevention counseling is not 
required as part of HIV diagnostic testing or screening programs in health care settings. 


All patients beginning treatment for tuberculosis should also be screened routinely for HIV 
infection (see Mycobacterium tuberculosis Infection). Additionally, all patients being treated for 
sexually transmitted diseases (STDs), including those attending STD clinics, should be screened 
routinely for HIV during each visit for a new sign or symptom, regardless of whether or not the 
patient is known or suspected to have specific risk behaviors for HIV infection. 


Persons engaged in high-risk behavior should be tested annually. Those likely to be at high risk 
include injection drug users and their sex partners, persons who exchange sex for money or 
drugs, sex partners of HIV-infected persons, and men who have sex with men or heterosexual 
persons who themselves or whose sex partners have had more than one sex partner since their 
most recent HIV test. 


These CDC testing guidelines were revised because of the many persons who have undiagnosed 
HIV infection or who are diagnosed late in the course of infection. Persons who are infected but 
are not aware of their condition are unable to receive treatment that can keep them healthy and 
extend their lives and are also unable to protect their sex partners or drug-use partners from 
becoming infected. 


In clinical practice, the standard screening procedure is an enzyme-linked immunosorbent assay 
(ELISA) followed by a confirmatory Western blot assay if the initial ELISA is positive. The 
ELISA is approximately 99% specific and 98.5% sensitive; the Western blot assay is nearly 
100% sensitive and 100% specific in diagnosing chronically infected persons. The Western blot 
detects antibodies to HIV proteins, including core (p17, p24, p55), polymerase (p31, p51, p66), 
and envelope (gp41, gp120, gp160) proteins. Specific criteria are used to interpret a Western blot 
assay (Table 40). HIV antibodies generally appear in the circulation 2 to 12 weeks following 
initial infection. During this period between initial infection and the development of antibodies 
(the “window period”) of up to 2 to 3 months, serologic test results are negative. Therefore, 
recently exposed persons whose initial ELISA is negative should have repeat testing at 6 weeks 
and 3 months. 


The development of rapid serologic tests has made HIV testing easier. These tests all provide 
results in 20 minutes or less and have sensitivities and specificities that exceed 99.5%. A 
negative test is considered a definitive negative result unless the person is in the “window 
period,” and a positive test is considered a preliminary positive result and should be confirmed 
with a Western blot assay. 


Table 40. Interpretation of Western Blot Assay 


Result Pattern 
Positive Reactivity to gp120 plus either gp41 or p24 
Negative Nonreactive 
Indeterminate Presence of any other band pattern not meeting criteria for a positive result 


gp = glycoprotein. 
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Management 


e Initiation of Care 
e Laboratory Testing 
e Preventive Care 
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Initiation of Care 


Ideally, the initial encounter occurs in the outpatient setting with an asymptomatic person who 
has been electively tested and found positive for HIV. However, the first encounter often occurs 
in the office or hospital following the development of signs and symptoms of immune 
compromise or opportunistic infection. In this setting, some patients may not be aware of their 
HIV status. 


The first step in establishing care is to determine or confirm the patient’s HIV status. Pretest 
counseling should include an assessment of risk behaviors, a discussion of methods to avoid the 
transmission of HIV, an explanation of HIV and the tests performed to detect HIV antibodies, a 
clarification of the differences between HIV infection and AIDS, and a discussion of the 
confidentiality of test results. The initial test is an ELISA, and if it is positive, a Western blot 
assay is done before the results are shared with the patient. 


The initial evaluation includes a complete history and physical examination. The patient’s social 
support system should be evaluated, and the reaction to learning about HIV infection should be 
explored, because anxiety, depression, and adjustment disorders commonly occur early in the 
course of infection. If the patient has a previously established diagnosis of HIV/AIDS, a 
complete antiretroviral treatment history should be obtained. The patient should be educated 
about precautions needed to avoid virus transmission as well as the indications and goals of 
antiretroviral therapy and the need for preventive care. Ideally, patients should have some 
knowledge of resistance mechanisms and understand the importance of adhering to the treatment 
regimen. Providing appropriate counseling and education generally requires several visits. 
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Laboratory Testing 


e Baseline Laboratory Studies 
e HIV RNA Viral Load Testing 
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Baseline Laboratory Studies 


Laboratory testing is performed to assess immune status and rule out concomitant diseases or 
exposure to previous infections possibly requiring treatment, prophylaxis, or immunization. 
Assessment of liver, bone marrow, and kidney function is important. Serum lipid levels should 
be measured before beginning antiretroviral therapy because hyperlipidemia can be a 
complication of HIV infection or antiretroviral therapy. Required laboratory studies are listed in 
Table 41. 


Table 41. Laboratory Tests for Patients with HIV Infection 


Test 
HIV antibody testing 
CD4 cell count 
HIV RNA viral load (polymerase chain reaction) 


Complete blood count, differential, platelet count 
Aminotransferases, glucose, and creatinine 
Fasting lipid profile 


Hepatitis B surface antigen (HBsAg) and antibody to 
hepatitis B surface antigen (anti-HBs) 


Hepatitis C virus antibody (anti-HCV) 

Toxoplasma IgG antibody 

Cytomegalovirus IgG antibody 

Tuberculin skin test using purified protein derivative 
Rapid plasma reagin 

Pap smear 


Glucose-6-phosphate dehydrogenase 
Genotype or phenotype resistance tests 


“Frequency may vary depending on individual patient. 
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HIV RNA Viral Load Testing 


Frequency* 
Baseline 
Every 3-4 months 


Baseline x2, every 3-4 months, and 1 
month after change in therapy 


Baseline, then every 6 months 
Baseline, then every 6 months 


Baseline, then every 6-12 months if on 
therapy 


Baseline 


Baseline 
Baseline 
Baseline 
Baseline, then annually 
Baseline, then annually 


Baseline, then every 6 months x 2, then 
annually if normal 


Baseline 
Baseline 


Viral load testing measures the amount of HIV-1 RNA present in the plasma. The plasma HIV 
RNA viral load is the best predictor of prognosis and the rate of decline of CD4 lymphocytes. 
Higher HIV RNA concentrations are associated with greater amounts of viral replication, more 
rapid decreases in CD4 lymphocytes, and increased chances of developing AIDS or dying. The 
viral load is used to assess and monitor the efficacy of antiretroviral medications and to guide 


ongoing treatment decisions. 


Several factors can influence the viral load. Improper handling of specimens may cause 
erroneously low values. Immune stimulation as a result of opportunistic infections, blood 
transfusions, herpesvirus outbreaks, and immunizations may transiently increase HIV RNA 
levels. Therefore, the viral load should not be measured for 4 weeks after any of these events. 


A change in viral load is not considered significant unless it is at least a 0.5-log change, that is, a 
threefold difference in the number of copies/mL. An “undetectable” viral load refers to a result 
that is below the lower threshold of the test. The most common test currently used can measure 
HIV RNA of less than 50 copies/mL. These ultrasensitive assays are best suited for monitoring 
viral loads in patients on antiretroviral therapy. The viral load should be checked 4 weeks after 
antiretroviral therapy is initiated or changed. A 90% to 99% reduction in the plasma HIV RNA 
load usually occurs within the first 2 weeks of initiating effective therapy. Subsequent decreases 
are more gradual, reflecting the clearance of chronically infected T cells or macrophages. 
Current recommendations target a viral load of less than 50 copies/mL as the goal of 
antiretroviral therapy, because this level appears to be associated with more durable viral 
suppression. This value should be achieved within 6 months of beginning effective therapy. 


Once the viral load is undetectable, it should be monitored every 3 to 4 months using an 
ultrasensitive assay. The viral load should also be measured every 3 to 4 months in patients who 
are not on antiretroviral therapy. An undetectable viral load does not mean that the virus is no 
longer present in the body or that cure has been achieved. Individuals with undetectable viral 
loads are still considered infectious. 
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Preventive Care 


A number of preventive measures contribute to disease avoidance for patients with HIV 
infection. These include routine immunizations, cervical cancer screening, and medications for 
primary and secondary prophylaxis of opportunistic diseases. Routine immunizations include 
pneumococcal vaccine every 5 years and influenza vaccine annually. Hepatitis A and B vaccines 
should be administered unless the presence of protective antibodies is documented. Some 
clinicians defer immunizations in patients with CD4 cell counts below 200/uL because an 
immunologic response to vaccines may be blunted. 


A tuberculin skin test using purified protein derivative should be performed annually. In patients 
with HIV infection, a tuberculin skin test resulting in 5 or more mm of induration is considered 
positive. Treatment for latent tuberculosis infection is indicated for all patients who have a 
positive tuberculin skin test or have had recent contact with a person with tuberculosis once 
active tuberculosis has been excluded by clinical evaluation and chest radiography (see 
Mycobacterium tuberculosis Infection). 


Women with HIV infection have a higher incidence of cervical dysplasia and invasive cervical 
carcinoma, and many experts therefore suggest more frequent Pap smear screenings in these 
patients. One approach is to obtain two Pap smears 6 months apart and then annually if results 
are normal. Patients with abnormalities should be referred for colposcopy. Suppressive therapy 
for herpes simplex virus is recommended for both men and women with HIV infection who have 
frequent outbreaks of anogenital herpes simplex virus infection. 


Several drugs have been shown to provide effective prophylaxis against opportunistic infections 
in patients with HIV infection and to prolong life in some patients. The CD4 cell count is an 
indicator of immune competence. Recommendations regarding when to initiate prophylaxis are 
based on CD4 cell count levels below which these infections are likely to occur (Table 42). 
Many patients who receive highly active antiretroviral therapy (HAART) have marked increases 
in their CD4 cell counts, which appear to reflect immune reconstitution with initial return of 
memory cells, and, later, of naive CD4 lymphocytes. Recent guidelines recommend 
discontinuing primary and secondary prophylaxis for certain opportunistic infections when a 
sustained (3- to 6-month) rise in the CD4 cell count occurs above the threshold for prophylaxis 
initiation. Data support the withdrawal of primary and secondary prophylaxis for Pneumocystis 
jirovecii pneumonia, Mycobacterium avium complex infection, and toxoplasmosis. Data also 
support the withdrawal of secondary prophylaxis for cytomegalovirus infection after the CD4 
cell count increases to 100 to 150/uL. If the count subsequently falls below the threshold for 
initiating prophylaxis, prophylactic therapy should be resumed. 


Because of the improved longevity in patients with HIV infection, it is important to perform 
standard health maintenance measures, including screening for breast cancer, colorectal cancer, 
and hyperlipidemia. 


Table 42. Prophylaxis for Opportunistic Infections in 
Patients with HIV Infection 


Pneumocystis jirovecii pneumonia (PCP): CD4 cell count <200/uL CD4% <14, Recurrent 
Candidiasis, Persistent Fever, Previous PCP 


Drug Dose Side Effects Comments 
TMP-SMX 1 DS tab daily; Nausea, vomiting, Drug of choice; many clinicians 
or pruritus, rash, cytopenia, advocate desensitization for allergy; 
fever, elevated requires concomitant toxoplasmosis 
1 SS tab daily; aminotransferases, high and bacterial prophylaxis 
or incidence of allergy (Streptococcus pneumoniae, 
Shigella, Staphylococcus aureus); 
1 DS tab 3 avoid in patients with G6PD 
times weekly deficiency 
Dapsone 100 mg/d Rash, pruritus, hepatitis, | Requires concomitant toxoplasmosis 
anemia, neutropenia, prophylaxis with pyrimethamine, 50 


hemolytic anemia with or mg/wk, and folinic acid, 25 mg/wk; 
without G6PD deficiency check for G6PD deficiency before 


use 
Atovaquone 750 mg BID Rash, GI intolerance, Take with food 
diarrhea 
Pentamidine, 300 mg by Cough, wheezing, chest Associated with greater failure rate 
aerosolized mouth using _ pain, laryngitis, dyspnea 
Respiguard I? 


nebulizer 


Toxoplasmosis: CD4 cell count <100/uL positive Toxoplasma IgG antibody titer 


Drug(s) Dose Side Effects Comments 
TMP-SMX 1 DS tab daily; See PCP prophylaxis Drug of choice; requires 
or above concomitant PCP prophylaxis 


1 SS tab daily 


Dapsone 50 mg/d Bone marrow suppression, Requires concomitant PCP 
GI intolerance prophylaxis 

Pyrimethamine 50 mg weekly 

Leucovorin 25 mg weekly 

Dapsone 200 mg See PCP prophylaxis 
weekly above 

Pyrimethamine 75 mg weekly 

Leucovorin 25 mg weekly 

Mycobacterium avium complex infection: CD4 cell count <50/uL (0.05 x 10°/L) 
Drug Dose Side Effects Comments 

Azithromycin 1200 mg GI intolerance, diarrhea Most cost-effective regimen. 

weekly Breakthrough infections with 


resistance to macrolides 


Clarithromycin 500mg BID Gl intolerance, headache, Breakthrough infections with 
elevated aminotransferases resistance to macrolides 


Rifabutin 300 mg/d Orange urine, rash, GI Dosage must be adjusted if used 
intolerance, neutropenia, with protease inhibitors or non- 
dose-related uveitis nucleoside reverse transcriptase 

inhibitors 


BID = twice daily; DS tab = double-strength tablet; GI = gastrointestinal; G6PD = glucose-6- 
phosphate dehydrogenase; SS tab = single-strength tablet; TMP-SMX = trimethoprim- 
sulfamethoxazole. 
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Complications of HIV Infection in the HAART Era 


e Metabolic Disorders 
e Cardiovascular Disease 


e Immune Reconstitution Inflammatory Syndrome 
e Opportunistic Infections 
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Metabolic Disorders 


The use of HAART has resulted in tremendous improvements in morbidity and mortality in 
patients with HIV infection. However, use of these agents is also associated with morphologic 
body changes, including fat accumulation (lipohypertrophy) in the abdomen and breasts; fat loss 
(lipoatrophy) in the face, buttocks, and extremities; or a combination of both. 


The cause of these abnormalities is not well understood but is thought to be related to HIV 
and/or the direct and indirect effects of antiretroviral agents. 
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Cardiovascular Disease 


Soon after the introduction of HAART, there were several reports of cardiovascular events 
occurring in relatively young patients taking these agents. Several observational studies yielded 
conflicting results. A large prospective trial, the Data Collection on Adverse Events of Anti-HIV 
Drugs (D:A:D) study, is an international collaboration of 11 cohorts of investigators that 
followed 23,437 patients with HIV infection in the United States, Europe, and Australia. 
Investigators found that increased exposure to protease inhibitors, but not non-nucleoside reverse 
transcriptase inhibitors, is associated with an increased risk of myocardial infarction, which is 
partly explained by dyslipidemia. 


Another major observation of the D:A:D study was the importance of traditional risk factors for 
cardiovascular disease in this patient population. Based on a multivariate analysis, significant 
predictors of increased cardiovascular risk in patients taking HAART were older age, male sex, 
history of previous cardiovascular events, family history of heart disease, and smoking. 
Clinicians treating patients with HIV infection must therefore identify and aggressively treat 
conditions that are risk factors for cardiovascular disease, especially smoking, hypertension, 
diabetes mellitus, obesity, and dyslipidemia. 
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Immune Reconstitution Inflammatory Syndrome 


HAART suppresses HIV viral replication, which prevents further clinical deterioration and 
allows the immune system to regenerate. An abrupt transition to a pathologic inflammatory state 
occurs in a small subset of patients taking HAART, which results in clinical deterioration despite 
immunologic and virologic control. This inflammatory response has been given many names, 
including immune reconstitution inflammatory syndrome (IRIS), HAART attacks, immune 
restoration/recovery state, and immune rebound illness. IRIS is the term most often used. 


There are two forms of IRIS: unmasking and paradoxical. Both develop more often in patients 
with advanced HIV infection who are just beginning HAART. Unmasking IRIS occurs in 
patients with an occult subclinical infection in whom HAART causes improvement of immune 
function with the ability to mount an effective response against pathogens. Paradoxical IRIS is a 
clinical recurrence of a previously successfully treated infection and is primarily due to the 
presence of persistent antigens. 


The timing of IRIS after initiation of HAART varies from as little as 3 days to as long as 5 years. 
Management is conservative. Occasional use of corticosteroids is needed for severe reactions. 
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Opportunistic Infections 


Opportunistic infections remain a significant cause of morbidity and mortality in patients with 
HIV/AIDS. These infections result from an imbalance in cell-mediated immunity. The immune 
system is no longer able to maintain control in patients with HIV infection, which allows fungi, 
bacteria, and viruses to invade impaired hosts and cause disease. In healthy persons, infections 
with these pathogens may result in a mild illness followed by recovery. In patients infected with 
HIV, severe illness may occur because the immune system is impaired. This discussion will be 
limited to the major AIDS-defining opportunistic infections. 
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Cryptococcal Infections 


Cryptococcal meningitis is the most common form of meningitis in patients with AIDS, who 
typically present with symptoms such as headache, irritability, and nausea that can mimic other 
disorders. Most patients have a CD4 cell count of less than 100/uL. The diagnosis is based on 
detection of cryptococcal antigen in the cerebrospinal fluid (CSF) or culture of Cryptococcus 
neoformans in the CSF. Treatment is divided into three phases (induction, consolidation, and 
maintenance). The usual induction therapy is amphotericin B, with or without flucytosine, for 14 
days followed by fluconazole for 8 weeks during the consolidation phase. Therapy during the 
maintenance phase is continuous fluconazole until the patient has successfully completed a 
course of initial therapy, has no signs and symptoms of cryptococcosis, and has a documented 
sustained increase in the CD4 cell count ( >200/uL for >6 months). 
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Cytomegalovirus Infection 


Cytomegalovirus is a common pathogen that occurs in late stages of HIV infection, usually in 
patients with a CD4 cell count of less than 50/uL. It can be associated with either disseminated 
or localized end-organ disease. Many organs may be involved, including the retina, 
gastrointestinal tract, and nervous system. Cytomegalovirus only rarely invades the lungs in 
patients with HIV infection. Treatment involves the use of ganciclovir induction followed by 
maintenance therapy with this agent. Other agents that have been used in patients who are 
intolerant to ganciclovir or have dose-limiting toxicity are foscarnet and cidofovir. The length 
and type of treatment depends on the specific organ system involved. 
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Mycobacterium avium complex Infection 


Disseminated Mycobacterium avium complex infection is common in patients with advanced- 
stage HIV infection and a CD4 cell count of less than 50/uL. Symptoms include fever, weight 
loss, hepatosplenomegaly, malaise, and abdominal pain. The diagnosis is generally confirmed by 
recovering the pathogen from sterile tissue (usually blood). Treatment consists of a combination 
of a macrolide and ethambutol with or without rifampin. 
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Pneumocystis jirovecii Pneumonia 


Pneumocystis jirovecii pneumonia remains the most common AIDS-defining illness and cause of 
death in patients with AIDS. The diagnosis should be considered in any patient with a CD4 cell 
count of less than 200/uL who presents with fever, dry cough, and dyspnea developing over 
several days or weeks. The chest radiograph typically shows bilateral interstitial infiltrates, but 
findings can vary from a normal film to consolidation or a pneumothorax. The diagnosis is 
established by silver stain examination of induced sputum or a bronchoscopic sample showing 
characteristic cysts. A 3-week course of trimethoprim-sulfamethoxazole is the standard 
treatment. Corticosteroids are required for patients with evidence of hypoxia (arterial PO2 <70 
mm Hg or an alveolar-arterial gradient >35 mm Hg) and should be continued for the entire 
course of treatment. 
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Toxoplasmosis 


Toxoplasmosis almost always presents as reactivation disease in patients with HIV infection and 
typically occurs when the CD4 cell count is less than 100/uL. Additional findings are fever, 
neurologic deficits, and an MRI showing ring-enhancing lesions (Figure 12). Sulfadiazine plus 
pyrimethamine and folinic acid are given initially. Follow-up MRI is critical to assess treatment 


response. If there is no therapeutic response after 14 days, stereotactic brain biopsy is 
recommended to rule out other causes, especially a primary central nervous system lymphoma. 


Figure 12. Imaging studies of toxoplasmosis encephalitis. 


T1-weighted MRI scan with contrast enhancement demonstrating ring enhancement. 
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Treatment of HIV Infection 


The U.S. Department of Health and Human Services (DHHS) 
(http://aidsinfo.nih.gov/Guidelines/Default.aspx?Menultem=Guidelines&Search=On) and the 
International AIDS Society-USA (IAS-USA) (www.iasusa.org/guidelines/index.html) frequently 
update guidelines for use of antiretroviral therapy in patients with HIV infection. Current 
guidelines review the goals of therapy, when to begin treatment, and how to use available 
antiretroviral agents. 


The goals of antiretroviral therapy are to prolong life, avoid destruction or allow reconstitution of 
the immune system, prevent opportunistic infections, and provide improved quality of life by 
reducing HIV-related symptoms. Effective therapy aims to lower the HIV RNA viral load to less 
than 50 copies/mL in all patients, whether treatment naive or treatment experienced. Such 
dramatic reductions in viral load improve prognosis, minimize the development of resistance, 
and prolong the duration of the antiretroviral response. 
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When to Initiate Treatment 


The most appropriate time to begin treating patients with HIV infection is not known and is an 
issue of great debate. Current guidelines recommend initiating antiretroviral therapy in patients 
with a history of an AIDS-defining illness or a CD4 cell count of less than 350/uL. In addition, 
strong evidence from clinical trials suggests that treating patients with an AIDS-defining illness 
and a CD4 cell count of less than 200/uL improves survival and reduces disease progression. 
Table 43 lists the indications for starting antiretroviral therapy in treatment-naive patients. 


The guidelines have recently been changed to include the recommendation to treat all patients 
with HIV infection, regardless of their CD4 cell count, who have evidence of HIV nephropathy 
or hepatitis B co-infection that requires treatment or women who are pregnant. 


Table 43. Indications for Beginning Antiretroviral Therapy 
in Patients with HIV Infection 


Patients with a history of an AIDS-defining illness 

Patients with a CD4 cell count <350/uL 

Patients with HIV-associated nephropathy 

Patients with co-infection with chronic hepatitis B that requires treatment 
Patients who are pregnant 


The optimal time to initiate therapy in asymptomatic patients with a CD4 cell count >350/uL 
who do not meet any of the above criteria is not well defined. Patient scenarios and 
comorbidities should be taken into consideration. 
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Antiretroviral Agents 


Twenty-five antiretroviral agents are currently approved for treating HIV infection (Table 44). 
Six different antiretroviral drug classes are licensed. These are nucleoside/nucleotide reverse 
transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), 
protease inhibitors, fusion inhibitors, integrase inhibitors, and co-receptor antagonists. The 
NRTIs are nucleoside/nucleotide analogues and act as chain terminators that impair the 
transcription of viral RNA into DNA. The NNRTIs inhibit reverse transcriptase by binding to the 
enzyme. Protease inhibitors impair the packaging of viral particles into a mature virus capable of 
budding from the cell and productively infecting additional lymphocytes. The fusion inhibitors 
impair membrane fusion of HIV to T cells, thus preventing one of the key steps in entry. Co- 
receptor antagonists block a second major step in entry by binding to the chemokine receptors 
(CCR5 or CXCR4), and integrase inhibitors prevent incorporation of viral DNA into the host cell 
genome. 


Recommended first-line regimens include two NRTIs plus either a NNRTI or a protease 
inhibitor. The DHHS guidelines currently indicate that the preferred NRTI is a fixed-dose 
formulation of emtricitabine/tenofovir, the NNRTI-containing agent is efavirenz, and the 
protease inhibitors are lopinavir/ritonavir, fosamprenavir/ritonavir, darunavir/ritonavir, or 
atazanavir/ritonavir. Efavirenz is contraindicated in women of child-bearing age because of its 
teratogenic effects (pregnancy risk category D). The protease inhibitors are frequently prescribed 
in combination with low-dose ritonavir (100 mg daily or twice daily), a technique known as 
boosting. Ritonavir is a potent inhibitor of the cytochrome P-450 system, specifically the 
CYP3A4 isoenzyme. All protease inhibitors are a substrate of this enzyme. This inhibition 
increases the trough level and prolongs the half-life of these drugs. 


Common side effects and toxicities of antiretroviral agents are listed in Table 45. 


Table 44. Antiretroviral Agents Approved by the U.S. Food 
and Drug Administration - 2008 


Nucleoside/Nucleotide Reverse Transcriptase Inhibitors 
Abacavir (Ziagen®) 

Didanosine (Videx®) 

Emtricitabine (Emtriva®) 

Lamivudine (Epivir®) 


Stavudine (Zerit) 
Tenofovir (Viread®) 
Zalcitabine (Hivid®) 
Zidovudine (Retrovir®) 
Non-Nucleoside Reverse Transcriptase Inhibitors 
Delavirdine (Rescriptor®) 
Efavirenz (Sustiva®) 
Etravirine (Intelence®) 
Nevirapine (Viramune®) 
Protease Inhibitors 
Atazanavir (Reyataz®) 
Darunavir (Prezista®) 
Fosamprenavir (Lexiva®) 
Indinavir (Crixivan®) 
Lopinavir/ritonavir (Kaletra®) 
Nelfinavir (Viracept®) 
Ritonavir (Norvir®) 
Saquinavir HGC (Invirase®) 
Saquinavir SGC (Fortovase®) 
Tipranavir (Aptivus®) 
Fusion Inhibitors 
Enfuvirtide (Fuzeon®) 
Co-receptor Antagonists 
Maraviroc (Selzentry®) 
Integrase Inhibitors 
Raltegravir (Isentress®) 


HGC = hard gel capsule; SGC = soft gel capsule. 


Table 45. Common Side Effects and Toxicities of 
Antiretroviral Therapy 


Side Effect/Toxicity Antiretroviral Agent 
Anemia Zidovudine 
Leukopenia Zidovudine 
Pancreatitis Didanosine 
Peripheral neuropathy Didanosine, stavudine, zalcitabine 


Rash Non-nucleoside reverse transcriptase 


inhibitors 


Teratogenic Efavirenz (pregnancy risk category D) 
Indirect hyperbilirubinemia Atazanavir, indinavir 

Hepatitis Nevirapine, tipranavir 

Nephrolithiasis Atazanavir, indinavir 
Hypersensitivity Abacavir 

Central nervous system symptoms (dizziness, vivid Efavirenz 

dreams) 

Diarrhea Lopinavir/ritonavir, nelfinavir 
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Resistance Testing 


Two types of resistance tests, genotype and phenotype, are used in clinical practice. Genotype 
testing identifies mutations present to reverse transcriptase and protease genes. Because such 
tests typically measure only dominant species when the assay is performed, resistant strains that 
account for less than 20% of the total viral populations are not detected. Genotype results are 
generally available in 1 to 2 weeks. Phenotype testing measures the ability of HIV to grow in the 
presence of varying concentrations of antiretroviral drugs. This procedure involves recombining 
the patient’s gene sequences with a laboratory HIV clone and measuring the replication of the 
virus in different drug concentrations. The concentrations that inhibit 50% (ICso) and 90% (ICo0) 
of the virus are compared with a reference strain of HIV. Reporting of phenotype results can take 
2 to 3 weeks. 


Resistance testing is recommended for patients who develop acute HIV infection (within 6 to 12 
months of virus transmission), compliant patients who fail to benefit from adequate therapy, and 
treatment-naive patients with chronic HIV infection. 


There are several caveats to resistance testing: 


1. Resistance testing measures only dominant species (>20% of the viral population) when 
the test is performed. 

2. An HIV RNA viral load of greater than 500 copies/mL must be present to perform the 
test. 

3. Genotype mutations may be difficult to interpret because of the multiple mutations that 
are required for drug resistance and cross-resistance. 

4. Consultation with an HIV expert improves results. 
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HIV Vaccine 


Historically, a vaccine has been one of the most effective means of combating and controlling 
infectious diseases. Extensive efforts have been made to develop an effective vaccine to combat 
HIV infection. Despite several clinical trials evaluating therapeutic and preventive vaccines, 
none has been found to be effective. An HIV vaccine is generally considered as the most likely 
and perhaps only way to halt the AIDS pandemic. However, after more than 20 years of 
research, HIV remains a difficult target for a vaccine, and, currently, no vaccines appear close to 
development. 
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Viral Infections 


Influenza Viruses 


e Herpes Simplex Viruses 
e Varicella-Zoster Virus 


Key Points 


e Influenza viruses are classified into three types, influenza A, B, and C, but only influenza 
A and B viruses are communicable in humans. 

e Typically, the adamantanes (amantadine and rimantadine) are effective against influenza 
A virus, whereas neuraminidase inhibitors (oseltamivir and zanamivir) are effective 
against both influenza A and B viruses, but because of emergence of resistance, treatment 
guidelines are now based on the predominant circulating strain and its expected 
susceptibility. 

e Avian influenza virus (H5N1) or “bird flu” and a novel HIN1 virus (“swine flu”) are 
subtypes of influenza A virus that have recently developed in humans, who have little or 
no immune protection to these viruses. 

e Herpes simplex virus type 1 more commonly affects the mouth (herpes labialis), whereas 
herpes simplex virus type 2 is much more common in the anogenital region (genital 
herpes). 

e Polymerase chain reaction assay of cerebrospinal fluid is a highly sensitive test for 
detecting herpes simplex virus encephalitis. 

e Systemic therapy with acyclovir, valacyclovir, or famciclovir alleviates symptoms of 
primary and recurrent herpes simplex virus type 1 and 2 infections and reduces 
subsequent outbreaks and viral shedding. 

e In patients with possible herpes simplex virus encephalitis or other clinically severe 
herpes virus infections, presumptive treatment with parenteral acyclovir is warranted 
while the diagnostic workup is being completed. 

e Varicella (chickenpox) causes a diffuse, intensely pruritic, vesicular rash; the vesicles 
appear in crops in various stages of development. 

e Acyclovir is currently the only antiviral agent recommended for treating varicella. 

e Varicella vaccine given within 3 to 5 days of exposure will prevent or lessen the severity 
of infection in otherwise healthy, nonpregnant, susceptible adults. 

e Antiviral therapy can lessen acute herpes zoster pain severity, speed lesion healing, and 
decrease postherpetic neuralgia incidence and severity. 

e Administration of a live attenuated herpes zoster vaccine to persons older than 60 years 
can decrease postherpetic neuralgia incidence and decrease pain duration in patients who 
develop this disorder. 
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Influenza Viruses 


Influenza viruses belong to the family Orthomyxoviridae and are classified into three distinct 
types, influenza A, B, and C, based on major antigenic differences. Influenza A and B viruses are 
responsible for most seasonal influenza epidemics each year. Hemagglutinin (H) and 
neuraminidase (N) are proteins found in influenza A viruses that are used to further define these 


virus subtypes (for example, HIN1, H3N2). Different types and subtypes of viruses can circulate 
over the course of an influenza season. In addition, influenza viruses are constantly changing by 
a process called “antigenic drift.” 


Influenza is the most frequent cause of death from a vaccine-preventable disease in the United 
States. Each year, approximately 5% to 20% of the U.S. population develops influenza, resulting 
in about 200,000 hospitalizations and 36,000 influenza-associated pulmonary and circulatory 
deaths annually. Attack rates during outbreaks may be as high as 10% to 40%. In the Northern 
Hemisphere, most disease occurs from November to as late as May. 


Influenza is an acute contagious illness that attacks the respiratory tract in humans. The 
incubation period is typically 1 to 4 days after exposure. Signs and symptoms may include fever 
(usually high), headache, extreme fatigue, nonproductive cough, sore throat, nasal congestion, 
rhinorrhea, and myalgia. Gastrointestinal symptoms (nausea, vomiting, and diarrhea) may also 
occur but are more common in children. 
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Prevention and Treatment 


The current strategy for influenza control includes primary prevention with vaccination targeting 
persons at high risk for complications. High-risk persons may also be protected from exposure to 
influenza virus by immunizing persons with whom they have frequent, close contact. Protection 
of caregivers from influenza may reduce interruptions in care during influenza epidemics and 
reduce potential exposure to patients. Antiviral chemoprophylaxis provides immediate protection 
(unlike vaccine) and may be useful in persons who have not been vaccinated or who are not 
expected to respond to a vaccine or until vaccine-induced immunity becomes effective (about 2 
weeks after vaccination); however, antiviral chemoprophylaxis is expensive and can be 
associated with side effects. Persons who are candidates for chemoprophylaxis include residents 
in an assisted-living facility during an influenza outbreak, persons who are at higher risk for 
influenza-related complications and have had recent household or other close contact with a 
person with laboratory-confirmed influenza, and health care workers who have had recent close 
contact with a person with laboratory-confirmed influenza. 


Two classes of antiviral agents, neuraminidase inhibitors and adamantanes, have efficacy against 
some strains of influenza virus (Table 46). 


Neuraminidase inhibitors (oseltamivir and zanamivir) are typically active against influenza A 
and influenza B viruses. Oseltamivir is given orally, and zanamivir is only available as an 
inhaled powder. These antiviral agents are most effective when therapy is started within the first 
24 hours of symptom development but are not found to confer benefit when begun 48 or more 
hours after symptom development. 


The adamantanes (amantadine and rimantadine) are only active against some types of influenza 
A virus. However, because of the emergence of influenza A virus resistance to adamantanes, the 


Centers for Disease Control and Prevention (CDC) and the U.S. Advisory Committee on 
Immunization Practices (ACIP) recommend that these agents not currently be used for the 


treatment or chemoprophylaxis of influenza A in the United States. 


Table 46. Antiviral Agents for Influenza 


Characteristics | Amantadine” Rimantadine* Zanamivir Oseltamivir 

Protein target M2 inhibitor M2 inhibitor Inhibition of the Inhibition of the 

influenza influenza 
neuraminidase neuraminidase 
enzyme enzyme 

Activity Influenza A only Influenza A only Influenza A and B Influenza A and B 

Side effects CNS (13%), GI CNS (6%), GI Bronchospasm GI (9%) 

(3%) (3%) 
Metabolism None Multiple None Hepatic 
(hepatic) 

Excretion Renal Primarily renal Renal Renal (tubular 

secretion) 

Drug interactions Antihistamines, None None Probenecid 
anticholinergic (increased levels of 
agents oseltamivir) 

Dose adjustments Patients >65 Patients >65 None CrCl <30 mL/min; 

needed years; CrCl <50 years; CrCl <10 severe liver 
mL/min mL/min dysfunction 

Contraindications Acute-angle Severe liver Underlying 
glaucoma dysfunction airways disease 

FDA-Approved Indications 

Therapy Adults and Adults only Adults and children Adults and 
children >1 year >7 years children >1 year 

Prophylaxis Yes Yes No Adults and 


children >13 years 


CNS = central nervous system; CrCl = creatinine clearance; FDA = U.S. Food and Drug 


Administration; GI = gastrointestinal. 


“Currently not recommended as general empiric therapy but can be used when oseltamivir 


resistance is suspected in patients with seasonal influenza A (H1N1) virus. 


Reprinted with permission from Mandell GL, Bennett JE, Dolin R. Principles and Practice of 
Infectious Diseases. 6th ed. London, England: Churchill Livingstone; 2002:Table 162-5. 


Copyright 2004, Elsevier. 
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Drug-Resistant Influenza Viruses 


Adamantane resistance among circulating influenza A viruses has increased rapidly worldwide 
over the past several years, increasing from 0.4% during the 1994-1995 influenza season to 
12.3% during the 2003-2004 season. In 2005-2006 in the United States, a rate of adamantane 
resistance of 92% was reported in influenza A H3N2 strains, but susceptibility to neuraminidase 
inhibitors was retained and these trends were sustained in the 2006-2007 season. Influenza A 
viral resistance to the adamantanes can emerge rapidly and confer cross-resistance to amantadine 
and rimantadine; therefore, the CDC and ACIP continue to recommend against using 
adamantanes for the treatment or chemoprophylaxis of influenza A in the United States until 
susceptibility has been reestablished among circulating influenza A viruses. 


Historically, neuraminidase inhibitor resistance was uncommon (<1%). However, in 2008-2009, 
resistance to oseltamavir increased significantly. Consequently, treatment guidelines are now 
based on the predominant circulating strain (Table 47). 


Table 47. Interim Recommendations for the Selection of 
Influenza Antiviral Treatment Using Laboratory Test 
Results and Viral Surveillance Data, United States, 2008- 
2009 Season” 


Rapid Antigen or Other Predominant Influenza Preferred Alternative 
Laboratory Test Virus(es) in Medication(s) (Combination Antiviral 
Community Treatment) 
Not done or negative, but H1N1 or unknown Zanamivir Oseltamivir plus 
clinical suspicion for rimantadine” 
influenza 
Not done or negative, but H3N2 or B Oseltamivir or None 
clinical suspicion for zanamivir 
influenza 
Positive A H1N1 or unknown Zanamivir Oseltamivir plus 
rimantadine” 
Positive A H3N2 or B Oseltamivir or None 
zanamivir 
Positive B Any Oseltamivir or None 
zanamivir 
Positive A+B° H1N1 or unknown Zanamivir Oseltamivir plus 
rimantadine” 


Positive A+B° H3N2 or B Oseltamivir or None 


zanamivir 


“Influenza antiviral medications used for treatment are most beneficial when initiated within the 
first 2 days of illness. Clinicians should consult the package insert of each antiviral medication 
for specific dosing information, approved indications and ages, 
contraindications/warnings/precautions, and adverse effects. 


> Amantadine can be substituted for rimantadine but is associated with an increased risk of 
adverse events. Human data are lacking to support the benefits of combination antiviral treatment 
of influenza; however, these interim recommendations are intended to assist clinicians treating 
patients who might be infected with oseltamivir-resistant influenza A (H1N1) virus. 


“Positive A+B indicates a rapid antigen test that cannot distinguish between influenza and 
influenza B viruses. 


Reprinted from the Centers for Disease Control and Prevention. 
http://www2a.cdc.gov/HAN/ArchiveS ys/ViewMsgV.asp?AlertNum=00279. Published 
December 19, 2008. Accessed on July 31, 2009. 
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Emergence of New Influenza Viruses 


Influenza A viruses can infect humans, birds, pigs, horses, seals, whales, and other animals, but 
wild birds are the natural hosts for these viruses. Birds are only infected with influenza A 
viruses, which circulate among birds worldwide. Although wild birds usually do not become ill 
when infected with these viruses, domestic poultry, such as turkeys and chickens, can become 
very ill and die. Infected birds shed virus in saliva, nasal secretions, and feces, and the virus 
spreads among susceptible birds that have contact with contaminated excretions. 


Avian influenza virus (H5N1), or “bird flu,” is an influenza A virus that does not typically infect 
humans. In 1997, however, the first cases of direct bird-to-human spread were documented 
during an outbreak of avian influenza virus infection among poultry in Hong Kong. The virus 
caused severe respiratory illness in 18 patients, and 6 died. Other human cases have subsequently 
been reported. Although most patients became ill after contact with infected poultry or 
contaminated surfaces, a few cases of human-to-human spread of HSN1 virus may have 
occurred. Human infection has primarily been reported in Asia and parts of Europe and Africa. 
Because influenza viruses are able to mutate, there is concern that the HSN1 virus could easily 
spread from person to person. Because humans have had minimal exposure to this virus, there is 
little or no immune protection in the human population, and an influenza pandemic could 
possibly occur if the virus becomes readily communicable. 


Novel H1N1 virus (“swine flu”) is an emerging influenza A virus. It was first detected in humans 
in the United States in April 2009. Since then, all of the United States and more than 70 countries 
have confirmed cases. Symptoms (cough, fever, and runny nose) are similar to those occurring in 
seasonal influenza as is the mode of spread, including person-to-person transmission. This virus 
is susceptible to neuraminidase inhibitors but resistant to the adamantanes. 


Pigs can be infected with human, avian, and swine influenza viruses; consequently, they 
potentially may be infected with influenza viruses from different species (for example, ducks and 
humans) simultaneously. If this happens, genetic reassortment is possible, creating a new and 
potentially more communicable and/or virulent virus. Symptoms in infected pigs are similar to 
those in humans. 
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Herpes Simplex Viruses 


Herpes simplex viruses (HSV) types 1 and 2 are enveloped DNA viruses that cause chronic 
latent infection in sensory nerve ganglia. Primary infection with either virus may be clinically 
evident or may go unrecognized. Both HSV-1 and HSV-2 reactivate after a latent period to cause 
recurrent signs and symptoms. Both predominantly affect the mouth (herpes labialis) or the 
genitals (genital herpes), depending on the exposure. However, HSV-1 is much more common in 
the mouth, and HSV-2 is more common in the anogenital region. 


Primary HSV-1 infection occurs following exposure to the secretions (usually saliva) of infected 
persons while they are shedding the virus. Signs and symptoms include shallow ulcerations of 
the oral mucosa, tongue, and gingiva that may be accompanied by fever. Reactivation and 
clinical recurrences may be spontaneous or triggered by various factors such as trauma or 
immune suppression. Recurrences of HSV-1 infection may appear similar to primary infection 
but are usually clinically less severe. In immunocompromised patients, primary HSV-1 infection 
and reactivation may be severe and life-threatening. 


Relatively common extraoral manifestations of HSV-1 infection in immunocompetent adults 
include lesions of the eyes (HSV keratitis), central nervous system (HSV encephalitis), and 
hands (herpetic whitlow) (Figure 13). 


Figure 13. Painful erosion on the distal finger characteristic 
of herpetic whitlow. 


This lesion was preceded by grouped, confluent vesicles on an erythematous base. 


Encephalitis presents with fever, seizures, and altered mental status. CT or MRI of the brain 
shows evidence of temporal-parietal lesions. Focal seizure activity in the temporal-parietal area 
is typically evident on electroencephalograms. 


Patients with primary HSV-2 infection who have clinically evident symptoms present with 
painful ulcerations on the mucosal and cutaneous surfaces of the genital area (see Sexually 
Transmitted Infections and MKSAP 15 Dermatology). Fever, malaise, and headache may also 
occur. Rarely, headache and neck stiffness develop, suggesting meningitis. Patients with 
recurrent genital herpes may present with burning, erythema, and dysuria as well as classic 
herpetic lesions. The average patient has four recurrences yearly that are likely to be clinically 
milder than the initial episode but vary in severity. 


A clinical diagnosis of HSV-1 or HSV-2 lesions is easily made when viral infection has 
previously been confirmed and when recurrent lesions appear characteristic. When the diagnosis 
is less certain, HSV may be detected by viral culture or polymerase chain reaction (PCR) assay 
of fluid from a lesion. If HSV encephalitis is suspected, PCR assay of cerebrospinal fluid is 
highly sensitive for detecting the virus. Type-specific serologic testing is available and is useful 
for diagnosing chronic infection but not for identifying the cause of mucocutaneous or central 
nervous system lesions. 
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Treatment 


Various antiviral agents are effective against HSV-1 and HSV-2. Acyclovir is the prototypical 
drug in this group. It is activated by viral thymidine kinase and then inhibits viral DNA 
polymerase to inhibit viral DNA synthesis. Valacyclovir (the acyclovir prodrug), penciclovir, 
and famciclovir have similar mechanisms of action. Foscarnet acts by inhibiting viral 
polymerases and does not require phosphorylation by viral thymidine kinase. Trifluridine and 
vidarabine are available as topical agents for the treatment of herpes keratoconjunctivitis. 


Systemic therapy with acyclovir, valacyclovir, or famciclovir alleviates symptoms of primary 
and recurrent HSV-1 and HSV-2 infections and reduces subsequent outbreaks and viral 
shedding. The choice of whether to use oral or intravenous therapy for treatment of an infection 
due to HSV-1 or HSV-2 should be based on the patient’s ability to tolerate oral medication and 
the severity of the clinical presentation. Chronic suppressive antiviral therapy prevents outbreaks 
of genital herpes. Topical application of acyclovir has shown little clinical benefit in the 
treatment of HSV infections, and its use should be discouraged. 


In patients with possible herpes encephalitis or other clinically severe HSV infections, 
presumptive treatment with parenteral acyclovir is warranted while the diagnostic evaluation is 
being completed. 
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Drug-Resistant Herpes Simplex Viruses 


Viral mutation in the thymidine kinase gene is the usual cause of acyclovir resistance, which has 
been described in immunocompromised patients. Acyclovir-resistant HSV infection should 
therefore be suspected in an immunocompromised patient who has herpetic lesions that are 
clinically unresponsive to acyclovir or related antiviral agents. Foscarnet is the drug of choice for 
clinically severe infection due to acyclovir-resistant HSV. Valacyclovir, penciclovir, and 
famciclovir should not be used in this setting. 
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Varicella-Zoster Virus 


Varicella-zoster is a human herpesvirus that causes both varicella (chickenpox) and herpes zoster 
(shingles). Varicella is a primary infection that occurs mostly in children. Following infection, 
the varicella-zoster virus remains latent in the sensory dorsal root ganglia. Reactivation causes 
herpes zoster. 
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Varicella (Chickenpox) 


In the United States, more than 90% of adults have serologic evidence of varicella immunity. 
The infection is highly contagious and is transmitted by aerosolized droplets from respiratory 
secretions or by direct contact with the fluid from vesicular skin lesions. The incubation period is 
10 to 21 days. 


Varicella causes a febrile illness associated with a diffuse vesicular rash. The vesicles appear in 
crops in various stages of development, are intensely pruritic, and generally crust and heal within 
1 week (Figure 14). Because the lesions are so pruritic, scratching can lead to secondary 
bacterial skin infections. Other serious complications include invasive group A streptococcal 
infections (toxic shock syndrome and necrotizing fasciitis), cerebellar ataxia, severe encephalitis, 
and pneumonia. Varicella is more likely to disseminate and cause complications in 
immunocompromised patients. However, varicella pneumonia can occur in immunocompetent 
persons. It occurs more often in adults than in children, develops with increased frequency in 
cigarette smokers and pregnant women, and is associated with high mortality rates. 


Figure 14. Vesicular lesions on an erythematous base are 
characteristic of varicella infection. 


The lesions occur in crops and are present in various stages on the same region of the skin. 
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Treatment 


Acyclovir is currently the only antiviral agent recommended for treating varicella. No specific 
treatment is needed for most children younger than 12 years of age, who generally have 
uncomplicated disease. Therapy is required for those at high risk for developing complications, 
including children older than 12 years of age, otherwise healthy adults, immunocompromised 
patients, and patients with pre-existing skin disorders or cardiopulmonary disease. 


Oral acyclovir should be given within the first 24 hours of the appearance of the rash. 
Immunocompromised patients or patients with complications such as pneumonia or 
encephalopathy should be given intravenous acyclovir. 
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Prevention 


The varicella vaccine is available as a single vaccine or in a combined form for immunization 
against mumps, measles, rubella, and varicella. The ACIP has recently updated its 
recommendations regarding use of this vaccine. All children should receive two doses—the first 
at 12 to 15 months of age and the second at 4 to 6 years of age. All susceptible adults should 
receive two doses at 4- to 8-week intervals. The varicella vaccine is a live virus vaccine and is 
therefore relatively contraindicated in immunocompromised patients. However, because varicella 
infection is associated with high morbidity rates in this patient population and because of the 
excellent efficacy of the vaccine, it is used in select groups of immunocompromised patients, 
such as susceptible persons with leukemia who are in remission. It is also used in susceptible 
HIV-positive adults with a CD4 cell count greater than 200/uL or in susceptible HIV-positive 
children with a CD4 cell count greater than 15%. 


Although most adults in the United States have serologic immunity to varicella, those who are 
susceptible and experience a close-contact exposure to the virus and are at high risk for 
developing complications of varicella should be considered for postexposure prophylaxis with 
varicella-zoster immune globulin, varicella vaccine, or acyclovir. Susceptible persons who are 
immunocompromised or pregnant should receive varicella-zoster immune globulin within 96 


hours of exposure. For healthy nonpregnant adults, varicella vaccine given within 3 to 5 days of 
exposure will prevent or lessen the severity of the infection. Alternatively, healthy adults can 
receive early treatment with acyclovir at the first sign of skin lesions. 
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Herpes Zoster (Shingles) 


After primary infection with varicella-zoster virus, the virus remains latent in the sensory dorsal 
root ganglia. Latency is maintained by the host’s cell-mediated immunity. This immunity 
diminishes with age or because of medical conditions such as malignancy or immunosuppressive 
therapy. Reactivation of the latent virus results in a painful vesicular eruption known as herpes 
zoster (shingles) (see MKSAP 15 Dermatology). The vesicular rash is usually preceded by 
pruritus and pain that is frequently described as deep, throbbing, or stabbing. The thoracic 
dermatomes are most often involved. However, reactivation of the virus within the trigeminal 
nerve ganglia may cause herpes zoster ophthalmicus, and, possibly, blindness, if not treated 


appropriately (Figure 15). 


Reactivation within the geniculate ganglion that affects the eighth cranial nerve may cause 
herpes zoster oticus (Ramsay Hunt syndrome). Immunocompromised patients are at high risk for 
developing disseminated herpes zoster (both cutaneous and visceral disease), which can be 
associated with high morbidity and mortality rates. 


In most immunocompetent patients, the lesions begin to crust within 7 to 10 days, and the acute 
pain syndrome resolves. If the pain persists, development of postherpetic neuralgia is likely. Risk 
factors include age older than 60 years at the onset of herpes zoster and having an acute episode 
of herpes zoster with severe pain and an extensive vesicular rash. 


ES 


Figure 15. Herpes zoster ophthalmicus. 


Involvement of the nasociliary branch of the trigeminal nerve manifests as vesicles on the tip of 
the nose and is a clue to corneal involvement. If not appropriately treated, this can lead to 
blindness. 
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Treatment 


The cornerstone of therapy for herpes zoster is antiviral agents and opiate analgesics. 
Corticosteroids may have a role in specific patients. When given within 72 hours of rash onset, 
the antiviral agents acyclovir, valacyclovir, and famciclovir have been shown to decrease the 
severity and duration of pain, promote more rapid healing of lesions, and possibly decrease the 
incidence and severity of postherpetic neuralgia. These benefits appear to be greatest in patients 
older than 50 years of age. Oral valacyclovir and famciclovir have improved bioavailability 
compared with oral acyclovir, which is poorly absorbed and requires a high pill burden. 


Although the benefits of antiviral therapy are well established, the benefits of corticosteroids plus 
acyclovir are less clear; in addition, no studies have been done regarding use of corticosteroids 
plus valacyclovir or famciclovir. Corticosteroids may help accelerate lesion healing, decrease the 
time to acute pain resolution, decrease insomnia incidence, facilitate quicker return to normal 
daily activities, and decrease the need for analgesic pain medicine. Unfortunately, they do not 
appear to reduce the incidence of postherpetic neuralgia. Because the benefits are modest, 
corticosteroids should probably be used only in patients with severe acute herpes zoster who 
have no contraindications to these agents. For patients at risk for postherpetic neuralgia, early 
adjuvant therapy with a tricyclic antidepressant (for example, amitriptyline) or an anticonvulsant 
(for example, gabapentin) should also be considered, although side effects often limit their 
usefulness. 
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Prevention of Herpes Zoster and Postherpetic Neuralgia 


In May 2006, the U.S. Food and Drug Administration approved the use of a live attenuated 
herpes zoster vaccine for persons older than 60 years. The vaccine can decrease the incidence of 
herpes zoster by approximately 50% and shorten pain duration for those patients who develop 
herpes zoster. It can also decrease postherpetic neuralgia incidence by approximately 67%. The 
vaccine is well tolerated, and a mild injection site reaction is one of the few side effects. Because 
it is a live virus vaccine, it is generally not recommended for pregnant women, patients with 
hematologic malignancies or HIV infection, or patients receiving immunosuppressive therapy. 
The herpes zoster vaccine is contraindicated in anyone with a history of anaphylaxis to any of its 
components, including neomycin and gelatin. It can be given to persons who have had a previous 
episode of herpes zoster and to those who are not certain if they have had chickenpox in the past 
(although up to 98% of adults in the United States are seropositive for varicella). There is no 
need to perform serologic testing for varicella immunity before giving the vaccine. To date, the 
ACIP has not made any specific recommendations about follow-up or booster vaccinations. 
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New Principles in Antibiotics 


Introduction 

New Antibacterial Drugs 

New Uses for Older Antibacterial Drugs 
Antibiotic Dosing 

Stewardship 


Key Points 


e Despite their sometimes significant morbidity, older antibiotics are being used more often 
for treating highly resistant pathogens. 

e Determining the correct antibiotic dose is more strongly influenced by improved 
understanding of drug-organism interaction than by reliance on serum drug levels; 
exceptions are vancomycin and the aminoglycosides. 

e Antibiotic stewardship programs aim to reduce unnecessary use of antibiotics, with 
particular attention to those drugs that are most likely to change the hospital ecology to 
favor more resistant bacteria. 
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Introduction 


Despite a significant recent reduction in the development of new drugs, several novel concepts in 
the use of antibiotics have emerged. These include (1) expanding the use of new drugs, (2) 
finding new uses for older drugs, (3) improving drug dosing, and (4) establishing stewardship 
programs for more effective utilization of drugs. 
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New Antibacterial Drugs 


The most recent antibacterial agents approved by the U.S. Food and Drug Administration are 
primarily new members of older antibiotic classes. Doripenem and ceftobiprole are both B- 
lactams, and tigecycline is a glycylcycline, which is related to the tetracyclines. However, what 
makes any new drug worthwhile is not its class but its potential to provide greater effectiveness 
than older agents. Although these three drugs are effective, early experience has not shown them 
to be clinically superior to other available antibiotics. 


Another newer drug, daptomycin, appears promising for treating staphylococcal bacteremia and 
right-sided endocarditis in addition to its known effectiveness for treating skin and skin structure 
infections. The pivotal study of daptomycin for treatment of bacteremia showed that it was 
equally effective for methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin- 
resistant S. aureus (MRSA) infections. Although daptomycin was no more effective than B- 
lactams for treating MSSA infections, it may be a useful alternative to vancomycin for treating 
MRSA infections in patients with fluctuating renal function or patients who require a relatively 
high (=2 ug/mL) vancomycin minimal inhibitory concentration (MIC). 


New evidence suggests that vancomycin MIC cutoffs have been too liberal, and there has been a 
downward adjustment for the MIC breakpoint for vancomycin-susceptible and vancomycin- 


intermediate S. aureus. This means that more S. aureus strains will be classified as intermediate 
and require broader use of alternative agents. 
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New Uses for Older Antibacterial Drugs 


Two relatively older drugs, linezolid and ertapenem, have been shown to be effective for treating 
diabetic foot infections without osteomyelitis. However, treatment should be limited to a 10- to 
14-day course because of cost and the potential risks of long-term therapy (mitochondrial 
toxicity for linezolid and need for intravenous infusion for ertapenem). 


Several older drugs that were formerly prescribed less often because of potential toxicity or 
unprofitability are now being used more often. There is good evidence that oral vancomycin is 
superior to metronidazole for treating severe Clostridium difficile colitis. Although patients with 
severe colitis have a 10% to 20% relapse rate with either drug, those given vancomycin have a 
higher response rate and more rapid improvement. Earlier concerns about an association between 
oral vancomycin and an increased risk for vancomycin-resistant enterococcal infections have 
decreased, and vancomycin is no longer considered more likely to cause resistance than 
metronidazole or other agents that also disrupt the normal colonic flora (see Infectious Diarrhea). 


Several gram-negative pathogens have become more widespread and have developed new 
mechanisms of resistance. Acinetobacter baumannii is becoming more common and more 
resistant in patients hospitalized in the United States and in wounded soldiers returning from 
combat in Asia. The increase in the number of cephalosporin-resistant strains (especially 
Klebsiella species and Escherichia coli) is alarming because these strains are usually widely 
resistant to other classes of drugs as well. The enzyme responsible for this resistance, extended- 
spectrum B-lactamase (ESBL), has become more widespread. Furthermore, several of these 
strains have also become carbapenem resistant. Because of increased carbapenem resistance, use 
of colistin and the polymyxins, which were formerly prescribed infrequently because of neural 
and renal toxicity, has become more common. These drugs have a unique spectrum for 
multidrug-resistant A. baumannii, Pseudomonas species, and ESBL-producing E. coli and 
Klebsiella pneumoniae. Neurotoxicity is now less of a concern, although reversible renal toxicity 
can be dose limiting. Although colistin and the polymyxins do have clinical efficacy, they are 
only indicated for critically ill patients. Therefore, cure rates for these agents are somewhat 
disappointing. 


Tigecycline has in vitro activity against A. baumannii and many ESBL-producing pathogens. 
However, it is not indicated for treatment of hospital-acquired pneumonia or bacteremia and does 
not have activity against Pseudomonas aeruginosa. Published data are inconclusive about off- 
label use of tigecycline for treating highly resistant bacterial infections. 
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Antibiotic Dosing 


Although randomized clinical trials are the best method to study drug efficacy, they are 
inefficient for determining optimal dosing. Pharmacodynamics proposes hypotheses and 
provides experimental data for optimizing outcomes based on the interaction of drugs and 
organisms (drug-bug interactions). Some drugs work best as long as they sustain concentrations 
above those needed to suppress the pathogen for a substantial part of the day and confer no 
further benefit at higher doses (time dependent), and others work better when they achieve high 
levels for even a short time (concentration dependent). These drugs can impair the ability of 
bacteria to recover after exposure even if the drug is no longer present. Vancomycin and the ß- 
lactams are time dependent, and the fluoroquinolones and aminoglycosides are concentration 
dependent. 


Most dosing decisions are based on an absolute or weight-based schedule; sometimes this is 
modified by an algorithm to account for reduced kidney or liver function. The only practical way 
for clinicians to monitor drug levels is the serum assay, which is widely available only for 
vancomycin and the aminoglycosides. Use of vancomycin peak levels is not helpful because they 
do not predict toxicity or efficacy, whereas trough levels between 10 and 20 ug/mL are 
considered reasonable for treating most infections (aiming for trough levels of 15-25 ug/mL for 
more severe infections and those caused by bacteria with higher vancomycin MICs). 
Vancomycin trough levels do not need to be checked for patients with mild to moderate 
infections and stable renal function or those requiring treatment for only 1 or 2 days. 


The peak levels of aminoglycosides vary by drug and indication. Once-daily dosing is considered 
reasonable and safe for gram-negative infections, whereas two or three daily doses are 
recommended when aminoglycosides are used as synergistic agents for gram-positive infections. 


PreviousNext 


Stewardship 


Stewardship refers to programs instituted by hospitals to reduce the use of unnecessary 
antibiotics. Because of the many drugs available and an increased need to treat infections in 
critically ill patients, there is a temptation to overuse antibiotics. In addition to potential harm to 
individual patients, antibiotic overuse can influence the selection of hospital flora towards more 
resistant and difficult-to-treat bacteria. Some hospitals have instituted programs to promote 
rational use of antibiotics to minimize this selection pressure, adhere more closely to evidence- 
based treatment guidelines, and ascertain that dosing is individualized for patients. These 
programs often save money by decreasing excessively long treatment courses and reducing 
redundant antibiotic coverage. 


In some stewardship programs, approval is sought “up front” before initiating select antibiotics. 
Other programs look for ways to reduce the use of broad-spectrum drugs after several days of 
therapy and establish an appropriate duration of treatment once a diagnosis is established. For 


example, patients with ventilator-associated pneumonia who respond well to treatment have 
similar outcomes with 8 versus 15 days of therapy. In addition, shorter courses of antibiotic 
therapy were associated with fewer superinfections and lower total drug toxicity. 


Bibliography 


e Fishman N. Antimicrobial stewardship. Am J Infect Control. 2006;34(5 Suppl 1):S55-63. 
[PMID:16813983]. See PubMed 

e Fowler VG, Boucher HW, Corey GR, et al; S. aureus Endocarditis and Bacteremia Study 
Group. Daptomycin versus Standard Therapy for Bacteremia and Endocarditis Caused by 
Staphylococcus aureus. N Engl J Med. 2006;355(7):653-665. [PMID:16914701]. See 
PubMed 

e Zar FA, Bakkanagari SR, Moorthi KM, Davis MB. A comparison of vancomycin and 
metronidazole for the treatment of Clostridium difficile—associated diarrhea, stratified by 
disease severity. Clin Infect Dis. 2007;45(3):302-307. [PMID:17599306]. See PubMed 


Clinical Evaluation of Kidney Function 


e Estimation of the Glomerular Filtration Rate 
e Interpretation of the Urinalysis 

e Imaging Studies 

e Kidney Biopsy 


Key Points 


e Chronic kidney disease is defined as a decrease in the estimated glomerular filtration rate 
or as kidney damage that manifests as abnormal urinalysis findings, abnormal imaging 
study findings that are present for more than 3 months, or pathologic changes seen on 
kidney biopsy. 

e Estimation of the glomerular filtration rate using the Modification of Diet in Renal 
Disease (MDRD) study or Cockcroft-Gault equation is currently considered the best 
method of evaluating kidney function. 

e The accuracy of 24-hour urine collection can be assessed by comparing the total urine 
creatinine excretion with the expected value of creatinine excretion. 

e Radionuclide kidney clearance scanning is considered the gold standard for the 
estimation of the glomerular filtration rate in healthy persons and in those with acute 
kidney injury. 

e Urinalysis, including dipstick analysis and examination of the microscopic sediment, is 
indicated in the clinical assessment of patients with acute kidney injury and chronic 
kidney disease. 

e Albumin is the only protein that is detected on dipstick urinalysis. 

e The presence of leukocyte esterase and nitrites on dipstick urinalysis is suggestive of 
infection. 

e Pyuria is most likely caused by urinary tract infection. 

e Sterile pyuria refers to pyuria associated with a negative urine culture and may be caused 
by infection, acute interstitial nephritis, chronic tubulointerstitial disease, and acute 
kidney transplant rejection. 

e Glomerular hematuria is characterized by the presence of dysmorphic erythrocytes or 
schistocytes on urine microscopy, whereas nonglomerular hematuria is associated with 
isomorphic erythrocytes that usually appear normal on urine microscopy. 

e Asymptomatic nonglomerular hematuria is most commonly caused by urinary tract 
infections and kidney stones but should raise suspicion for genitourinary tract 
malignancies in older patients. 

e Erythrocyte casts are pathognomonic for acute glomerulonephritis. 

e A total albumin-creatinine ratio on a random urine sample can be used to measure 
microalbuminuria and either the total albumin-creatinine ratio or total protein-creatinine 
ratio can be used to measure proteinuria as an alternative method to 24-hour urine 
collection. 

e A urine protein-creatinine ratio above 3.5 mg/mg is associated with glomerular diseases, 
whereas a urine protein-creatinine ratio below 2 mg/mg is associated with chronic 
tubulointerstitial, renovascular, and glomerular diseases. 


e Simple-appearing cysts seen on radiographic studies of the kidneys do not require further 
imaging studies or intervention. 

e The presence of complex cystic structures or mass lesions, especially those greater than 4 
cm, seen on radiographic studies should raise suspicion for malignancy and warrant 
further evaluation with CT or MRI. 

e In order to avoid contrast-induced nephropathy, kidney function should be evaluated 
before performing imaging studies that require use of radiocontrast agents. 

e The most common indications for kidney biopsy include the nephrotic syndrome, acute 
glomerulonephritis, and kidney transplant dysfunction. 

e Contraindications to kidney biopsy include coagulopathy, thrombocytopenia, 
hydronephrosis, atrophic kidney, numerous kidney cysts, acute pyelonephritis, or severe 
hypertension. 
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Estimation of the Glomerular Filtration Rate 


The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF K/DOQI) 
guidelines define chronic kidney disease (CKD) as a decrease in the estimated glomerular 
filtration rate (eGFR) or as kidney damage that manifests as abnormal urinalysis findings such as 
proteinuria or hematuria, abnormal imaging study findings that are present for more than 3 
months, or pathologic changes seen on kidney biopsy. These guidelines also recommend using 
the eGFR to classify patients with kidney disease (see Chronic Kidney Disease). 


The glomerular filtration rate (GFR) represents the volume of water filtered from the plasma per 
unit of time. Estimation of this value is currently considered the best method of evaluating 
kidney function and ideally involves a substance that is freely filtered by the glomeruli. This 
substance should not be reabsorbed or secreted in the tubules, is excreted only by the kidneys, 
and can be measured in the plasma under steady-state conditions. 
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Markers for Estimating the Glomerular Filtration Rate 


Serum Creatinine 
Equations 
Creatinine Clearance 


Radionuclide Kidney Clearance Scanning 
Blood Urea Nitrogen 
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Serum Creatinine 


Creatinine is freely filtered in the glomeruli, excreted by the kidneys, and easily measured in the 
blood. Measurement of this value has historically been the study of choice to evaluate kidney 
function. 


As the GFR decreases with kidney injury, the serum creatinine level concomitantly increases. 
For example, a 50% reduction in the GFR is associated with an increase in the serum creatinine 
level from 1.0 to 2.0 mg/dL (88.4 to 176.8 umol/L). The serum creatinine level also typically 
increases by 1.0 to 1.5 mg/dL (88.4 to 132.6 umol/L) daily in patients who become anephric due 
to circumstances such as bilateral nephrectomy, end-stage kidney disease, or acute kidney injury. 
A greater rise in the serum creatinine level suggests an increase in creatinine production, which 
occurs in conditions such as rhabdomyolysis. 


The creatinine level alone, however, is not an ideal measure of kidney function. A reduction or 
loss of muscle mass due to circumstances such as advanced age, liver failure, or malnutrition 
may cause a disproportionately low creatinine level that results in overestimation of the GFR. 
Furthermore, 15% to 20% of creatinine in the bloodstream is not filtered in the glomeruli but 
instead is secreted into the urine by the proximal tubular cells. Therefore, CKD, which may 
cause an increase in the proximal tubular secretion of creatinine by as much as 40% to 50%, also 
may be associated with an overestimation of the GFR. 


Conversely, use of certain medications, such as cimetidine and trimethoprim, blocks the 
proximal tubular secretion of creatinine. This circumstance may result in an underestimation of 
the GFR, which may lead to misdiagnosis of acute kidney injury. 
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Equations 


Because the serum creatinine level can be an inaccurate marker of the GFR, the NKF K/DOQI 
guidelines suggest the use of the Cockcroft-Gault and Modification of Diet in Renal Disease 
(MDRD) study equations as an alternative method of estimating kidney function in adults (Table 
1). However, the serum creatinine level is used to calculate these equations, as well; therefore, 
these equations are subject to similar limitations as serum creatinine measurement alone. 


Furthermore, the Cockcroft-Gault and MDRD equations were developed for patients with CKD 
and have not been shown to accurately estimate kidney function in healthy persons or in patients 
with acute kidney injury. Use of these equations should be limited to patients with stages 3 to 5 
CKD or those with an eGFR of 59 mL/min/1.73 m? or less. 


Table 1. Mathematical Equations for the Estimation of 
Kidney Function 


Cockcroft-Gault Equation 
Ccr = [(140 - age) x weight]/72 x (Scr) x 0.85 (if the patient is female) 
Modification of Diet in Renal Disease Study Equation 


GFR = 186 x (Scr)! x (age)? x 0.742 (if the patient is female) or x 1.212 (if the patient is 
black) 


Abbreviated Modification of Diet in Renal Disease Study Equation 


GFR = 175 x (Scr)! x (age)? x 0.742 (if the patient is female) or x 1.212 (if the patient is 
black) 


Ccr = creatinine clearance; GFR = glomerular filtration rate; Scr = serum creatinine level. 


Modified with permission from the National Kidney Foundation. K/DOQI clinical practice 
guidelines for chronic kidney disease: Evaluation, classification, and stratification. Am J Kidney 
Dis. 2002;39(2 Suppl 1):S1-S266. [PMID: 11904577] Copyright Elsevier, 2002. 
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Creatinine Clearance 


Experts now recommend use of either a 24-hour urine collection for creatinine clearance or 
radionuclide kidney clearance scanning to obtain a precise estimation of kidney function, which 
is needed in circumstances such as the evaluation of living donor kidney transplant candidates. 


Over- or undercollection of a sample obtained for 24-hour urine collection may result in an 
inaccurate estimation of the GFR. However, the accuracy of 24-hour urine collection can be 
assessed by comparing the total urine creatinine excretion with the expected value of creatinine 
excretion (20 to 25 mg/kg/24 h [0.18 to 0.22 mmol/kg/d] in men, 15 to 20 mg/kg/24 h [0.13 to 
0.18 mmol/kg/d] in women). For example, if a complete 24-hour urine collection is obtained, the 
total urine creatinine excretion in a 75-kg (165-lb) female living donor kidney transplant 
candidate should be between 1125 and 1500 mg/24 h; a total urine creatinine excretion of 375 
mg/24 h in this woman would be known to be a falsely low estimate of kidney function. 
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Radionuclide Kidney Clearance Scanning 


Radionuclide kidney clearance scanning, also known as GFR scanning, is now considered the 
gold standard for the estimation of the GFR in healthy persons and in those with acute kidney 
injury. However, use of these studies is limited because of cost, lack of widespread availability, 
and operator technical difficulties. 
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Blood Urea Nitrogen 


Blood urea nitrogen (BUN) is derived from protein waste products and freely filtered in the 
glomeruli. This level is often measured simultaneously with creatinine to evaluate kidney 
function. The normal blood urea nitrogen (BUN)-creatinine ratio is 10:1 to 15:1. 


Conditions that decrease kidney perfusion, such as dehydration or heart failure, are associated 
with increased reabsorption of BUN in the proximal tubules and a disproportionate increase in 
the BUN-creatinine ratio, typically to 20:1 or higher. A high-protein diet, catabolic states, and 
gastrointestinal bleeding also may cause an increase in the BUN level and a subsequent 
underestimation of kidney function. 


Conversely, decreased urea production and inadequate protein intake associated with disease 
states such as liver failure and malnutrition may cause a decrease in the BUN level and a 
subsequent overestimation of kidney function. 
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Interpretation of the Urinalysis 


Urinalysis, including dipstick analysis and examination of the microscopic sediment, is indicated 
in the clinical assessment of patients with acute kidney injury and CKD. 
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Dipstick Urinalysis 


Specific Gravity 

pH 

Albumin 

Glucose 

Ketones 

Blood 

Leukocyte Esterase and Nitrites 
Bilirubin 

Urobilinogen 


PreviousNext 


Specific Gravity 


Urine specific gravity refers to the concentration of solutes in the urine and is typically between 
1.008 and 1.015, but values outside of this range can be normal depending upon hydration status. 
A decreased specific gravity may be indicative of dilute urine, which may occur in patients with 
excessive fluid ingestion or diabetes insipidus. An increased specific gravity may be caused by 
dehydration (even overnight), hypovolemia, or administration of hyperosmolar solutions such as 
iodinated contrast dye and mannitol. 
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pH 


Normal urine is acidic. Alkaline urine is suggestive of distal renal tubular acidosis or bacterial 
infection with urease-splitting organisms such as Ureaplasma urealyticum or Proteus or 
Pseudomonas species. The urine pH also is a useful parameter for monitoring patients 
undergoing medical therapy that requires alkalinization of the urine, which is indicated for 
patients as prophylactic treatment for uric acid stones. 
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Albumin 


Albumin is the only protein that is detected on dipstick urinalysis. Dipstick urinalysis provides a 
qualitative assessment of albuminuria and detects albumin in patients with an albumin excretion 
greater than 300 to 500 mg/24 h. Quantitative measurements, rather than dipstick methodology, 

are recommended to detect albumin excretion less than 300 mg/24 h. 


The urine dipstick cannot detect immunoglobulins; therefore, dipstick urinalysis in patients with 
multiple myeloma is negative for protein, but administration of sulfosalicylic acid precipitates all 
proteins, including light chains, or Bence Jones proteins. A 24-hour urine protein electrophoresis 
also identifies different types of protein, including both A and K light chains. Urine 
immunofixation can identify the presence of a monoclonal paraprotein. 
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Glucose 


Glycosuria usually is identified on dipstick urinalysis in patients whose plasma glucose level 
exceeds 180 mg/dL (10 mmol/L). This condition typically occurs in patients with diabetes 
mellitus. The presence of glycosuria in patients without diabetes suggests a disturbance in 


proximal tubular function of the sodium-glucose cotransporter, which may occur in Fanconi 
syndrome or multiple myeloma. 
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Ketones 


Urine ketones are associated with diabetic ketoacidosis and starvation ketosis with fatty acid 
breakdown. Ketonuria is indicative of the presence of acetoacetic acid but not acetone or B- 
hydroxybutyric acid. Patients with starvation ketoacidosis in whom the ketone bodies are 
predominantly in the form of B-hydroxybutyric acid may have negative urine ketones but still be 
in a ketoacidotic state. 
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Blood 


Dipstick urinalysis is sensitive for erythrocytes, hemoglobin, and myoglobin. Approximately 1 to 
3 erythrocytes/hpf must be present for dipstick urinalysis to test positive for blood. Patients with 
hemolysis and rhabdomyolysis test positive for blood on dipstick urinalysis in the absence of 
intact erythrocytes on urine microscopy because of the cross-reactivity of hemoglobin and 
myoglobin using dipstick technology. 


Ingestion of large dosages of ascorbic acid may result in a false-negative result for blood on 
dipstick urinalysis. Conversely, certain pigments found in beets and medications such as 
rifampin and chloroquine may cause a false-positive result for blood on this study. 
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Leukocyte Esterase and Nitrites 


The presence of leukocyte esterase and nitrites on dipstick urinalysis is suggestive of infection. 
More than 3 leukocytes/hpf must be present in the urine for dipstick urinalysis to test positive for 
leukocyte esterase. 


The reduction of nitrate to nitrite is caused by bacteria such as Escherichia coli, Proteus and 
Pseudomonas species, and Klebsiella pneumoniae. Detection of nitrites on dipstick urinalysis has 
a sensitivity for urinary tract infection of 45% to 60% and a specificity of 85% to 98%. Positive 
leukocyte esterase has a sensitivity for urinary tract infection of 48% to 68% but a lower 
specificity of 17% to 93%. Dipstick-positive urine for both nitrites and leukocyte esterase is 68% 
to 88% sensitive for urinary tract infection. Negative dipstick urinalysis findings for nitrites and 
leukocyte esterase have a high negative predictive value for urinary tract infection. 
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Bilirubin 
Bilirubin is not present in the urine of healthy persons. The presence of bilirubin on dipstick 


urinalysis is suggestive of hepatic failure or obstructive jaundice. 
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Urobilinogen 


Urobilinogen is the result of bacterial reduction of conjugated bilirubin in the small intestine. 
Positive dipstick urinalysis results for urobilinogen are consistent with hemolytic anemia and 
hepatic necrosis but not obstructive jaundice. 
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Urine Microscopy 


Microscopic analysis of the urine sediment can detect elements not seen on dipstick urinalysis. 
Unlike dipstick urinalysis, this study identifies and quantifies elements in the urine. Urine 
microscopy is indicated for all patients with acute kidney injury and suspected glomerular 
disease. 
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Leukocytes 


Pyuria refers to an increased amount of leukocytes in the urine, defined as the presence of 4 
leukocytes/hpf or more. The most likely cause of pyuria is urinary tract infection. 


Sterile pyuria refers to pyuria associated with a negative urine culture; this condition may be 
caused by infection with less common causes of urinary tract infection such as Mycobacterium 
tuberculosis and viruses such as adenovirus, polyomavirus, and cytomegalovirus. 


One of the most common noninfectious causes of sterile pyuria is acute interstitial nephritis, 
which is often caused by exposure to certain medications, particularly antibiotics or NSAIDs. In 
patients with chronic tubulointerstitial disease, sterile pyuria is associated with non—nephrotic- 
range proteinuria. Acute rejection in kidney transplant recipients also may manifest as isolated 
sterile pyuria. 


Wright or Hansel staining of the urine sediment can reveal eosinophiluria, which may occur in 
patients with acute interstitial nephritis, postinfectious glomerulonephritis, acute atheroembolic 
disease of the kidney, septic emboli, or small-vessel vasculitis. 
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Erythrocytes 


Hematuria refers to the presence of more than 3 erythrocytes/hpf in the urine and is a common 
finding on urinalysis. Hematuria that is detected on only one urine sample, known as isolated 
hematuria, is generally associated with infection, heavy exercise, and menstruation. 


Bleeding in patients with persistent hematuria may originate anywhere along the genitourinary 
tract, and the location of the bleeding must be identified in order to determine the next steps in 
evaluation. Therefore, differentiating between glomerular and nonglomerular hematuria by urine 
microscopy is important (Figure 1). 


Urine dipstick test positive 
for microscopic heme 


5 D Workup ends 


Repeat urine dipstick > 
I (unless there are risk factors 
testing (several days later) for bedda anon) 


Yes 


Microscopic examination 
of urine 


Evaluation for 
hemoglobinuria or 
myoglobinuria 


Acanthocytes or Isomorphic erythrocytes 
erythrocyte casts 
Nonglomerular hematuria 


Glomerular hematuria 


Proteinuria or kidney 
insufficiency 


Isolated microscopic 
hematuria 


Periodic medical follow-up 
(for onset of proteinuria 
or kidney insufficiency) 


250 yr of age or risk factors <50 yr of age without 
for bladder cancer risk factors for bladder cancer| 


Figure 1. Evaluation of microscopic hematuria. 


If hematuria is determined to be nonglomerular in origin and a kidney stone is suspected, CT 
should be performed without contrast or first without and then with contrast. Ultrasonography 
should be performed instead of CT in pregnant patients and those with hypersensitivity to 
contrast. Risk factors for bladder cancer include cigarette smoking, occupational exposure to 
chemicals used in certain industries (leather, dye, rubber, or tire manufacturing), heavy 
phenacetin use, past treatment with high-dose cyclophosphamide, and ingestion of aristolochic 
acid found in some herbal weight-loss preparations. 


Modified with permission from Cohen RA, Brown RS. Clinical practice. Microscopic hematuria. 
N Engl J Med. 2003;348:2330-8. [PMID: 12788998] Copyright © 2003, Massachusetts Medical 
Society. 


Glomerular hematuria is characterized by the presence of dysmorphic erythrocytes or 
schistocytes on urine microscopy, and hematuria associated with the presence of erythrocyte 
casts is specifically indicative of glomerulonephritis. Urine microscopy in patients with 
glomerular disease also may detect intact erythrocytes; however, these elements are less specific 
for glomerular disease than dysmorphic erythrocytes or schistocytes, and evaluation for other 
indicators of kidney damage such as proteinuria or a reduction in kidney function is indicated in 
this setting. 


Nonglomerular hematuria refers to blood in the urine that originates outside of the glomerulus. 
This condition is associated with isomorphic erythrocytes that usually appear normal on urine 
microscopy. The most common causes of asymptomatic nonglomerular hematuria are urinary 
tract infections and kidney stones. 


Genitourinary tract malignancies also may cause nonglomerular hematuria, which may be 
transient and should always be evaluated in patients over the age of 50 years. These malignancies 
are more common in men and predominantly consist of prostate, bladder, renal-cell, and 
testicular cancers. In women, vaginal bleeding associated with cervical, uterine, and endometrial 
cancer may manifest as microscopic hematuria. 


Renal-cell cancer may manifest as microscopic hematuria, hypertension, and flank pain or a 
palpable abdominal mass. Bladder cancer also may cause microscopic hematuria. Suspicion for 
bladder cancer particularly should be raised in patients with additional risk factors for this 
condition, such as cigarette smoking, benzene exposure, long-term analgesic use, or use of 
certain medications such as cyclophosphamide. 


Microscopic hematuria also commonly occurs in patients who use anticoagulants. However, 
bleeding in these patients should not automatically be attributed to these agents and warrants 
evaluation for a genitourinary tract abnormality. 
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Casts 


Urine microscopy is one of the only methods of identifying and characterizing urine casts. 
Identification of certain types of urine casts may help to suggest a diagnosis, and some casts are 
pathognomonic for particular disorders (Table 2). 


Table 2. Conditions Associated with Urine Casts 


Type of Cast Associated Condition 
Muddy brown Acute tubular necrosis 
Granular Acute tubular necrosis 
Finely granular Chronic kidney disease 


Hyaline Volume depletion, dehydration 

Waxy Chronic kidney disease 

Leukocyte Pyelonephritis, acute interstitial nephritis 

Erythrocyte Acute glomerulonephritis (these casts are pathognomonic for this condition) 
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Measurement of Albumin and Protein Excretion 


Urinalysis is one of the most effective methods of identifying and quantifying proteinuria. 
Various proteins are excreted into the urine, including albumin, tubular proteins, and 
immunoglobulins. 


The gold standard for measuring urine protein excretion is a 24-hour urine collection; normal 
protein excretion using this method is defined as less than 150 mg/24 h. However, timed urine 
collection is a cumbersome process to perform correctly, and under- or overcollection of a 
sample poses the risk of an inaccurate assessment of protein excretion. The NKF K/DOQI 
therefore recommends use of urinary ratios on random urine samples as an alternative method of 
estimating proteinuria in the clinical assessment of kidney disease. Typically, a total albumin- 
creatinine ratio is used to measure microalbuminuria (defined as a urine albumin excretion of 30 
to 300 mg/24 h), and either the total albumin-creatinine or total protein-creatinine ratio can be 
used to measure proteinuria (Table 3). 


Microalbuminuria is common and has been identified as a risk factor for cardiovascular disease, 
peripheral vascular disease, and progressive kidney disease. Proteinuria generally is associated 
with a greater risk for progression of CKD, especially in patients whose urine protein excretion 
exceeds 500 mg/24 h. A urine protein-creatinine ratio above 3.5 mg/mg is classified as 
nephrotic-range proteinuria and is associated with various glomerular diseases, whereas a urine 
protein-creatinine ratio below 2 mg/mg is associated with chronic tubulointerstitial, renovascular, 
and glomerular diseases. 


Isolated or transient proteinuria is common and may be associated with febrile illnesses or heavy 
exercise. This condition is typically benign and does not warrant further evaluation. 


Protein excretion may vary based on time of collection and, in a small percentage of children and 
young adults, with posture. Orthostatic or postural proteinuria refers to protein excretion that 
increases during the day but decreases at night during recumbency. Diagnosis of orthostatic 
proteinuria is established by comparing the urine protein excretion during the day with findings 
from a separate urine collection obtained during the night. Orthostatic proteinuria is benign and 
has not been associated with long-term kidney disease. 


Experts recommend that at least two samples should be obtained in order to confirm a diagnosis 
of persistent proteinuria. 


Table 3. National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative Definitions of Proteinuria and 
Albuminuria 


Urine Collection Method Normal Microalbuminuria Albuminuria or 
Clinical Proteinuria 


Total 24-Hour excretion (varies <300 mg/24 — >300 mg/24 h 
Protein with method) h 
Spot urine dipstick <30 mg/dL — >30 mg/dL 
Spot urine protein- <0.2 mg/mg — >0.2 mg/mg 
creatinine ratio (varies 
with method) 
Albumin 24-Hour excretion <30 mg/24 h 30-300 mg/24 h >300 mg/24 h 
Spot urine albumin- <3 mg/dL >3 mg/dL — 
specific dipstick 
Spot urine albumin- <17 mg/g 17-250 mg/g (men) >250 mg/g (men) 
creatinine ratio (varies by (men) 25-355 mg/g >355 mg/g (women) 
sex") <25 mg/g (women) 
(women) 


“Sex-specific cut-off values are from a single study. Use of the same cut-off value for men and 
women leads to higher values of prevalence for women than men. Current recommendations 
from the American Diabetes Association define cut-off values for spot urine albumin-creatinine 
ratio for microalbuminuria as 30 mg/g and 300 mg/g, respectively, without regard to sex. 


Modified with permission from K/DOQI clinical practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-S266. 
[PMID: 11904577] Copright 2002, Elsevier. 
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Imaging Studies 


Assessment of kidney function often requires imaging of the urinary tract (Table 4). Kidney 
ultrasonography is relatively inexpensive and widely available. Radiographic studies for non— 
kidney-related conditions commonly reveal simple-appearing cysts, which do not require further 
imaging studies or intervention. However, complex cystic structures or mass lesions, especially 
those greater than 4 cm, should raise suspicion for malignancy and warrant further evaluation 
with CT or MRI. Ultrasound duplex arteriography, CT arteriography, MRI, and angiotensin- 
converting enzyme inhibitor renography are used to evaluate renal vasculature in the presence of 


disrupted arterial or venous blood flow, which may be associated with atherosclerotic lesions, 
fibromuscular dysplasia, or thrombosis. 


Kidney function should be evaluated in order to determine the most appropriate radiographic 
study. This evaluation is particularly important before performing studies that require use of 
radiocontrast agents in order to avoid contrast-induced nephropathy, which is associated with 
increased morbidity and mortality even with return of kidney function to the original baseline 
value. 


Kidney ultrasonography is noninvasive. This study also does not require the use of radiocontrast 
agents and is therefore safe for use in patients with reduced kidney function and pregnant 
patients. 


Abdominal CT may involve use of intravenous iodinated contrast agents, which are associated 
with a risk for contrast-induced nephropathy in patients with an eGFR of less than 60 
mL/min/1.73 m’. Experts therefore recommend against the use of these agents in this population 
group. 


Recently, the incidence of nephrogenic systemic fibrosis (NSF) (formerly known as nephrogenic 
fibrosing dermopathy) has increased in patients with reduced kidney function who are exposed to 
intravenous gadolinium contrast agents during MRI. NSF is believed to be caused by a systemic 
inflammatory response associated with mobilization of iron that results in abnormal proliferation 
and deposition of fibroblasts in the dermis and connective tissue. This condition manifests as a 
scleroderma-like disease associated with edema, plaque-like rash, and hardening of the skin 


(Figure 2). 


Figure 2. Nephrogenic systemic fibrosis. 


The patient has nephrogenic systemic fibrosis associated with an erythematous plaque, edema, 
and peau d’ orange appearance. 


Reprinted with permission from Swaminathan S, Shah SV. New insights into nephrogenic 
systemic fibrosis. J Am Soc Nephrol. 2007;18(10):2636-2643. [PMID: 17855637] 


Patients with an eGER of less than 40 mL/min/1.73 m? are believed to be at greatest risk for 
development of NSF after administration of gadolinium, and use of this agent should be avoided 
in this population group. Additional risk factors for NSF include the use of high-dose 
erythropoietin or intravenous iron as well as hyperparathyroidism. 


Currently, no effective treatment regimen or intervention has been shown to resolve or improve 
symptoms associated with NSF except perhaps for early kidney transplantation. NSF also is 
associated with a high mortality rate. Experts therefore recommend that kidney function be 
evaluated before performing imaging studies that require use of radiocontrast agents. 


Patients who are undergoing dialysis and require administration of gadolinium contrast should 
receive 3 consecutive days of hemodialysis treatments after this study is performed. Gadolinium 
is not effectively removed with peritoneal dialysis, and this intervention should not be used in 
place of hemodialysis to remove contrast. 


Table 4. Use of Radiographic Imaging Studies in the 
Assessment of Kidney Function and Disease 


Imaging Study Indications 

Kidney ultrasonography Urinary tract obstruction, nephrolithiasis, cysts, mass 
lesions, location for kidney biopsy 

Ultrasound duplex arteriography Renal artery stenosis 
ACE inhibitor renography Renal artery stenosis 
Abdominal CT Urinary tract obstruction, nephrolithiasis, mass lesions 
CT arteriography Renal artery stenosis, renal vascular lesion 
MRI Cysts, mass lesions, renal artery stenosis 
Radionuclide kidney clearance GFR estimation, kidney infarcts, urinary tract 
scanning (GFR scanning) obstruction 


ACE = angiotensin-converting enzyme inhibitor; GFR = glomerular filtration rate. 
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Kidney Biopsy 


Kidney biopsy is recommended when histologic confirmation is needed to help diagnose kidney 
disease, implement medical therapy, or change medical treatment. Kidney biopsy is used 
predominantly in patients with glomerular disease, and the most common indications for kidney 
biopsy include the nephrotic syndrome, acute glomerulonephritis, or kidney transplant 
dysfunction. Kidney biopsy is often performed under direct visualization by ultrasonography or 
CT. 


Risks associated with kidney biopsy include hematuria and the need for blood transfusion, 
embolization of a bleeding vessel, or nephrectomy. Contraindications to kidney biopsy include 
coagulopathy, thrombocytopenia, hydronephrosis, atrophic kidney, numerous kidney cysts, acute 
pyelonephritis, or severe hypertension. 


The presence of a solitary kidney is a relative contraindication to percutaneous kidney biopsy 
because of the risk for nephrectomy due to uncontrolled bleeding associated with this study. 


However, percutaneous kidney biopsy may be performed in this setting under direct visualization 
by laparoscopy. 


Kidney masses or renal-cell carcinomas also are relative contraindications to kidney biopsy 
because these features are associated with an increased risk of bleeding and spread of malignant 
cells through the biopsy tract. Experts recommend partial or complete nephrectomy for diagnosis 
and treatment in these settings. 
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Fluids and Electrolytes 


Osmolality and Tonicity 
Disorders of Serum Sodium 
Disorders of Serum Potassium 
Disorders of Serum Phosphate 


Key Points 


An osmolal gap higher than 10 mosm/kg H2O (10 mmol/kg H20) indicates the 
accumulation of an additional solute in the plasma. 


Manifestations of hyponatremia include nausea, malaise, headache, lethargy, muscle 
cramps, restlessness, disorientation, and obtundation. 

Low effective arterial blood volume is associated with hypovolemic and hypervolemic 
hyponatremia. 

The syndrome of inappropriate antidiuretic hormone secretion is characterized by 
euvolemia or a slightly volume-expanded state and is treated with fluid restriction. 
Cerebral salt wasting is associated with a decrease in intravascular volume and should be 
treated with intravenous normal saline. 

In the treatment of chronic hyponatremia, limiting serum sodium correction to less than 
10 to 12 meq/L (10 to 12 mmol/L) within 24 hours and less than 18 meq/L (18 mmol/L) 
within 48 hours helps to prevent osmotic demyelination. 

In patients with acute hyponatremia, rapid normalization of the extracellular fluid 
osmolality is indicated. 

Conivaptan and tolvaptan are approved to treat euvolemic and hypervolemic 
hyponatremia, but vaptan agents should not be used to treat hypovolemic hyponatremia. 
Hypovolemic hypernatremia results from fluid losses in which the sodium concentration 
is less than the plasma concentration. 

Hypervolemic hypernatremia results from administration of hypertonic saline or 
hypertonic sodium bicarbonate or a mineralocorticoid excess. 

Isovolemic hypernatremia is caused by pure water loss via a mucocutaneous route or the 
kidneys. 

A urine osmolality greater than 300 mosm/kg H2O (300 mmol/kg H20) in a patient with 
polyuria is suggestive of osmotic diuresis. 

Water diuresis occurs in primary polydipsia and central or nephrogenic diabetes 
insipidus. 

Hypernatremia generally should be corrected slowly by water administration at a rate that 
leads to half-correction in 24 hours. 

Use of B-agonists or excessive insulin can cause hypokalemia. 

In the absence of a cellular shift, a low serum potassium concentration can be caused by 
losses via the gastrointestinal tract or skin, kidney potassium losses, or inadequate dietary 
intake of potassium. 

In patients with hypokalemia caused by a primary increase in distal sodium delivery, the 
presence of metabolic acidosis is suggestive of renal tubular acidosis; the presence of 
metabolic alkalosis is suggestive of vomiting or diuretic use. 

Manifestations of hypokalemia may include a flaccid paralysis, rhabdomyolysis, smooth 
muscle dysfunction, polyuria, polydipsia, kidney failure, and glucose intolerance. 
Electrocardiographic findings in patients with hypokalemia may include ST-segment 
depression, T-wave flattening, and an increased U-wave amplitude. 

Oral administration of potassium chloride is safer than other routes and can be given in 
divided dosages of 100 to 150 meq/d. 

The maximum recommended rate of intravenous potassium chloride administration is 20 
meq/h at a maximum concentration of 40 meq/L. 

Hyperkalemia that occurs in patients with a glomerular filtration rate higher than 10 
mL/min/1.73 m? suggests a decreased aldosterone level or a lesion of the cortical 
collecting duct. 


An increase in serum potassium greater than 5.5 meq/L (5.5 mmol/L) in patients taking a 
drug known to cause hyperkalemia warrants a decrease in the dosage or elimination of 
the offending drug or, in patients treated with concomitant therapy with an angiotensin- 
converting enzyme inhibitor, angiotensin receptor blocker, or aldosterone receptor 
blocker, discontinuation of one of these agents. 

Electrocardiographic findings of hyperkalemia include peaking of T waves, lengthening 
of the PR and QRS intervals, development of a sine wave pattern, ventricular fibrillation, 
and asystole. 

Immediate treatment with calcium gluconate or calcium chloride is indicated for patients 
with life-threatening hyperkalemia or electrocardiographic changes. 

Treatment of chronic hyperkalemia may include discontinuation of drugs that can impair 
kidney potassium excretion, a low-potassium diet, and use of diuretics. 

Severe symptomatic hypophosphatemia most often develops in patients with chronic 
alcoholism. 

Hypophosphatemia may manifest as severe weakness, rhabdomyolysis, hemolysis, and a 
leftward shift of the oxygen dissociation curve. 

Hypophosphatemia may be caused by decreased dietary intake of phosphate, a cellular 
shift, decreased gastrointestinal absorption, increased kidney excretion, or a combination 
of these factors. 

Hypophosphatemia in patients with diabetic ketoacidosis may only become apparent after 
the ketoacidosis is corrected. 

Intravenous phosphate replacement therapy should be reserved for patients with a serum 
phosphate concentration below 1.5 mg/dL (0.5 mmol/L). 
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Osmolality and Tonicity 


Osmolality is defined as the number of solute particles per kilogram of solution. Plasma 
osmolality can be directly measured via an osmometer or calculated using the following 
equation: 


Plasma Osmolality (mosm/kg H,O) = 2 x Serum Sodium 
(meg L) + Blood Urea Nitrogen (mg/dL)/2.8 + Plasma 
Glucose (mg/dL)/’18 


The osmolal gap is the difference between the measured and calculated osmolality and is 
normally less than 10 mosm/kg H20 (10 mmol/kg H20). An osmolal gap higher than 10 
mosm/kg H20 (10 mmol/kg H20) indicates the accumulation of an additional solute in the 


plasma (see Ethylene Glycol and Methanol Poisoning). 


All particles determine the plasma osmolality, but only effective osmoles determine the plasma 
tonicity. Effective osmoles cannot penetrate cell membranes and therefore may affect cell 
volume. Conversely, ineffective osmoles such as urea and alcohols pass freely into and out of 
cells and do not affect cell volume. An excess of an ineffective osmole therefore would not cause 
a cellular shift and would be associated with a high plasma osmolality but normal plasma 
tonicity. 
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Disorders of Serum Sodium 


Sodium is the major electrolyte constituting the extracellular fluid and the primary determinant 
of plasma osmolality. The serum sodium concentration is maintained within a narrow range by 
adjustments in water intake and kidney water excretion. Serum sodium concentration 
abnormalities therefore reflect disturbances in water balance. 
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Hyponatremia 


Hyponatremia is defined as a serum sodium concentration less than 136 meq/L (136 mmol/L). 
Initial manifestations of hyponatremia include nausea and malaise; as this condition progresses, 
headache, lethargy, muscle cramps, restlessness, disorientation, and obtundation may develop. 


Chronic hyponatremia refers to hyponatremia that is present for more than 48 hours and is 
characterized by a slowly decreasing serum sodium concentration. In patients with chronic 
hyponatremia, neurologic manifestations are generally minimal and the brain size remains 
normal. Chronic hyponatremia usually occurs in the outpatient setting. 


Acute hyponatremia refers to hyponatremia that develops in less than 48 hours. Patients with 
acute hyponatremia frequently do have neurologic manifestations and cerebral edema. Acute 
hyponatremia is more common than chronic hyponatremia in hospitalized patients. 
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Risk Factors 


Postoperative administration of hypotonic fluids is a risk factor for acute hyponatremia, because 
antidiuretic hormone levels remain increased for several days after a surgical procedure. Severe 
hyponatremia also may develop in patients undergoing bowel preparation for procedures such as 
colonoscopy. 


Common causes of hyponatremia in the outpatient setting include overhydration, diarrhea, 
vomiting, central nervous system infection, extreme exercise, advanced age, liver failure, kidney 
failure, heart failure, and use of certain medications (Table 5). Hypotonic fluid intake in the 
setting of intense exercise, particularly during an endurance event, also frequently causes this 
condition. Patients with severe exercise-induced hyponatremia may collapse, and this condition 
can be fatal. 


Thiazide diuretics are the most common cause of drug-induced hyponatremia. Thiazide-induced 
hyponatremia typically develops within 2 weeks of drug initiation and is most likely to occur in 
elderly women and when consumption of hypotonic fluids usually increases. Concomitant use of 
NSAIDs and selective serotonin reuptake inhibitors can further increase the risk of thiazide- 
induced hyponatremia. Experts recommend routine monitoring of the serum sodium 
concentration 2 to 4 weeks after initiating a thiazide-containing agent. The illicit drug 3,4- 
methylenediox ymethamphetamine (also known as ecstasy) also can cause acute, severe 
hyponatremia. 


Table 5. Drugs Associated with Hyponatremia 


Agents That Stimulate Antidiuretic Hormone Release 

Chlorpropamide 
Clofibrate 
Cyclophosphamide 
Vincristine 
Carbamazepine 
Selective serotonin reuptake inhibitors 
Amitriptyline 
Thiothixene 
Haloperidol 
Thioridazine 
Agents That Potentiate the Kidney Effect of Antidiuretic Hormone 
Chlorpropamide 
Carbamazepine 
NSAIDs 
Cyclophosphamide 

Agents That Produce an Antidiuretic Hormone-Like Effect 
Oxytocin 
Desmopressin 
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Evaluation 


Assessment of the plasma osmolality, urine osmolality, and effective arterial blood volume 
(EABV) can help to determine the cause of hyponatremia (Figure 3). 


| Plasma osmolality | 
Decreased (<275 mosm/kg H20) Normal (275-295 mosnvkg H20) 


Urine osmolality Pseudohyponatremia 
Hyperglycemia 
lsosmotic irrigating solution 


Appropriately low 
(<100 mosm/kg H20) 


Inappropriately high 


(>200 mosm/kg H20) 


Primary polydipsia EABV" 


SIADH 
Glucocorticoid deficiency 


Hypothyroidism 
Drugs 


Diarrhea Heart failure 
Diuretics End-stage liver disease with ascites 
CSW Nephrotic syndrome 
Mineralocorticoid deficiency 


Figure 3. Approach to the patient with hyponatremia. 


“The clinical determination of EABV is usually straightforward. On physical examination, the 
best index of this value is the pulse and blood pressure. Urine electrolyte levels are also 
extremely useful in assessing the EABV. A low EABV is characterized by low urine sodium and 
urine chloride levels and low fractional excretions of sodium and chloride in the urine. In 


patients with normal serum creatinine levels, a high BUN level suggests a low EABV, whereas a 
low BUN level suggests a high EABV. 


BUN = blood urea nitrogen; CSW = cerebral salt wasting; EABV = effective arterial blood 
volume; ECF = extracellular fluid; SIADH = syndrome of inappropriate antidiuretic hormone 
secretion. 
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Plasma Osmolality 


Hyponatremia is most commonly a marker of hypo-osmolality. Hyponatremia that occurs in the 
absence of a hypo-osmolar state (pseudohyponatremia) is generally caused by an increased 
serum concentration of an effective osmole or the addition of an isosmotic or near-isosmotic 
non—sodium-containing fluid to the extracellular space. 


Common causes of pseudohyponatremia include hyperglobulinemia and hypertriglyceridemia. 
Because these conditions are associated with a decrease of plasma water relative to plasma solids 
in the blood, the amount of sodium in a given volume of blood also decreases. 


True hyponatremia may be associated with an elevation in the plasma concentration of an 
effective osmole. This elevation results in an increase in plasma osmolality (hyperosmolar 
hyponatremia), which causes water to leave the cells and results in a diluted serum sodium 
concentration. Hyponatremia caused by these circumstances occurs in patients with 
hyperglycemia or, rarely, after infusion of hypertonic mannitol. 


In these settings, the serum sodium concentration quickly decreases by 1.6 meq/L (1.6 mmol/L) 
for every 100 mg/dL (5.5 mmol/L) increase in glucose or mannitol. The increased tonicity also 
stimulates thirst and antidiuretic hormone secretion, which contribute to further water retention. 
Finally, as the plasma osmolality normalizes, the serum sodium concentration decreases by 2.8 
meq/L (2.8 mmol/L) for every 100 mg/dL (5.55 mmol/L) increase in glucose, resulting in a 
normal plasma osmolality but a low serum sodium concentration. 


Isosmotic or near-isosmotic non—sodium-containing irrigating solutions may enter the 
extracellular space during transurethral resection of the prostate or laparoscopic surgery. The 


systemic reabsorption of large amounts of these solutions, which usually contain glycine or 
sorbitol, can induce hyponatremia in the setting of a normal plasma osmolality. 
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Urine Osmolality 


The presence of hyponatremia in a patient with normal kidney water excretion is suggestive of 
polydipsia, which is characterized by intake of water that exceeds the normal excreting capacity 
of the kidneys (20 to 30 L daily). These patients typically have a urine osmolality less than 100 
mosm/kg H20 (100 mmol/kg H20). 


Hyponatremia that occurs in the absence of primary polydipsia is associated with decreased 
kidney water excretion and an inappropriately concentrated urine, which is characterized by a 
urine osmolality greater than 200 mosm/kg H2O (200 mmol/kg H20). 
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Effective Arterial Blood Volume 


The EABV refers to the part of the extracellular fluid in the arterial system that perfuses the 
tissues and stimulates the volume receptors. Hyponatremia can be caused by a decrease in 
EABV, which results in baroreceptor stimulation of antidiuretic hormone secretion and increased 
proximal tubular reabsorption of sodium. Consequently, distal delivery of filtrate to the tip of the 
loop of Henle decreases. 


Hyponatremia may be associated with low extracellular fluid volume (hypovolemic 
hyponatremia) or high extracellular fluid volume in edematous patients (hypervolemic 
hyponatremia). Hyponatremia associated with a normal EABV is known as isovolemic 
hyponatremia. 
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Syndrome of Inappropriate Antidiuretic Hormone Secretion 
and Cerebral Salt Wasting 


The syndrome of inappropriate antidiuretic hormone secretion (SIADH) and cerebral salt 
wasting (CSW) are two potential causes of hypo-osmolar hyponatremia that may develop several 
days after a neurosurgical procedure is performed. Manifestations of both SIADH and CSW 
include a decreased serum sodium concentration, low or low-normal plasma osmolality, and 
elevated urine osmolality. Because the treatment of SIADH and CSW differs, distinguishing 
between these conditions is imperative and is based largely on the EABV. SIADH is associated 
with antidiuretic hormone—mediated kidney water retention and is therefore characterized by 
euvolemia or a slightly volume-expanded state. Conversely, CSW is associated with kidney salt 
wasting, which leads to a decrease in intravascular volume. 


SIADH is more common than CSW. Patients with SIADH also usually have an extremely 
decreased serum uric acid concentration, because volume expansion in this condition causes 
decreased uric acid absorption in the proximal nephron. CSW, on the other hand, is suggested by 
the presence of hypotension and often affects patients with subarachnoid hemorrhage. Fluid 


restriction is the treatment of choice in patients with SIADH, whereas intravenous normal saline 
is indicated for CSW. 
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Treatment 


When treating a patient with chronic hyponatremia, the sodium concentration should be 
increased at the same rate at which it decreased (Table 6). If the extracellular fluid osmolality 
rapidly normalizes in a patient with chronic hyponatremia, cell shrinkage may occur and can 
precipitate osmotic demyelination. Limiting serum sodium correction to less than 10 to 12 meq/L 
(10 to 12 mmol/L) within 24 hours and less than 18 meq/L (18 mmol/L) within 48 hours helps to 
prevent this complication. Conversely, in patients with acute hyponatremia, sufficient time to 
remove osmoles from the brain has not passed. Rapid normalization of the extracellular fluid 
osmolality returns the brain size to normal and is therefore indicated. 


Frequent monitoring of the serum sodium concentration should be used to guide therapy. When 
overcorrection of the sodium concentration has occurred or is likely, desmopressin acetate 


administered with or without hypotonic fluids may be warranted to slow the rate of correction. 


The vasopressin receptor antagonists V; and V> also may be used to treat hyponatremia. These 
agents cause an increase in water excretion with little or no change in the urine sodium excretion. 


The intravenous V; and V3 receptor antagonist conivaptan and the oral V2 receptor antagonist 
tolvaptan are approved for treatment of euvolemic and hypervolemic hyponatremia. Vaptan 
agents should not be used to treat hypovolemic hyponatremia. 


Table 6. Treatment of Hyponatremia 


Acute Hyponatremia 


ECF Slow Rapid Chronic Hyponatremia 
Volume 
Status 
Normal Fluid Hypertonic saline Remove cause 
restriction + furosemide Discontinue drug 
Begin corticosteroid or thyroid hormone 
replacement 
Treat cause of SIADH 
Low Normal Hypertonic saline Remove cause 
saline 
High Fluid Hypertonic saline Remove cause 
restriction + furosemide Begin demeclocycline, 600-1200 mg/d 


Begin intravenous conivaptan, 20 mg over 30 


minutes, then 20 mg over 24 hours for no more 
than 4 days 


ECF = extracellular fluid; SIADH = syndrome of inappropriate antidiuretic hormone secretion. 
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Hypernatremia 


Hypernatremia is defined as a serum sodium concentration greater than 145 meq/L (145 
mmol/L). This relatively common condition always indicates hypertonicity and cell shrinkage 
and is an independent risk factor for mortality in the intensive care unit. Manifestations of 
hypernatremia include lethargy, weakness, fasciculations, seizures, and coma. 
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Evaluation 


e Inadequate Water Intake 
e Accelerated Water Loss or Increased Sodium Gain 


e Assessment of Polyuria 
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Inadequate Water Intake 


Evaluation of a patient with hypernatremia should begin by assessing for a cause of inadequate 
water intake. Inadequate water intake usually occurs in patients in an altered state of 
consciousness or with impaired mental status who are unaware of thirst or unable to 
communicate the need for water, such as the elderly and critically ill. Infants and young children 
who have restricted access to water also may consume inadequate amounts of water, and a 
reduced sensation of thirst is a normal feature of increasing age. A specific lesion of the 
hypothalamus affecting the thirst center is a rare cause of hypernatremia. 
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Accelerated Water Loss or Increased Sodium Gain 


The extracellular fluid status should then be assessed to evaluate for accelerated water loss or 
increased sodium gain (Figure 4). Hypovolemic hypernatremia results from fluid losses in which 
the sodium concentration is less than the plasma concentration. Conversely, hypervolemic 
hypernatremia is caused by administration of hypertonic saline or hypertonic sodium bicarbonate 
or a mineralocorticoid excess. 


Isovolemic hypernatremia is caused by pure water loss via a mucocutaneous route or the 
kidneys. Because two thirds of pure water loss is sustained within cells, patients with isovolemic 
hypernatremia do not become clinically volume depleted unless the water deficit is substantial. 


In patients with isovolemic hypernatremia, insensible losses of water via the respiratory tract or 
skin result in a concentrated urine, whereas inappropriate water loss via the kidneys due to 
central or nephrogenic diabetes insipidus results in a dilute urine. Kidney water loss can lead to 
hypernatremia in patients with impaired thirst or restricted access to water; however, these 
features usually are not present in patients with diabetes insipidus, who typically have polyuria, 
polydipsia, and a normal serum sodium concentration. 


Clinically assess extracellular fluid volume 


lsovolemia 
(Pure water loss) 


Hypovolemia 
(Hypotonic fluid loss) 


Hypervolemia 
(Hypertonic fluid gain) 


ese “Tose Tose 
losses losses losses losses excess 
» Central diabetes * Respiratory tract * Hypertonic saline 
* Skin 
* Respiratory 
tract 


insipidus 


insipidus * Skin = Hypertonic sodium 
= Nephrogenic diabetes bicarbonate 
* Gastrointestinal 
tract 


Figure 4. Approach to the patient with hypernatremia. 


All of these states are associated with impairment of thirst or access to water. 
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Assessment of Polyuria 


Polyuria in adults is characterized by a urine volume that exceeds 50 mL/kg body weight daily 
and is associated with frequent urination. Polyuria can be caused by osmotic diuresis, also known 
as solute diuresis, or water diuresis. A urine osmolality greater than 300 mosm/kg H20 (300 
mmol/kg H20) in a patient with polyuria is suggestive of osmotic diuresis. Polyuria associated 
with osmotic diuresis occurs in patients with poorly controlled diabetes mellitus; mannitol 
administration; and high-protein enteral feeding, which is specifically associated with urea 
diuresis. 


Once osmotic diuresis is excluded, the cause of water diuresis must be assessed. Water diuresis 
may represent appropriate water loss, which occurs in primary polydipsia, or inappropriate water 
loss, which occurs in conditions such as central or nephrogenic diabetes insipidus. 


Central and nephrogenic diabetes insipidus are both characterized by severe, frequent nocturia as 
well as an absence of change in urine osmolality in response to water deprivation. Patients with 
central and nephrogenic diabetes insipidus also tend to have a mild negative water balance and a 
serum sodium concentration greater than 140 meq/L (140 mmol/L). 


The clinical setting and urine osmolality can help to differentiate between central and 
nephrogenic diabetes insipidus (Figure 5) (Table 7). Central diabetes insipidus is associated 
with a decreased release of antidiuretic hormone, and nephrogenic diabetes insipidus is 
associated with a decreased kidney response to this hormone. Subcutaneous administration of 
antidiuretic hormone causes an increase in urine osmolality in patients with central diabetes 
insipidus but is not associated with a change in urine osmolality in patients with nephrogenic 
diabetes insipidus. Central diabetes insipidus also is characterized by an abrupt onset of 
symptoms, whereas symptoms in nephrogenic diabetes insipidus typically manifest gradually. In 
addition, patients with central diabetes insipidus often have a predilection for ice water. 


Urine osmolality 


Dilute urine osmolality Concentrated urine 


<100 mosm/kg H,O 


Water deprivation 
response 
inappropriately Appropriately = 
concentrated Primary polydipsia 


Antidiuretic 
hormone response 


Appropriately 

concentrated 
Nephrogenic Central diabetes 

diabetes insipidus insipidus 


Figure 5. Diagnosis of central and nephrogenic diabetes 
insipidus in a patient with polyuria. 


osmolality 
2300 mosm/kg H20 


Osmotic diuresis 


inappropriately 
dilute 


Table 7. Common Causes of Diabetes Insipidus 


Central Diabetes Insipidus Nephrogenic Diabetes Insipidus 
Idiopathic Electrolyte disturbances (hypokalemia, hypercalcemia) 
Head trauma Vasopressinase production by placenta during pregnancy 


leading to destruction of vasopressin 


Post neurosurgery Drugs (lithium, foscarnet, amphotericin B, demeclocycline, 
ifosfamide) 

Cranial neoplasm Chronic tubulointerstitial diseases (Sjögren syndrome, 
amyloidosis, sickle cell nephropathy, multiple myeloma, 
sarcoidosis) 


Pituitary infiltrative diseases 
(histiocytosis, sarcoidosis) 
Central nervous system 
infections 

Sheehan pituitary necrosis 
Brain death 
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Treatment 


Increased extracellular fluid osmolality associated with hypernatremia initially causes cell 
shrinkage within the brain. This shrinkage causes cells to generate intracellular osmoles that pull 
water back into the cells and return brain size to normal. However, if extracellular osmolality 
normalizes rapidly, the additional intracellular osmoles pull water into the brain cells, resulting 
in cerebral edema. Therefore, hypernatremia generally should be corrected slowly by water 
administration at a rate that leads to half-correction in 24 hours. 


The water deficit in patients with hypernatremia can be estimated using the following formula: 


Total Body Water [0.6 in Men and 0.5 in Women x Body 
Weight (ke) ] x [( Plasma Sodium/140)— 1] 


However, when calculating the amount of water to administer to patients with hypernatremia, 
insensible losses and any ongoing losses from the urinary and gastrointestinal tracts must be 
taken into account. This formula also does not account for the volume of isotonic saline needed 
in patients who may be concomitantly volume depleted. Therefore, the serum sodium 
concentration should be carefully monitored to ensure an appropriate rate of correction. 
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Disorders of Serum Potassium 


e Hypokalemia 
e Hyperkalemia 
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Hypokalemia 


e Evaluation 
e Clinical Manifestations 
e Treatment 
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Evaluation 


Hypokalemia is defined as a serum potassium concentration less than 3.5 meq/L (3.5 mmol/L). 
The serum potassium concentration may be a misleading marker of the degree of a patient’s 
serum potassium deficit, as patients with normal or even increased serum concentrations of 
potassium may have significant total body potassium depletion. The exact cause of hypokalemia 
can usually be established by evaluating the history, blood pressure, acid-base balance, and urine 
potassium concentration. 
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Hypokalemia Associated with Normal Total Body Potassium 
Content 


Causes of hypokalemia associated with normal total body potassium content include a laboratory 
error or pseudohypokalemia, which may develop in patients with leukemia and elevated 
leukocyte counts. In this setting, leukocytes may extract potassium from the serum, which can 
lead to a decreased serum potassium concentration despite normal total body potassium content. 
In the absence of these circumstances, a low serum potassium concentration in the presence of 
normal total body potassium content and no evidence of gastrointestinal or kidney potassium 
losses suggests a shift of potassium from the extracellular to the intracellular space. 


The kidneys are ultimately responsible for maintaining total body potassium content, but factors 
that modulate internal potassium balance affect the disposal of acute potassium loads. 
Intracellular shifting of potassium is primarily regulated by insulin and catecholamines. An 
excess of insulin can cause a shift of potassium into the cells that decreases the serum potassium 
concentration. B-Agonists may cause a similar potassium shift. In the setting of an acute 
myocardial infarction, hypokalemia may develop as a sequela of high-circulating epinephrine 


levels. Intracellular sequestration of potassium also may occur in patients with hypothermia or in 
those with megaloblastic anemia who are treated with vitamin B12. 
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Hypokalemia Associated with Decreased Total Body 
Potassium Content 


In the absence of a cellular shift, a low serum potassium concentration can be caused by losses 
via the gastrointestinal tract or skin, kidney potassium losses, or inadequate dietary intake of 
potassium. A urine potassium concentration of less than 20 meq/L (20 mmol/L) is suggestive of 
extrarenal losses, whereas a concentration higher than this value is suggestive of kidney losses. 


The transtubular potassium concentration gradient (TTKG), which can be calculated as follows, 
also has been used to determine the cause of hypokalemia that is not associated with a cellular 


TTKG = [Urine Potassium + (Urine osmolality / Plasma 


Jit osmolality }] + Plasma Potassium 


Using this formula, a TTKG less than 2 is suggestive of extrarenal potassium losses when 
accompanied by a urine potassium-creatinine ratio less than 1 mmol/mmol and a 24-hour urine 
potassium concentration less than 15 mmol/24 h (15 mmol/d). 


Inadequate dietary intake of potassium is a rare cause of hypokalemia that is typically associated 
with anorexia nervosa, extreme dieting, alcoholism, and intestinal malabsorption. Increased 
kidney potassium excretion secondary to magnesium deficiency also may contribute to 
hypokalemia. 


Gastrointestinal disorders are the most common clinical cause of extrarenal potassium losses. 
Diarrhea leads to fecal potassium wastage and is associated with a normal anion gap acidosis due 
to increased gastrointestinal loss of bicarbonate. Acidosis causes redistribution of potassium out 
of the cells, which results in a degree of hypokalemia that is less severe than the degree of total 
body potassium depletion. 


Sweat is an unusual cause of potassium depletion. However, a substantial loss of sweat can cause 
hypokalemia. 


Increased renal tubular distal delivery of sodium and water or increased mineralocorticoid 
activity may stimulate kidney potassium secretion. These two factors are influenced by EABV 


(Figure 6). 


Distal sodium delivery and aldosterone secretion become coupled only when a pathophysiologic 
disorder is present, and this coupling is associated with kidney potassium wasting. This coupling 
can be caused by a primary increase in mineralocorticoid activity or a primary increase in distal 
sodium delivery unrelated to changes in the EABV. 


Increases in mineralocorticoid activity can be caused by primary increases in renin secretion, 
primary increases in aldosterone secretion, increases in a nonaldosterone mineralocorticoid, or an 
increased mineralocorticoid-like effect. In these settings, extracellular fluid volume is expanded 
and hypertension is typically present. 


Establishing a differential diagnosis in patients with hypertension, hypokalemia, and metabolic 
alkalosis involves measurement of the plasma renin activity and plasma aldosterone levels. 
Primary aldosteronism should be suspected in patients with hypertension who have low plasma 
renin activity and high plasma aldosterone levels. High plasma renin activity accompanied by a 
high aldosterone level is suggestive of renovascular hypertension, malignant hypertension, or a 
renin-secreting tumor. 


Conditions that cause primary increases in distal sodium delivery are characterized by normal or 
low extracellular volume and are usually associated with normal blood pressure. Diuretics that 
act proximal to the cortical collecting duct are the most frequent cause of increases in distal 
sodium delivery. Nonreabsorbed anions such as bicarbonate, which occur with active vomiting 
or a type 2 proximal renal tubular acidosis, also may increase distal sodium delivery. 


In addition, the inability to reabsorb B-hydroxybutyrate and acetoacetate as well as the sodium 
salts of penicillins in the proximal tubule can result in increased delivery of sodium to the distal 
nephron. These anions also escape reabsorption in the distal nephron; therefore, a more lumen- 
negative voltage develops, and the driving force for potassium excretion into the tubular fluid is 
enhanced. 


Hypokalemia due to a primary increase in distal sodium delivery can best be categorized by the 
presence of metabolic acidosis, which is suggestive of renal tubular acidosis, or metabolic 
alkalosis, which is suggestive of vomiting or diuretic use. 
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Figure 6. Effective arterial blood volume and kidney 
potassium wasting. 
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AII = angiotensin II; EABV = effective arterial blood volume; JG = juxtaglomerular. 
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Clinical Manifestations 


Hypokalemia leads to cell hyperpolarization, which impedes impulse conduction and muscle 
contraction. Typically, a flaccid paralysis develops in the hands and feet that moves proximally 
and eventually involves the trunk and respiratory muscles. Hypokalemia also may cause a 
myopathy that can lead to rhabdomyolysis or may cause a smooth muscle dysfunction such as 
paralytic ileus. 


Episodic hypokalemia occurs in hypokalemic periodic paralysis, an inherited disorder with an 
autosomal dominant pattern of transmission. An acquired form of this disorder occurs in patients 
with thyrotoxicosis, particularly in those of Japanese or Mexican descent. Hypokalemic periodic 


paralysis typically develops in patients between 5 and 20 years of age. Episodes of paralysis in 
affected patients are often precipitated by a meal containing carbohydrates, exercise, or stress 
and manifest as muscle weakness and paralysis lasting longer than 24 hours. Respiratory 
involvement in this condition can be fatal. 


Electrocardiographic findings in patients with hypokalemia may include ST-segment depression, 
T-wave flattening, and an increased U-wave amplitude. 


Hypokalemia causes a decrease in the medullary gradient and resistance of the cortical collecting 
tubule to antidiuretic hormone, which results in a kidney concentrating defect that leads to 
polyuria and polydipsia. Prolonged hypokalemia may lead to tubulointerstitial nephritis and 
kidney failure. Because the serum potassium concentration partially regulates insulin release, 
hypokalemia also may cause glucose intolerance. 
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Treatment 


In the absence of a significant cellular shift, a decline in the serum potassium concentration from 
4 to 3 meq/L (4 to 3 mmol/L) generally is associated with an intracellular potassium deficit of 
200 to 300 meq/70 kg (200 to 300 mmol/ 70 kg) body weight; a serum potassium concentration 
of 2 meq/L (2 mmol/L) reflects a deficit of approximately 400 to 500 meq/70 kg (400 to 500 
mmol/70 kg) body weight. Despite these guidelines, frequent monitoring of the serum potassium 
concentration still is indicated during potassium replacement therapy. 


Oral or intravenous potassium is administered as potassium chloride. Oral administration of 
potassium chloride is safer than other routes and can be given in divided dosages of 100 to 150 
meq/d. Liquid and tablet potassium chloride may irritate the gastric mucosa; microencapsulated 
or wax-matrix formulations are better tolerated. 


Intravenous potassium chloride may be needed in patients who cannot take oral medications or 
who have a large potassium deficit associated with cardiac arrhythmias, respiratory paralysis, or 
rhabdomyolysis. The maximum recommended rate of administration is 20 meq/h at a maximum 
concentration of 40 meq/L; higher concentrations will result in phlebitis. 


Replacement of potassium chloride via dextrose-containing solutions may decrease the 
potassium concentration further secondary to insulin release; therefore, saline solutions are 
preferred. Potassium bicarbonate or potassium citrate can be administered in patients with 
hypokalemia and concomitant metabolic acidosis. 


Additional therapy for chronic hypokalemia may include potassium-sparing diuretics such as 
amiloride, spironolactone, or triamterene. However, these agents should be used with caution in 
patients with kidney insufficiency or other disorders that impair kidney potassium excretion. 


PreviousNext 


Hyperkalemia 


Hyperkalemia is defined as a serum potassium concentration higher than 5 meq/L (5 mmol/L). 
As with hypokalemia, hyperkalemia may develop in the presence of normal or altered total body 
potassium content. Acute hyperkalemia usually is caused by cell shifts or tissue injury, whereas 
chronic hyperkalemia develops in patients with impaired kidney potassium excretion. 
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Evaluation 


Hyperkalemia occurs when abnormalities develop in the regulatory mechanisms that excrete 
excess potassium quickly or redistribute excess potassium into cells until it is excreted. For 
example, after consumption of a high-potassium meal, the kidneys alone cannot excrete 
potassium at a sufficiently rapid rate to prevent life-threatening hyperkalemia; in healthy 
persons, rapid shifting and storage of excess potassium into the cells are needed until the kidneys 
have successfully excreted the potassium load. 


Causes of hyperkalemia include pseudohyperkalemia, excessive dietary intake of potassium, 


cellular redistribution, and decreased kidney excretion of potassium. 
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Pseudohyperkalemia 


Pseudohyperkalemia is an in vitro phenomenon caused by the mechanical release of potassium 
from cells during phlebotomy or specimen processing or in the setting of marked leukocytosis 
and thrombocytosis. 
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Excessive Dietary Intake 


In patients with normal kidney and adrenal function, ingestion of sufficient potassium to produce 
hyperkalemia is rare. However, in patients with impaired kidney function, dietary potassium 
intake usually contributes to hyperkalemia. High-potassium dietary sources include melons, 
citrus juice, and some commercial salt substitutes. 
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Cellular Redistribution 


Hyperkalemia may result from redistribution of potassium out of cells due to tissue damage 
associated with rhabdomyolysis, trauma, burns, massive intravascular coagulation, and tumor 
lysis syndrome. 


Metabolic acidosis results in potassium redistribution out of cells and is determined by the type 
of acid present. Mineral acidosis associated with ammonium chloride or hydrochloric acid results 
in the greatest departure of potassium from cells because of the relative impermeability of the 
chloride anion. Conversely, organic acidosis associated with lactic or B-hydroxybutyric acid does 
not cause a significant efflux of potassium. 


Increased osmolality, which occurs in conditions such as uncontrolled diabetes, also causes 
potassium to move out of cells. In patients with diabetic ketoacidosis, both the hypertonic state 
and insulin deficiency cause hyperkalemia, not metabolic acidosis. 


Iatrogenic causes of hyperkalemia due to cellular redistribution include use of the depolarizing 
muscle relaxant succinylcholine and digitalis toxicity. B-Adrenergic—blocking agents also can 
interfere with disposal of acute potassium loads. 
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Decreased Kidney Excretion of Potassium 


Decreased kidney excretion of potassium is usually a result of a primary decrease in distal 
delivery of salt and water, abnormal cortical collecting duct function, or a primary decrease in 
mineralocorticoid levels. 


An acute decrease in the glomerular filtration rate (GFR) may cause a marked decrease in distal 
delivery of salt and water, which may secondarily decrease distal potassium secretion. In patients 
with oliguric acute kidney injury, distal delivery of sodium chloride and volume also is low, and 
hyperkalemia frequently occurs. Conversely, patients with nonoliguric acute kidney injury 
usually have sufficient distal delivery of sodium chloride and rarely develop hyperkalemia. 


Patients with chronic kidney disease (CKD) usually do not develop hyperkalemia until the GFR 
decreases to less than 10 mL/min/1.73 m”. Hyperkalemia that occurs in patients with a GFR 
higher than this value should raise suspicion for a decreased aldosterone level or a specific lesion 
of the cortical collecting duct. 


Decreased mineralocorticoid activity can result from primary disturbances of the renin- 
angiotensin-aldosterone system or use of drugs that interfere with this system. Hyperkalemia 
most commonly develops when one or more of these drugs are administered in a patient with a 


previously impaired renin-angiotensin-aldosterone system. NSAIDs are one of the most common 
causes of drug-induced hyperkalemia. 


Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) also 
may cause hyperkalemia. Use of these agents is particularly challenging, because patients who 
have the highest risk for hyperkalemia may experience the greatest cardiovascular and kidney 
benefits from these agents. Therefore, in patients with CKD, the level of kidney function should 
not be the sole determinant of whether ACE inhibitors or ARBs are initiated or continued. 


Amiloride, triamterene, and pentamidine inhibit distal sodium transport and secondarily inhibit 
potassium secretion; trimethoprim has a similar effect. Spironolactone and eplerenone compete 
with aldosterone and block the mineralocorticoid effect. 


The risk for developing hyperkalemia in patients using drugs that interfere with the renin- 
angiotensin-aldosterone system or secondarily inhibit potassium secretion can be minimized by 
beginning therapy with these agents at a low dose and measuring the serum potassium 
concentration 1 week after initiating or increasing the dosage. An increase in serum potassium 
greater than 5.5 meq/L (5.5 mmol/L) warrants a decrease in the dosage or elimination of the 
offending drug or, in patients treated with concomitant therapy with an ACE inhibitor, ARB, or 
aldosterone receptor blocker, discontinuation of one of these agents. The dosage of 
spironolactone also should not exceed 25 mg/d when used with an ACE inhibitor or an ARB, and 
this combination of drugs should be avoided in patients with a GFR less than 30 mL/min/1.73 
mî. 


Certain interstitial kidney diseases such as sickle cell nephropathy and lupus nephropathy can 
disproportionately affect the distal nephron and lead to hyperkalemia in the presence of normal 
aldosterone levels and only mild decreases in GFR. 
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Clinical Manifestations 


Hyperkalemia leads to depolarization of the resting membrane; the heart is particularly sensitive 
to this depolarizing effect. Electrocardiographic findings in patients with hyperkalemia include 
peaking of T waves, lengthening of the PR and QRS intervals, development of a sine wave 
pattern, and eventually ventricular fibrillation and asystole. These changes usually develop at a 
serum potassium concentration of 6 meq/L (6 mmol/L) in patients with acute hyperkalemia, 
whereas electrocardiograms in patients with chronic hyperkalemia may remain normal until this 
value reaches 8 to 9 meq/L (8 to 9 mmol/L). 


Neuromuscular manifestations associated with hyperkalemia include ascending paralysis and 
eventual flaccid quadriplegia. Hyperkalemic periodic paralysis is caused by mutations in the 
sodium channel SCN4A gene. This condition usually affects patients who are less than 10 years 
of age and manifests as attacks lasting less than 24 hours. Fasting and potassium administration 
may precipitate attacks of hyperkalemic periodic paralysis. 
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Treatment 


e Acute Hyperkalemia 
e Chronic Hyperkalemia 
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Acute Hyperkalemia 


Immediate treatment with calcium gluconate or calcium chloride is indicated for patients with 
life-threatening hyperkalemia. Electrocardiographic changes also warrant calcium therapy. 


Combination therapy with glucose and insulin shifts potassium into cells. Administration of 
sodium bicarbonate helps to expand the extracellular fluid space and therefore dilutes the serum 
potassium concentration but also may shift potassium into cells. Inhalation of B2-agonists and 
parenteral use of albuterol also may cause a significant potassium shift into cells. 


However, although these therapies provide immediate relief of acute potassium toxicity, the 
improvement is only temporary; interventions such as administration of sodium polystyrene 
sulfonate and dialysis help to decrease total body potassium content. 
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Chronic Hyperkalemia 


When possible, discontinuation of drugs that impair kidney potassium excretion is indicated for 
patients with chronic hyperkalemia. A low-potassium diet also should be initiated, including 
avoidance of potassium-containing salt substitutes. 


Interventions that increase urine flow rate and distal sodium delivery may enhance kidney 
potassium excretion. Agents that increase kidney potassium loss may be warranted. Thiazide 
diuretics can be used to help treat hyperkalemia in patients with GFR above 30 mL/min/1.73 m’, 
but loop diuretics are needed for patients with a GFR below 30 mL/min/1.73 m’. 


In patients with CKD associated with metabolic acidosis, sodium bicarbonate therapy is 


indicated. Intermittent potassium-binding resin therapy also may help in this setting but is poorly 
tolerated when used as chronic therapy and has been associated with gastrointestinal ulceration. 
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Disorders of Serum Phosphate 


e Hypophosphatemia 
e Hyperphosphatemia 
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Hypophosphatemia 


Hypophosphatemia is defined as a serum phosphate concentration less than 3 mg/dL (1 mmol/L). 
The glomerulus freely filters approximately 90% of plasma inorganic phosphate, and the 
proximal tubule reabsorbs nearly 80% of the filtered load. Phosphate crosses the apical 
membrane of the proximal tubular cell via the type Ila sodium-phosphate cotransporter. Low 
dietary phosphate intake and decreased parathyroid hormone levels increase cotransporter 
expression, whereas high dietary phosphate intake and elevated parathyroid hormone levels 
decrease cotransporter expression. 


Hypophosphatemia is common in hospitalized patients, particularly those with sepsis and 
trauma. Severe symptomatic hypophosphatemia is relatively rare and most often develops in 
patients with chronic alcoholism. 


Hypophosphatemia may manifest as severe weakness, rhabdomyolysis, hemolysis, and a 
leftward shift of the oxygen dissociation curve. 
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Evaluation 


Hypophosphatemia may be caused by decreased dietary intake of phosphate, a cellular shift, 
decreased gastrointestinal absorption, increased kidney excretion, or a combination of these 
factors (Table 8). For example, hypophosphatemia in patients with alcoholism often develops 
because of poor oral intake, decreased intestinal absorption due to frequent vomiting and 
diarrhea, and increased kidney excretion due to the direct effect of ethanol on the tubule. 
Furthermore, respiratory alkalosis that develops during alcohol withdrawal and correction of 
alcoholic ketoacidosis shift phosphate into the cells. The administration of glucose-containing 
fluids stimulates the release of insulin, which further shifts phosphate into the intracellular 
compartment. 


Glycosuria, ketonuria, and osmotic diuresis lead to decreased total body phosphate content in 
patients with diabetic ketoacidosis. However, the insulin deficiency and acidemia associated with 
diabetic ketoacidosis may cause the serum phosphate concentration in affected patients to be 
normal or even increased. Treatment of this condition with insulin and correction of the acidosis 
shifts phosphate into cells, which then unmasks the total body phosphate deficit. 


Table 8. Selected Causes of Hypophosphatemia 


Cellular Redistribution 
Respiratory alkalosis 
Administration of glucose and insulin (refeeding) 
Correction of metabolic acidosis 
Intestinal Malabsorption 

Vitamin D deficiency 
Fat malabsorption 

Increased Kidney Excretion 
Hyperparathyroidism 
Fanconi syndrome 
Vitamin D-resistant rickets 
Osmotic diuresis 

Decreased Phosphate Intake 
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Treatment 


Phosphate supplementation is indicated only for patients who are symptomatic or who have a 
condition resulting in chronic phosphate wasting. Oral phosphate therapy is the preferred 
treatment of hypophosphatemia. Intravenous phosphate can precipitate with calcium and produce 
various adverse effects, including hypocalcemia, acute kidney injury, and potentially 
arrhythmias. Intravenous phosphate replacement therapy therefore should be reserved for 
patients with a serum phosphate level below 1.5 mg/dL (0.5 mmol/L) and warrants close 
monitoring of serum phosphorus levels. 
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Hyperphosphatemia 

Hyperphosphatemia is defined as a serum phosphate concentration greater than 4.5 mg/dL (1.4 
mmol/L). Acute hyperphosphatemia is typically caused by tissue breakdown, which occurs in 
rhabdomyolysis or tumor lysis syndrome. 
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Acid-Base Disorders 


Evaluation of all acid-base disorders begins by determining which acid-base disorder(s) are 
present, the cause of each disorder, and whether adequate compensation is present. Metabolic 
disturbances are characterized by a pH abnormality caused by a change in the serum bicarbonate, 
whereas respiratory disturbances are characterized by an arterial Pco2 abnormality. 


Key Points 


Metabolic acidosis is characterized by a low serum pH, a decreased serum bicarbonate 
concentration, and a respiratory compensation resulting in a decreased arterial PCO>. 
The presence of either a low albumin level or an unmeasured cationic light chain results 
in a low anion gap. 

Metabolic acidosis of extrarenal origin is suggested by a large, negative urine anion gap, 
whereas metabolic acidosis of kidney origin is suggested by a positive urine anion gap. 
Treatment of proximal renal tubular acidosis may require sodium bicarbonate, and the 
addition of a thiazide diuretic may be warranted. 

Treatment of hypokalemic distal renal tubular acidosis includes correction of 
hypokalemia followed by administration of alkali therapy. 

The primary treatment of hyperkalemic distal renal tubular acidosis is to correct the 
hyperkalemia. 

Accumulation of D-lactate produces an anion gap metabolic acidosis that is associated 
with normal serum lactate levels. 

Ethylene glycol and methanol poisoning are characterized by a severe anion gap 
metabolic acidosis accompanied by an osmolal gap greater than 10 mosm/kg H20 (10 
mmol/kg H20). 

Fomepizole is the agent of choice to inhibit alcohol dehydrogenase and prevent formation 
of toxic metabolites in patients with ethylene glycol and methanol poisoning. 

An unexplained anion gap metabolic acidosis in the presence of recent acetaminophen 
ingestion should raise suspicion for pyroglutamic acidosis. 


e Saline-responsive metabolic alkalosis is characterized by a low effective arterial blood 
volume and a urine chloride level less than 15 meq/L (15 mmol/L). 

e The preferred treatment of metabolic alkalosis in patients with volume expansion is to 
remove the underlying cause of the persistent mineralocorticoid activity or block actions 
of mineralocorticoid at the level of the kidney. 

e Acute compensation for respiratory alkalosis is characterized by a 2 meq/L (2 mmol/L) 
decrease in serum bicarbonate for each 10 mm Hg decrease in the arterial PCO>. 

e Chronic compensation for respiratory alkalosis is characterized by a 5 meq/L (5 mmol/L) 
decrease in serum bicarbonate for each 10 mm Hg decrease in arterial PCO>. 

e Respiratory alkalosis may cause lightheadedness and palpitations and symptoms that 
resemble those of hypocalcemia, including paresthesias and carpopedal spasm. 

e Reassurance and rebreathing into a paper bag or other closed system are indicated for 
patients with respiratory alkalosis associated with the hyperventilation syndrome. 

e Primary respiratory acidosis is characterized by the presence of acidemia and 
hypercapnia. 

e Serum bicarbonate concentrations higher or lower than the expected compensation 
suggest the presence of a mixed respiratory and metabolic acid-base disorder. 

e Patients with acute respiratory acidosis are primarily at risk for hypoxemia rather than 
hypercapnia or acidemia. 

e Excessive oxygen may worsen hypoventilation in patients with chronic respiratory 
acidosis. 

e Correction of induced posthypercapnic metabolic alkalosis can usually be achieved with 
saline and discontinuation of loop diuretics if these agents are being used. 
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Metabolic Acidosis 


e Diagnosis and Evaluation 
e Classification 
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Diagnosis and Evaluation 


Metabolic acidosis is characterized by a low serum pH, a decreased serum bicarbonate 
concentration, and a respiratory compensation resulting in a decreased arterial PCO: (Table 9). 
Assessment of the serum anion gap helps to further evaluate patients with metabolic acidosis 
(Figure 7). This value can be calculated using the following formula: 


Anion Gap = [Sodium] —-([{ Chloride] + [Bicarbonate ]) 


Normally, the anion gap is approximately 12 + 2 meq/L (12 + 2 mmol/L). Most unmeasured 
anions consist of albumin. Therefore, the presence of either a low albumin level or an 
unmeasured cationic light chain, which occurs in multiple myeloma, results in a low anion gap. 
When the primary disturbance is a metabolic acidosis, the anion gap helps to narrow the 
diagnostic possibilities to a high anion gap acidosis or a normal anion gap acidosis. 


Normal anion gap metabolic acidosis can be of kidney or extrarenal origin. Metabolic acidosis of 
kidney origin such as renal tubular acidosis (RTA) is caused by abnormalities in tubular 
hydrogen transport (Figure 8). Metabolic acidosis of extrarenal origin is most commonly caused 
by gastrointestinal losses of bicarbonate; other extrarenal causes include the external loss of 
biliary and pancreatic secretions and ureteral diversion procedures. 


The clinical history usually helps to distinguish between kidney and extrarenal causes of 
metabolic acidosis, but measuring the urine ammonium excretion can confirm the cause of this 
condition. Extrarenal causes of metabolic acidosis are associated with an appropriate increase in 
net acid excretion that is primarily reflected by high levels of urine ammonium excretion, 
whereas kidney causes of this condition are associated with low net acid excretion and decreased 
urine ammonium levels. 


Urine ammonium measurement is not a commonly available study, but this value can be 
indirectly assessed by calculating the urine anion gap (UAG) using the following formula: 


Urine Anion Gap = (| Urine Sodium] + [Urine Potassium |) 


— [Urine Chloride 


The UAG is normally between 30 to 50 meq/L (30 to 50 mmol/L). Metabolic acidosis of 
extrarenal origin is suggested by a large, negative UAG caused by significantly increased urine 
ammonium excretion. Conversely, metabolic acidosis of kidney origin is suggested by a positive 
UAG related to minimal urine ammonium excretion. 


Table 9. Compensation in Acid-Base Disorders 


Condition Expected Compensation 
Metabolic Acute: PCO, = (1.5) [HCO3] + 8 
acidosis Chronic: PCO2 = [HCO3] + 15 


Failure of the PCO, to decrease to expected value = complicating respiratory 
acidosis; excessive decrease of the PCO2 = complicating respiratory alkalosis 
Quick check: PCO, = value should approximate last two digits of pH 
Metabolic For each ft 1 meq/L in [HCO3], PCO: Tf 0.7 mm Hg 
alkalosis 


Respiratory Acute: 1 meq/L fî [HCO3] for each 10 mm Hg f in PCO? 


acidosis Chronic: 3.5 meq/L f? [HCO3] for each 10 mm Hg f in PCO 
Failure of the [HCOs3] to increase to the expected value = complicating metabolic 
acidosis; excessive increase in [HCO3] = complicating metabolic alkalosis 
Respiratory Acute: | 2 meq/L [HCoO3] for each 10 mm Hg | in PCO 
alkalosis Chronic: 4-5 meq/L | [HCO3] for each 10 mm Hg | in PCO, 
Failure of the [HCO3] to decrease to the expected value = complicating 
metabolic alkalosis; excessive decrease in [HCO3] = complicating metabolic 
acidosis 
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Figure 7. Approach to the patient with a decreased serum 
bicarbonate concentration. 
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Figure 8. Approach to the patient with metabolic acidosis of 
kidney origin. 

RTA = renal tubular acidosis. 

“Abnormal proximal tubular function refers to the finding of glycosuria in the setting of normal 


serum glucose levels, aminoaciduria, and uricosuria, which are features of the Fanconi 
syndrome. 


PreviousNext 


Classification 


e Normal Anion Gap Metabolic Acidosis of Kidney Origin 
e Normal Anion Gap Metabolic Acidosis of Extrarenal Origin 


e Anion Gap Metabolic Acidosis 
e Mixed Metabolic Disorders 
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Normal Anion Gap Metabolic Acidosis of Kidney Origin 


Proximal Renal Tubular Acidosis 


Hypokalemic Distal Renal Tubular Acidosis 
Hyperkalemic Distal Renal Tubular Acidosis 


Renal Tubular Acidosis of Kidney Insufficiency 
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Proximal Renal Tubular Acidosis 


Proximal or type 2 RTA should be suspected in patients with a normal anion gap metabolic 
acidosis, a normal UAG, hypokalemia, and an intact ability to acidify the urine to a pH of less 
than 5.5 while in a steady state. In the steady state, the serum bicarbonate concentration is 
usually between 16 and 18 meq/L (16 and 18 mmol/L). 


Proximal RTA can be an isolated finding but most commonly is accompanied by generalized 
dysfunction of the proximal tubule, which manifests as glycosuria, phosphaturia, uricosuria, 
aminoaciduria, and tubular proteinuria and is known as Fanconi syndrome (Table 10). Proximal 
RTA is not associated with nephrolithiasis or nephrocalcinosis. However, osteomalacia can 
develop as a result of chronic hypophosphatemia and/or deficiency in the active form of vitamin 
D. Patients with proximal RTA may develop osteopenia due to acidosis-induced 
demineralization of bone. 


Correction of acidosis in patients with proximal RTA is often not possible even with 
administration of large amounts of sodium bicarbonate, because bicarbonate is rapidly excreted 
in the urine. In addition, this therapy accelerates kidney potassium losses. The addition of a 
thiazide diuretic may increase the efficacy of alkali therapy by inducing volume depletion, 
lowering the glomerular filtration rate (GFR) and thereby decreasing the filtered load of 
bicarbonate. The addition of a potassium-sparing diuretic may limit the degree of kidney 
potassium wasting. Once therapy is initiated, close monitoring of serum electrolyte levels is 
indicated to prevent severe derangements in these levels. 


Table 10. Causes of Proximal Renal Tubular Acidosis 


Isolated Renal Tubular Acidosis 
Sporadic 
Familial 
Disorders of carbonic anhydrase 
Drug-induced 


Acetazolamide 

Sulfanilamide 

Topiramate 

Carbonic anhydrase II deficiency 
Renal Tubular Acidosis Associated with Fanconi Syndrome 
Systemic disease not present: 
Sporadic 

Familial 

Systemic disease present: 
Genetic disorders 

Cystinosis 

Wilson disease 

Hereditary fructose intolerance 
Lowe syndrome 

Metachromatic leukodystrophy 
Dysproteinemic states 

Myeloma kidney 

Light chain deposition disease 
Primary and secondary hyperparathyroidism 
Drugs or toxins 

Outdated tetracycline 

Ifosfamide 

Gentamicin 

Steptozocin 

Lead 

Cadmium 

Mercury 

Tubulointerstitial diseases 
Posttransplant rejection 

Balkan nephropathy 

Medullary cystic disease 

Other 

Bone fibroma 

Osteopetrosis 

Paroxysmal nocturnal hemoglobinuria 
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Hypokalemic Distal Renal Tubular Acidosis 


Hypokalemic distal RTA (type 1 RTA) should be considered in patients with a normal anion gap 
acidosis, hypokalemia, a positive UAG, and an inability to maximally decrease the urine pH; a 
urine pH greater than 5.5 in the setting of systemic acidosis is consistent with this condition 
(Table 11). Compared with patients with proximal RTA, the systemic acidosis in patients with 
hypokalemic distal RTA is usually more severe, and the serum bicarbonate concentration may be 
as low as 10 meq/L (10 mmol/L). Hypokalemic distal RTA also may cause severe hypokalemia 
that can lead to musculoskeletal weakness and symptoms of nephrogenic diabetes insipidus. 


Patients with hypokalemic distal RTA frequently have nephrolithiasis and nephrocalcinosis. This 
predisposition to kidney calcification results from the combined effects of increased urine 
calcium excretion due to acidosis-induced bone mineral dissolution, a persistently alkaline urine 
pH, and low urine citrate excretion. 


Administration of alkali therapy in an amount equal to daily acid production (usually 1 to 2 
meq/kg daily) usually corrects the metabolic acidosis in patients with hypokalemic distal RTA. 
The potassium deficit should be corrected in these patients before correcting the acidosis. 
Potassium citrate is the preferred form of alkali therapy for patients with persistent hypokalemia 
or calcium stone disease. 


Table 11. Causes of Hypokalemic Distal Renal Tubular 
Acidosis 


Primary 

Idiopathic 
Familial 

Secondary 
Autoimmune disorders 
Hypergammaglobulinemia 
Sjögren syndrome 
Primary biliary cirrhosis 
Systemic lupus erythematosus 
Genetic disorders 
Ehlers-Danlos syndrome 
Marfan syndrome 
Hereditary elliptocytosis 
Drugs and toxins 
Amphotericin B 
Toluene* 
Disorders associated with nephrocalcinosis 


Hyperparathyroidism 
Hypervitaminosis D 
Idiopathic hypercalciuria 
Tubulointerstitial diseases 
Obstructive uropathy 
Kidney transplantation 


“Found in model glue, spray paint, and paint thinners. Prolonged, repeated toluene exposure can 
lead to irreversible electrolyte abnormalities. 
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Hyperkalemic Distal Renal Tubular Acidosis 


Hyperkalemic distal RTA (type 4 RTA) should be suspected in patients with a normal anion gap 
metabolic acidosis associated with hyperkalemia and a slightly positive UAG (Table 12). 
Patients in whom this condition is caused by a defect in mineralocorticoid activity typically have 
a urine pH higher than 5.5. 


In patients with structural damage to the collecting duct, the urine pH may be alkaline. This 
finding reflects both impaired hydrogen secretion and decreased urine ammonium excretion. 


Hyperkalemic distal RTA occurs most often in patients with diabetes mellitus who have mild-to- 
moderate kidney insufficiency. However, the magnitude of hyperkalemia and acidosis is 
disproportionately severe for the observed degree of kidney insufficiency. This condition also 
may occur in patients with a urinary tract obstruction. 


The primary goal of treatment in patients with hyperkalemic distal RTA is to correct the 
hyperkalemia. A decrease in the serum potassium level often results in correction of the acidosis 
by restoring kidney ammonium production and therefore increasing the buffer supply for distal 
acidification. Alkali therapy with sodium bicarbonate may treat the acidosis and hyperkalemia in 
patients with hyperkalemic distal RTA. 


Drugs known to interfere in the synthesis or activity of aldosterone should be discontinued. In 
patients who do not have hypertension or fluid overload, administration of a synthetic 
mineralocorticoid such as fludrocortisone is an effective treatment for aldosterone deficiency; in 
patients with hypertension, a thiazide diuretic would be an appropriate alternative treatment. In 
addition, loop diuretics are indicated in patients with an estimated GFR of less than 30 
mL/min/1.73 m’; these agents increase distal sodium delivery, which stimulates potassium and 
hydrogen secretion in the collecting duct. 


Table 12. Causes of Hyperkalemic Distal Renal Tubular 
Acidosis 


Mineralocorticoid Deficiency 

Low renin, low aldosterone 
Diabetes mellitus 
Drugs 
NSAIDs 
Cyclosporine A 
Tacrolimus 
B-Blockers 
High renin, low aldosterone 
Adrenal destruction 
Congenital enzyme defects 
Drugs 
Angiotensin-converting enzyme inhibitors 
Angiotensin receptor blockers 
Heparin 
Ketoconazole 

Cortical Collecting Duct Abnormalities 
Absent or defective mineralocorticoid receptor 
Drugs 
Spironolactone 
Eplerenone 
Triamterene 
Amiloride 
Trimethoprim 
Pentamidine 
Chronic tubulointerstitial disease 
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Renal Tubular Acidosis of Kidney Insufficiency 


Patients with chronic kidney disease (CKD) initially develop a normal anion gap metabolic 
acidosis associated with normokalemia as the GFR decreases below 30 mL/min/1.73 m7. In 


patients with a GFR of less than 15 mL/min/1.73 m’, an anion gap metabolic acidosis usually 
develops and reflects a progressive inability to excrete phosphate, sulfate, and the sodium salts of 
various organic acids. Initiation of sodium bicarbonate once the serum sodium level decreases to 
less than 22 meq/L (22 mmol/L) achieves correction of the metabolic acidosis in patients with 
CKD. 
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Normal Anion Gap Metabolic Acidosis of Extrarenal Origin 


e Diarrhea 
e [leal Conduits 
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Diarrhea 


Loss of bicarbonate in intestinal secretions distal to the stomach can cause metabolic acidosis. 
Hypokalemia caused by gastrointestinal losses together with a low serum pH stimulate the 
synthesis of ammonia in the proximal tubule. The increase in availability of ammonia allows for 
a maximal increase in hydrogen secretion by the distal nephron. This large increase in buffer 
capacity may cause the urine pH to persistently remain above 6.0 during chronic diarrheal states. 


However, a normal anion gap hypokalemic metabolic acidosis associated with a urine pH greater 
than 5.5 is consistent with both a diarrheal state and hypokalemic distal RTA. The clinical 
history usually helps to distinguish between these two conditions but would not be useful in the 
setting of surreptitious laxative abuse; therefore, the UAG is often used to establish a definitive 
diagnosis (see Figure 8). 
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Ileal Conduits 


Surgical diversion of the ureter into the intestine may lead to the development of a normal anion 
gap metabolic acidosis due to systemic reabsorption of ammonium and chloride from the urinary 
fluid and exchange of chloride for bicarbonate through activation of the chloride-bicarbonate 
exchanger on the intestinal lumen. The likelihood of developing metabolic acidosis associated 
with ileal conduits increases with the amount of time the urine is in contact with the bowel and 
the total surface area of bowel that is exposed to urine. 
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Anion Gap Metabolic Acidosis 


Lactic Acidosis 

D-Lactic Acidosis 

Diabetic Ketoacidosis 

Alcoholic Ketoacidosis 

Ethylene Glycol and Methanol Poisoning 
Salicylate Poisoning 


Pyroglutamic Acidosis 
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Lactic Acidosis 


Lactic acidosis develops when an imbalance occurs between the production and use of lactic 
acid. Lactic acidosis due to increased production of lactic acid may occur in patients who engage 
in extreme exercise or have tonic-clonic seizures and is usually of short duration. Patients with 
sustained, severe lactic acidosis have a concomitant defect in lactic acid use. 


Type A lactic acidosis is associated with underperfusion of tissue or acute hypoxia, whereas 
patients with type B lactic acidosis do not have these features (Table 13). 


Table 13. Causes of Lactic Acidosis 


Type A 
Cardiogenic shock 
Septic shock 
Hemorrhagic shock 
Acute hypoxia 
Carbon monoxide poisoning 
Anemia 
Type B 
Hereditary enzyme deficiency (glucose-6-phosphate dehydrogenase deficiency) 
Drugs or toxins 
Phenformin 
Metformin 
Cyanide 
Salicylates 
Ethylene glycol 
Methanol 


Propylene glycol 

Linezolid 

Propofol 

Nucleoside reverse transcriptase inhibitors (stavudine, didanosine) 
Systemic diseases 

Liver failure 

Malignancy 
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D-Lactic Acidosis 


D-Lactic acidosis is a form of metabolic acidosis that can occur in patients who have the short- 
bowel syndrome, which may be caused by small-bowel resection or jejunoileal bypass surgery. 
In these patients, the colon receives large amounts of carbohydrates that are normally extensively 
reabsorbed in the small intestine. In the presence of colonic bacterial overgrowth, these 
substrates are metabolized into D-lactate and absorbed into the systemic circulation. 
Accumulation of D-lactate produces an anion gap metabolic acidosis that is associated with 
normal serum lactate levels, because the standard test for lactate is specific for L-lactate. 


Patients with D-lactic acidosis typically seek medical attention after ingesting a high- 
carbohydrate meal and present with neurologic abnormalities such as confusion, slurred speech, 
and ataxia. Management of this condition primarily involves sodium bicarbonate therapy for 
acute acidosis and a low-carbohydrate diet and antimicrobial therapy to decrease the degree of 
bacterial overgrowth. 
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Diabetic Ketoacidosis 


Diabetic ketoacidosis is usually associated with an anion gap acidosis, but a normal anion gap 
acidosis may be present early in the disease course when the extracellular fluid volume is nearly 
normal. The degree to which the anion gap is elevated is determined by the rapidity, severity, 
and duration of the ketoacidosis as well as the status of the extracellular fluid volume. 


Insulin and intravenous fluids to correct volume depletion are indicated in patients with diabetic 
ketoacidosis. Because diabetic ketoacidosis commonly causes deficiencies in potassium, 
magnesium, and phosphate, intravenous replacement therapy with these electrolytes also may be 
warranted. 
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Alcoholic Ketoacidosis 


Ketoacidosis may develop in patients with a history of chronic ethanol abuse; decreased food 
intake; and, often, nausea and vomiting. The alcohol withdrawal, volume depletion, and 
starvation that occur in these patients significantly increase the levels of circulating 
catecholamines, which results in the peripheral mobilization of fatty acids that is much greater 
than would be associated with starvation alone. In addition, the metabolism of alcohol leads to an 
increase in the reduced-oxidized nicotinamide adenine dinucleotide ratio, causing a higher B- 
hydroxybutyrate-acetoacetate ratio. 


Stimulation of insulin release leads to diminished fatty acid mobilization from adipose tissue as 
well as decreased hepatic output of ketoacids. Therefore, glucose administration leads to the 
rapid resolution of acidosis in patients with alcoholic ketoacidosis. 
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Ethylene Glycol and Methanol Poisoning 


Ethylene glycol and methanol poisoning are characterized by a severe anion gap metabolic 
acidosis accompanied by an osmolal gap. An osmolal gap is present when the measured plasma 
osmolality exceeds the calculated plasma osmolality by >10 mosm/kg H2O (10 mmol/kg H20) 
(see Osmolality and Tonicity). 


These conditions are also associated with lactic acidosis, which contributes to the elevated anion 
gap. 


Ethylene glycol is a component of antifreeze and solvents. Metabolism of ethylene glycol by 
alcohol dehydrogenase generates various acids, including glycolic, oxalic, and formic acids. 


Ethylene glycol poisoning initially causes neurologic manifestations similar to ethanol 
intoxication, and seizures and coma can rapidly develop. If this condition is not treated, 
noncardiogenic pulmonary edema and cardiovascular collapse may occur. Approximately 24 to 
48 hours after ethylene glycol ingestion, patients may develop flank pain and kidney failure that 
is often accompanied by calcium oxalate crystals in the urine. 


Methanol is also metabolized by alcohol dehydrogenase and forms formaldehyde, which is then 
converted to formic acid. Clinical manifestations of methanol ingestion include acute inebriation 
followed by an asymptomatic period lasting 24 to 36 hours. Abdominal pain caused by 
pancreatitis, seizures, and coma may then develop. Because formic acid is toxic to the retina, 
blindness also may occur. Furthermore, methanol intoxication is associated with hemorrhage in 
the white matter and putamen, which can lead to a parkinsonian syndrome. 


Management of ethylene glycol and methanol poisoning involves supportive measures such as 
stabilization of the respiratory system, treatment of acidosis, reducing the metabolism of these 
compounds, and accelerating the removal of the alcohol from the body through methods such as 
hemodialysis. Fomepizole is the agent of choice to inhibit alcohol dehydrogenase and prevent 
formation of toxic metabolites. 
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Salicylate Poisoning 


Aspirin poisoning leads to increased lactic acid production. The accumulation of lactic acid, 
salicylic acid, ketoacids, and other organic acids results in an anion gap metabolic acidosis. 
Salicylates also have a concomitant direct stimulatory effect on the respiratory center. Increased 
ventilation lowers the arterial PCO2, which contributes to the development of a respiratory 
alkalosis. 


Salicylate poisoning manifests as either a respiratory alkalosis or an anion gap metabolic acidosis 
in adults, whereas affected children usually only have an anion gap metabolic acidosis. Clinical 
manifestations of salicylate poisoning in adults may include tinnitus, tachypnea, tachycardia, 
excessive sweating, and nausea and vomiting. Patients with severe toxicity may develop 
hyperthermia, pulmonary edema, hematemesis, and mental status changes. 


In addition to supportive therapy, initial management of salicylate poisoning includes correcting 
the systemic acidemia and increasing the urine pH. Increasing the systemic pH leads to an 
increase in the ionized fraction of salicylic acid, which results in decreased accumulation of the 
drug in the central nervous system. An alkaline urine pH also favors increased urine excretion of 
the salicylate. Hemodialysis is warranted in patients with serum salicylate concentrations above 
80 mg/dL (5.8 mmol/L) or in the setting of severe clinical toxicity. 
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Pyroglutamic Acidosis 


Pyroglutamic acidosis occurs in critically ill patients who receive therapeutic doses of 
acetaminophen; in this setting, acetaminophen metabolism and oxidative stress associated with 
critical illness lead to a decrease in glutathione levels, which causes pyroglutamic acid to 
accumulate. Pyroglutamic acidosis manifests as an anion gap metabolic acidosis accompanied by 
mental status changes ranging from confusion to coma. An unexplained anion gap metabolic 
acidosis in the presence of recent acetaminophen ingestion should raise suspicion for this 
condition. 
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Mixed Metabolic Disorders 


The process for determining if a complicating metabolic disturbance is present along with an 
anion gap metabolic acidosis involves calculating the corrected bicarbonate level. If the 
corrected bicarbonate level is less than 24 + 2 meq/L (24 + 2 mmol/L), a coexisting normal anion 
gap metabolic acidosis is present; conversely, if the corrected bicarbonate level is greater than 24 
+ 2 meq/L (24 + 2 mmol/L), a coexisting metabolic alkalosis is present. 


The corrected bicarbonate level is obtained using the following formula: 


Corrected Bicarbonate = 


[Measured Hco,] + [Anion Gap — 12] 


This formula is based upon the assumption that the measured anion gap represents in part the 
bicarbonate that was consumed in attempting to compensate for the process producing the anion 
gap metabolic acidosis. If the measured anion gap is added to the measured bicarbonate 
concentration and the normal anion gap of 12 is subtracted, then the result should represent the 
bicarbonate concentration if the anion gap acidosis were not present, hence the name “corrected 
bicarbonate.” Finding an abnormal bicarbonate concentration after this correction is made 
suggests the presence of an additional normal anion gap acidosis if the corrected bicarbonate 
level is lower than normal or a metabolic alkalosis if the corrected bicarbonate level is higher 
than normal. 
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Metabolic Alkalosis 


Metabolic alkalosis develops when a decrease in acid or increase in alkali results in the addition 
of new bicarbonate, which may be generated by kidney or extrarenal mechanisms, to the blood. 
To maintain a metabolic alkalosis, the capacity of the kidney to correct the alkalosis must be 
impaired or the capacity to reabsorb bicarbonate must be enhanced, and at least one of the 
following features is usually required: decreased effective arterial blood volume (EABV), 
hypokalemia, or hypochloremia (Figure 9). Treatment is focused on correction of the 
mechanism responsible for metabolic alkalosis. 


Metabolic alkalosis is generally benign. However, alkalemia can lead to respiratory depression 

and decreased delivery of oxygen to the tissues and a high blood pH can cause decreased tissue 
perfusion. Therefore, aggressive correction of the alkalosis is particularly important in critically 
ill patients, in whom perfusion of the heart and brain is essential. 


Metabolic alkalosis 


Evaluate EABV to exclude compensation 
for respiratory acidosis 


Assess blood pressure and EABV 


Increased Low-normal 


Proceed according to renin Urine chloride 


and aldosterone levels as 
in workup of hypokalemia 


Urine sodium | s Active diuretic use 


= Magnesium deficiency 


; * Barttersyndrome 
Low High | « Gittelman syndrome 


= Posthypercapnic * Vomiting (active) 


= Remote use of diuretics = Excretion of non- 
= Vomiting (not active) reabsorbable anion 


Figure 9. Approach to the patient with metabolic alkalosis. 


EABV = effective arterial blood volume. 
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Classification and Evaluation 


Assessment of the EABV can help to determine whether a metabolic alkalosis is saline resistant 
(Table 14). If the EABV can be restored with saline, the metabolic alkalosis can be easily 
corrected; however, numerous types of metabolic alkalosis respond poorly to saline. Saline- 
resistant metabolic alkalosis is generally maintained by a combination of increased 
mineralocorticoid levels, increased distal sodium delivery, and hypokalemia. 


Table 14. Classification of Metabolic Alkalosis 


Low EABV Low EABV High EABV 
Urine Chloride (meq/L) <15 >15 >15 
Response to Saline Saline responsive Saline resistant Saline resistant 


EABV = effective arterial blood volume. 
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Saline-Responsive Metabolic Alkalosis Associated with a 
Decreased Effective Arterial Blood Volume 


e Gastrointestinal Acid Loss 
e Diuretic Use 
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Gastrointestinal Acid Loss 


Vomiting or nasogastric suction can cause a loss of gastric acid that generates a metabolic 
alkalosis. This alkalosis is maintained by volume contraction due to loss of sodium chloride in 
the gastric fluid. During active vomiting, the plasma bicarbonate concentration is usually higher 
than the threshold for reabsorption in the proximal nephron. The resultant bicarbonaturia leads to 
increased excretion of sodium and potassium bicarbonate, which results in further total body 
sodium depletion and the development of potassium depletion. 


During this active phase, the urine chloride level is typically less than 15 meq/L (15 mmol/L) 
and is accompanied by elevated urine sodium and potassium levels and a urine pH between 7 and 
8. When the patient stops vomiting, an equilibrium is established such that the bicarbonaturia 
resolves; however, a metabolic alkalosis is maintained by the volume contraction, potassium 
depletion, and reduced GFR. Among these factors, the decreased EABV is primarily responsible 
for maintaining the metabolic alkalosis, and administration of saline results in bicarbonaturia and 
correction of the metabolic alkalosis. 
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Diuretic Use 


Thiazide and loop diuretics commonly cause a metabolic alkalosis that is generated in the distal 
nephron by the combination of high aldosterone levels and enhanced distal delivery of sodium. If 
diuretics are stopped and the patient remains on a low-sodium diet, the alkalosis will be 


maintained because the patients are usually volume contracted and hypokalemic. Saline infusion 
is indicated to correct this condition. 
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Saline-Resistant Metabolic Alkalosis Associated with a 
Decreased Effective Arterial Blood Volume 

In some forms of metabolic alkalosis, the alkalosis is maintained by a decreased EABV as well 
as additional factors, such as increased distal delivery of sodium and a mineralocorticoid effect 


(Table 15). Saline infusions in these settings may decrease the metabolic alkalosis but will not 
completely resolve this condition. 


Table 15. Treatment of Saline-Resistant Metabolic Alkalosis 


Cause Treatment 
Decreased EABV 
Thiazide and loop diuretics Discontinue causative drug; replete EABV 
Magnesium deficiency Replete magnesium deficit 
Gitelman syndrome Amiloride, triamterene, or spironolactone; potassium 
supplements and magnesium supplements 
Bartter syndrome Amiloride, triamterene, or spironolactone; potassium 
supplements; magnesium supplements if needed 
Increased EABV 
Renin-secreting tumor Remove tumor 
Primary hyperaldosteronism Remove tumor; spironolactone for BAH 
Glucocorticoid-remediable Dexamethasone 
aldosteronism 
Liddle syndrome Amiloride or triamterene 


BAH = bilateral adrenal hyperplasia; EABV = effective arterial blood volume. 
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Saline-Resistant Metabolic Alkalosis Associated with an 
Increased Effective Arterial Blood Volume 


Metabolic alkalosis that is associated with a high EABV is both generated and maintained by 
increased mineralocorticoid activity accompanied by increased distal delivery of sodium. 
Potassium deficiency also occurs in this setting and exacerbates the alkalosis. 


The preferred treatment of metabolic alkalosis in patients with volume expansion and primary 
mineralocorticoid excess is to remove the underlying cause. When this intervention is not 
possible, therapy is directed at blocking the actions of the mineralocorticoid at the level of the 
kidney (see Table 15). 
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Respiratory Alkalosis 


Primary respiratory alkalosis is characterized by an arterial PCO? of less than 35 mm Hg. Liver 
failure is a common cause of primary respiratory alkalosis. Salicylate poisoning and elevated 
progesterone levels associated with pregnancy also may cause this condition. In hospitalized 
patients, respiratory alkalosis is the presenting manifestation of gram-negative sepsis. 


PreviousNext 


Classification and Evaluation 


Primary respiratory alkalosis must be differentiated from secondary respiratory alkalosis, which 
is a compensatory mechanism in the setting of primary metabolic acidosis (see Table 9). 


Acute respiratory alkalosis is characterized by an acute decrease in the arterial PCO2, which 
results in a bicarbonate-chloride shift in the erythrocytes and a decrease in the serum bicarbonate 
concentration by 2 meq/L (2 mmol/L) for every 10 mm Hg decrease in the arterial PCOp. 


Chronic respiratory alkalosis is characterized by a 2- to 3-day process during which a transient 
bicarbonate diuresis occurs. At steady state, the serum bicarbonate concentration decreases by 4 
to 5 meq/L (4 to 5 mmol/L) for each 10 mm Hg decrease in the arterial PCO>. 


In order to maintain a normal extracellular fluid volume in the setting of increased urinary loss of 
sodium bicarbonate, the kidney retains sodium chloride. Patients with chronic respiratory 
alkalosis therefore typically have hyperchloremia. These patients also have a 3- to 5-meq/L (3- to 
5-mmol/L) increase in the serum anion gap because of the greater fixed negative charge on 
serum albumin as well as an increased serum lactate concentration; this increase in lactate 
production is caused by the stimulatory effect of high serum pH on phosphofructokinase, which 
regulates the rate of glycolysis. 
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Clinical Manifestations 


Both primary and secondary respiratory alkalosis often initially manifest as tachypnea. Acute 
hypocapnia decreases cerebral blood flow and causes binding of free calcium to albumin in the 
blood. Mild respiratory alkalosis may cause lightheadedness and palpitations. More profound 
respiratory alkalosis may cause symptoms that resemble those of hypocalcemia, including 
paresthesias of the extremities and circumoral area and carpopedal spasm. Patients with ischemic 
heart disease may occasionally develop cardiac arrhythmias, ischemic electrocardiographic 
changes, and angina pectoris. 
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Management 


Primary respiratory alkalosis is treated by correcting the underlying cause. Reassurance is 
indicated for patients with respiratory alkalosis associated with the hyperventilation syndrome. In 
addition, rebreathing into a paper bag or other closed system causes the arterial PCO; to increase, 
resulting in partial correction of hypocapnia and symptomatic improvement. 


Respiratory alkalosis frequently develops as a complication of the hypoxia that occurs at high 
altitudes. Administration of oxygen or a return to lower altitudes can reverse the respiratory 
alkalosis that develops in this setting. 
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Respiratory Acidosis 


Primary respiratory acidosis is characterized by the presence of acidemia and hypercapnia. The 
development of respiratory acidosis is usually multifactorial. Major causes of carbon dioxide 
retention include disease or a disorder of a component of the respiratory system, including the 
central and peripheral nervous systems, respiratory muscles, thoracic cage, pleural space, 
airways, and lung parenchyma. 
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Diagnosis 


Acute respiratory acidosis is associated with an increase in the plasma bicarbonate concentration 
by 1 meq/L (1 mmol/L) for every 10 mm Hg elevation in the arterial PCO2. After 24 to 48 hours, 
proximal tubular cells increase hydrogen secretion, which results in accelerated bicarbonate 
reabsorption and increased kidney excretion of sodium chloride. Chronic respiratory acidosis is 


characterized by a 3.5 meq/L (3.5 mmol/L) increase in bicarbonate for each 10 mm Hg elevation 
in the arterial PCO. Serum bicarbonate concentrations higher or lower than these values suggest 
the presence of a mixed respiratory and metabolic acid-base disorder. 


Primary respiratory acidosis develops as a result of ineffective alveolar ventilation and is 
suggested by a PCO, higher than 45 mm Hg. However, a PCO; less than this value may indicate 
respiratory acidosis in a patient with primary metabolic acidosis that is not adequately 
compensated by alveolar ventilation. This condition must be differentiated from primary 
respiratory acidosis. The differential diagnosis of acute and chronic respiratory acidosis includes 
various conditions of the respiratory system (Table 16). 


Table 16. Differential Diagnosis of Respiratory Acidosis 


Inhibition of the medullary respiratory center 

Disorders of the chest wall and the respiratory muscles 

Airway obstruction 

Disorders affecting gas exchange across the pulmonary capillaries 
Increased carbon dioxide production 

Mechanical ventilation 
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Clinical Manifestations 


Carbon dioxide diffuses and equilibrates across the blood-brain barrier much more rapidly than 
bicarbonate, which results in a more rapid decrease in cerebrospinal fluid and cerebral interstitial 
pH. Therefore, acute respiratory acidosis is typically significantly more symptomatic than acute 
metabolic acidosis. 


Respiratory acidosis may manifest as hypercapnic encephalopathy, a clinical syndrome with 
initial symptoms that include irritability, headache, mental cloudiness, apathy, confusion, 
anxiety, and restlessness that can progress to asterixis, transient psychosis, delirium, somnolence, 
and coma. Severe hypercapnia may cause decreased myocardial contractility, arrhythmias, and 
peripheral vasodilatation, particularly when the serum pH decreases below 7.1. 
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Treatment 


Patients with acute respiratory acidosis are primarily at risk for hypoxemia rather than 
hypercapnia or acidemia. Therefore, initial therapy should focus on establishing and securing a 
patent airway in order to provide adequate oxygenation. 


Excessive oxygen may worsen hypoventilation in patients with chronic respiratory acidosis and 
should be avoided in this population. When mechanical ventilation is required, the arterial PCO 
should be decreased slowly and with caution to minimize the risk of inducing posthypercapnic 
metabolic alkalosis due to the high serum bicarbonate concentration. In order to normalize the 
acid-base status, the kidneys must excrete this bicarbonate. However, this excretion will not 
occur when the EABV is reduced either because of sodium depletion secondary to restricted salt 
intake or diuretic therapy or because of a sodium-retentive state, such as heart failure or 
cirrhosis. Correction of the superimposed metabolic alkalosis can usually be achieved with saline 
and discontinuation of loop diuretics if these agents are being used. However, patients with 
edema and with heart failure may require acetazolamide to correct the alkalosis. 
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Hypertension in Special Populations 


Key Points 


Blood pressure measurements higher than 120/80 mm Hg place patients at increased risk 
for cardiovascular disease. 

In adults, classification of hypertension is based on an average of two or more blood 
pressure readings obtained more than 1 minute apart at two or more visits. 

A daytime awake average blood pressure measurement of 130 to 135/85 mm Hg is 
considered the normal threshold for ambulatory blood pressure monitoring and 
corresponds to an office reading of approximately 140/90 mm Hg. 

Ambulatory blood pressure measurement can help to guide pharmacologic therapy for 
hypertension and helps to prevent overtreatment of hypertension. 

All patients with hypertension should be evaluated for target organ damage, familial 
disorders, and lifestyle factors that may exacerbate hypertension. 

Guidelines from the Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation and Treatment of High Blood Pressure define normal blood 
pressure as less than 120/80 mm Hg and hypertension as 140/90 mm Hg or higher. 
Lifestyle modifications and drug treatment are indicated for all patients with stage 1 or 
greater hypertension. 

The goal of antihypertensive treatment is to reduce blood pressure to below 140/90 mm 
Hg in the general population. 

If single-agent antihypertensive therapy is ineffective after 1 to 3 months of treatment, 
switching to or adding a drug with a complementary mechanism of action is indicated. 
Initial treatment with two antihypertensive agents may particularly be warranted for 
patients whose blood pressure is more than 20 mm Hg above the blood pressure goal, and 
those with stage 2 or higher hypertension often require treatment with more than one 
agent. 

Secondary hypertension should be considered in patients with hypertension who have 
atypical clinical features and are resistant to antihypertensive therapy. 

An elevated plasma aldosterone-plasma renin ratio accompanied by unsuppressed 
aldosterone excretion after correction of hypokalemia and adherence to a high-sodium 
diet for 3 days is diagnostic of primary aldosteronism. 

In patients with primary aldosteronism who cannot be treated surgically, aldosterone 
inhibition with spironolactone or eplerenone may be used. 

Catheter-based angiography is the most accurate method of diagnosing renovascular 
hypertension caused by fibromuscular disease. 

Medical therapy for patients with atherosclerotic renovascular disease should include 
aggressive control of cardiovascular risk factors and treatment with a renin-angiotensin 
system inhibitor. 

Diagnosis of pheochromocytoma requires confirmation of excess catecholamine 
production supported by positive findings on MRI or CT scanning. 

Surgical resection is the treatment of choice for pheochromocytoma and can resolve 
associated hypertension. 

White coat hypertension is characterized by at least three separate office blood pressure 
measurements above 140/90 mm Hg with at least two sets of measurements below 
140/90 mm Hg obtained in non-office settings, accompanied by the absence of target 
organ damage. 

Ambulatory blood pressure measurement is considered the gold standard for diagnosing 
white coat hypertension. 


e Masked hypertension is characterized by a normal office blood pressure measurement 
and high ambulatory blood pressure measurement. 

e Resistant hypertension is defined as blood pressure that remains above goal despite 
treatment with the optimal dosages of three antihypertensive agents of different classes, 
including a diuretic. 

e Ambulatory blood pressure monitoring can differentiate true resistant hypertension from 
a white coat effect that misleadingly suggests resistance to therapy. 

e Secondary hypertension should be excluded in patients with suspected resistant 
hypertension. 

e Management of resistant hypertension should include appropriate lifestyle modifications; 
discontinuation of medications that may increase blood pressure; correction of secondary 
causes of hypertension; and, when appropriate, diuretic therapy. 

e All hypertension guidelines emphasize the importance of aggressively decreasing blood 
pressure to below 130/80 mm Hg in patients with diabetes. 

e Generally, renin-angiotensin system inhibitors have been associated with a lower 
incidence of diabetes compared with diuretics and B-blockers. 

e An elevated systolic blood pressure is the most useful outcome predictor of 
cardiovascular morbidity and mortality in patients older than 50 years of age. 

e Elderly patients are more likely to have wide variances in blood pressure compared with 
younger individuals and may develop orthostatic hypotension if medications are titrated 
to higher doses too rapidly. 
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Epidemiology 


Hypertension affects one in four adults worldwide, and poorly controlled hypertension is the 
leading cause of death globally. Hypertension is more prevalent in non-Hispanic black persons 
and older persons than in the general population. Approximately 67% of patients older than 60 
years of age and more than 75% of patients older than 80 years of age have hypertension. 
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Associated Complications 


Blood pressure measurements higher than 120/80 mm Hg place patients at increased risk for 
cardiovascular disease. Although hypertension is more strongly associated with risk for stroke 
than risk for coronary heart disease, the risks for both stroke and coronary heart disease begin to 
increase at a systolic pressure of approximately 115 mm Hg and double for every 20/10 mm Hg 
increase in blood pressure. 


Additional conditions associated with hypertension include heart failure, progressive 
atherosclerosis, kidney failure, and dementia. Furthermore, risk factors for cardiovascular disease 


other than hypertension, diabetes mellitus, and obesity often coexist with hypertension and 
compound the risk for cardiovascular disease. 


Pulse pressure, defined as the difference between the systolic and diastolic blood pressure, may 
help to determine a patient’s risk for cardiovascular disease. A high pulse pressure indicates the 
presence of stiffer, less-compliant arteries. Elderly persons with a higher pulse pressure are 
considered to be at particularly high risk for cardiovascular disease. However, whether increased 
pulse pressure is an independent risk factor for cardiovascular events remains uncertain. 
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Evaluation 


e Blood Pressure Measurement 
e Physical Examination and Laboratory Studies 
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Blood Pressure Measurement 


e Office Measurement 
e Ambulatory Blood Pressure Monitoring 
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Office Measurement 


Blood pressure is most often measured during a visit to the office using a mercury 
sphygmomanometer, an aneroid sphygmomanometer, or the oscillometric technique. Mercury 
sphygmomanometers provide the most accurate measurement but are being eliminated in the 
United States and are currently the least commonly used method of blood pressure measurement. 
Aneroid and oscillometric devices are accurate but must be maintained and calibrated. 


Experts recommend that multiple blood pressure measurements be obtained. In adults, 


classification of hypertension is based on an average of two or more readings obtained more than 
1 minute apart at two or more visits. 
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Ambulatory Blood Pressure Monitoring 


Ambulatory blood pressure monitoring provides multiple blood pressure readings over a 
prolonged period of time. This method evaluates mean 24-hour blood pressure; mean daytime 
blood pressure; mean nighttime blood pressure; the average difference between waking and 
sleeping blood pressure to evaluate for nocturnal dipping (which may be defined as a decrease in 
mean arterial blood pressure of >10% during sleep); and blood pressure variability. 
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Prediction of Cardiovascular Risk 


Ambulatory blood pressure monitoring is a better predictor of cardiovascular events than office 
measurement. Experts are uncertain as to whether the 24-hour mean blood pressure or the mean 
daytime blood pressure is the best predictor of these events, but the mean 24-hour blood pressure 
is the most widely used. Failure of the blood pressure to decrease by at least 10% during sleep, 
known as nondipping, as well as an excessive morning surge in blood pressure have been 
associated with increased cardiovascular risk, particularly for stroke. 


Diagnostic thresholds for ambulatory blood pressure monitoring based on outcomes data for 
cardiovascular risk suggest that a daytime awake average blood pressure measurement of 130 to 
135/85 mm Hg is considered the normal threshold and corresponds to an office reading of 
approximately 140/90 mm Hg (Table 17). 


Table 17. Diagnostic Thresholds for Ambulatory Blood 
Pressure Monitoring Based on 10-Year Cardiovascular 
Risk* 


Category Office Mean 24-Hour Mean Daytime Mean Nighttime 
Measurement Measurement (mm Measurement (mm Measurement (mm 
(mm Hg) Hg) Hg) Hg) 
Optimal 120/80 115/75 120/80 100/65 
Normal 130/85 125/75 130/85 110/70 
Hypertension 140/90 130/80 140/85 120/70 


“These thresholds were derived from 24-hour ambulatory blood pressure monitoring performed 
in 5682 participants enrolled in prospective population studies in Europe and Japan. In 
multivariate analyses, ambulatory blood pressure thresholds yielded 10-year cardiovascular risks 
similar to those associated with optimal, normal, and high blood office measurements. 


Modified with permission from Kikuya M, Hansen TW, Thijs L, et al; International Database on 
Ambulatory blood pressure monitoring in relation to Cardiovascular Outcomes Investigators. 
Circulation. 2007;115(16):2145-2152. [PMID: 17420350] Copyright 2007, American Heart 
Association, Inc. 
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Other Uses 


Because ambulatory blood pressure monitoring demonstrates the efficacy of blood pressure 
control over a 24-hour period, this method of monitoring can help to guide pharmacologic 
therapy for hypertension. This method of monitoring also helps to prevent overtreatment of 
hypertension, particularly in elderly patients who are prone to symptomatic episodes of low 
blood pressure. Ambulatory blood pressure monitoring can be beneficial, but its use is limited by 
cost, the patient’s willingness to undergo this monitoring, and the availability of adequate 
equipment in routine office settings. 


Blood pressure variability and the ambulatory arterial stiffness index have been shown to be 
independent correlates of cardiovascular morbidity and mortality. The ambulatory arterial 
stiffness index can be obtained by plotting the systolic blood pressures against the diastolic blood 
pressures obtained via ambulatory blood pressure monitoring over a 24-hour period, calculating 
the regression slope, and subtracting 1 from this calculated figure. 


Small studies have shown that home blood pressure monitoring compares favorably with 
ambulatory blood pressure monitoring regarding prediction of adverse cardiovascular events. If 
ambulatory blood pressure measurement is not available or is prohibitively expensive, home 
blood pressure monitoring may be considered a reasonable substitute. 
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Physical Examination and Laboratory Studies 


A careful history should be obtained in patients with hypertension to evaluate for secondary 
hypertension. In addition, all patients with hypertension should be evaluated for target organ 
damage such as heart disease, cerebrovascular disease, kidney disease, and peripheral vascular 
disease; familial disorders; and lifestyle factors that may exacerbate hypertension. 


Physical examination of a patient with hypertension should include measurement of vital signs, 
BMI, cardiopulmonary examination, auscultation of the major blood vessels to identify bruits, 
funduscopic examination, abdominal examination, neurologic examination, and evaluation of the 
extremities for edema and circulatory abnormalities. 


A complete blood count, lipid and biochemical profiles, urinalysis, and electrocardiography can 
help to suggest the presence of secondary hypertension and provide evidence of target organ 
damage. The European Hypertension Society guidelines also recommend evaluation for 
microalbuminuria, but guidelines from the Seventh Report of the Joint National Committee on 


Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7) advocate that 
this testing remain optional. 


Echocardiography helps to monitor patients with manifestations of hypertensive heart disease, 


such as left ventricular hypertrophy, diastolic dysfunction, and heart failure, but is not 
recommended for all patients with hypertension. 
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Classification 


JNC 7 guidelines define normal blood pressure as less than 120/80 mm Hg and hypertension as 
140/90 mm Hg or higher (Table 18). 


Table 18. Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation and Treatment of High 


Blood Pressure Classification of Blood Pressure for Adults 
18 Years and Older 


Category Systolic (mm Hg) Diastolic (mm Hg) 


Normal" <120 and <80 

Prehypertension” 120-139 or 80-89 
Stage 1 hypertension 140-159 or 90-99 
Stage 2 hypertension >160 or 2100 


“This blood pressure measurement is defined as “optimal” by all other hypertension societies, 
such as the British Hypertension Society, European Society of Hypertension/European Society of 
Cardiology, and the World Health Organization/International Society of Hypertension. 


Guidelines from other hypertension societies classify a systolic or diastolic blood pressure 
within this range as high normal. 


Modified with permission from the U.S. Department of Health and Human Services. Seventh 
Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC 7). www.nhlbi.nih.gov/guidelines/hypertension/phycard.pdf. 
Published May, 2003. Accessed July 10, 2009. 
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Prehypertension 


According to JNC 7 guidelines, prehypertension is defined as a systolic blood pressure of 120 to 
139 mm Hg or a diastolic blood pressure of 80 to 89 mm Hg. Lifestyle modifications and 
pharmacologic therapy have been evaluated as a means of preventing hypertension in patients 
who meet these criteria. 


The Trials of Hypertension Prevention (TOHP) study demonstrated small blood pressure 
reductions and a decrease in the incidence of overt hypertension with lifestyle modifications in 
patients with prehypertension. The Trial of Preventing Hypertension study evaluated the effects 
of a 2-year period of drug treatment followed by placebo in 809 patients with prehypertension. 
Findings of this study showed a small reduction in the incidence of hypertension after 4 years in 
the treatment group, but use of pharmacologic therapy in patients with prehypertension remains 
controversial. 
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Essential Hypertension 


e Pathogenesis 
e Management 


PreviousNext 


Pathogenesis 


More than 90% of patients with hypertension who are evaluated in the primary care setting have 
essential, or primary, hypertension. Essential hypertension is a heterogeneous, polygenic disorder 
resulting from dysregulation of hormones, proteins, and neurogenic factors involved in blood 
pressure regulation as well as factors such as diet and activity level. 


Impaired kidney sodium excretion has a central role in the pathogenesis of hypertension. 
Approximately 30% to 60% of blood pressure variability is inherited, but common genes that 
significantly affect blood pressure have not yet been identified. Polymorphisms in alleles at 
many different loci interact with behavioral and environmental factors to contribute to the final 
disease trait. Rare monogenic forms of hypertension also have been identified (Table 19). 


Nearly all genes identified in the pathogenesis of hypertension cause alterations in kidney 
sodium handling, which confirms the importance of kidney sodium excretion in the development 
of this condition. Studies also have identified potential mechanisms in essential hypertension, 
such as alterations in with-no-lysine (WNK) kinases, aldosterone synthase, and the epithelial 
sodium channel. 


Table 19. Monogenic Forms of Hypertension 


Disorder 
Liddle syndrome 


Glucocorticoid-remediable 


aldosteronism 


Apparent 


mineralocorticoid excess 


Type 2 


pseudohypoaldosteronism 


(Gordon syndrome) 


Mineralocorticoid receptor 


activation 


Mutations in peroxisome- 


activated receptor-y 


Hypertension and 
brachydactyly 


Pathogenesis 


Autosomal dominant; 
gain of function of 
epithelial sodium 
channel 


Autosomal dominant; 
regulation of 
aldosterone secretion 
by ACTH 


Autosomal recessive; 
activation of 
mineralocorticoid 
receptor by cortisol 


Autosomal dominant; 
mutations in WNK 
kinases 1 and 4 


Mutation in 
mineralocorticoid 
receptor 


Autosomal dominant; 
loss of function 
mutation in 
peroxisome 
proliferator—activated 
receptor-y 


Clinical Features 


Elevated blood pressure, 
hypokalemic metabolic 
alkalosis, low renin and 
aldosterone levels, excess 
sodium retention 


Elevated blood pressure, 
hypokalemic metabolic 
alkalosis, low renin 
levels, moderately high 
aldosterone levels 


Elevated blood pressure, 
younger age at 
presentation, 
hypokalemic metabolic 
alkalosis, low renin and 
aldosterone levels 


Elevated blood pressure, 
hyperkalemia, 
hyperchloremic 
metabolic acidosis, low 
renin and aldosterone 
levels 


Elevated blood pressure, 
younger age, low renin 
and aldosterone levels, 
mineralocorticoid 
receptor activation by 
steroids such as 
progesterone, 
exacerbation in 
pregnancy 

Insulin resistance, 
hypertension 


Treatment 


Amiloride, thiazide 
diuretics, 
spironolactone 


Aldosterone 
blockade, 
corticosteroids 


Thiazide diuretics, 
aldosterone 
blockade 


Thiazide diuretics 


Thiazide diuretics 


Lifestyle 
modification, 
antihypertensive 
agents, insulin- 
sensitizing agents 


Autosomal dominant Short stature, mechanism Antihypertensive 


of hypertension unknown 


agents 


ACTH = adrenocorticotropic hormone; WNK kinase = with-no-lysine kinase. 
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Management 


The goal of treatment of hypertension is to reduce cardiovascular morbidity and mortality by 
lowering blood pressure. Lowering blood pressure has definitively been shown to reduce stroke, 
myocardial infarction, heart failure, and overall cardiovascular mortality. The relative risk 
reduction associated with lowering blood pressure is similar across all categories of baseline risk, 
but the reduction in absolute risk is greater and the number needed to treat smaller in those with a 
higher baseline absolute risk, such as older patients with higher blood pressure and multiple 
cardiovascular risk factors. 


JNC 7 guidelines recommend lifestyle modifications and drug treatment for all patients with 
stage | or greater hypertension, regardless of absolute risk. Lifestyle modifications help to lower 
blood pressure and modify additional cardiovascular risk factors, such as obesity, diabetes, and 
dyslipidemia (Table 20). The PREMIER trial showed that lifestyle modifications such as 
maintaining weight loss and participating in a regular exercise program for 18 months were 
associated with sustained blood pressure control and a reduced risk for chronic cardiovascular 
disease. 


Evidence obtained from clinical trials suggests that the goal of antihypertensive treatment is to 
reduce blood pressure to below 140/90 mm Hg in the general population. The American Heart 
Association recommends a blood pressure target of 130/80 mm Hg for those with coronary artery 
disease, carotid artery disease, peripheral artery disease, abdominal aortic aneurysm, and a 
Framingham 10-year risk score of 10% or greater. However, data clearly demonstrate a linear, 
progressive increased risk of ischemic heart disease and stroke in patients with blood pressures 
higher than 115/75 mm Hg, which suggests that these targets may be too high. Clinical trials 
addressing lower blood pressure targets are currently being planned. 


Table 20. Lifestyle Modifications Recommended for All 
Persons with Hypertension 


Modification Approximate Systolic Blood Pressure 
Reduction 
Reduce weight 5-20 mm Hg/10 kg (22 Ib) weight loss 
Follow DASH diet* 8-14 mm Hg after 8 weeks 


Participate in aerobic physical activity for 30 to 34 4-9 mm Hg 
minutes most days 


Reduce sodium intake to <100 mmol/24 h” 2-8 mm Hg 
Limit daily alcohol consumption to two drinks for men 2-4 mm Hg 


and one drink for women 


Smoking cessation No effect but recommended for 
cardiovascular protection 


DASH = Dietary Approaches to Stop Hypertension. 


“The DASH diet is rich in fruits, vegetables, and low-fat dairy products with a reduced content of 
saturated and total fat. 


This amount is equivalent to 2.4 g of sodium or 6 g of sodium chloride. 


Modified with permission from the U.S. Department of Health and Human Services. The 
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and 
Treatment of High Blood Pressure. www.nhlbi.nih.gov/guidelines/hypertension/express.pdf. 
December, 2003. Accessed July 10, 2009. 
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Choosing an Antihypertensive Agent 


Most antihypertensive agents reduce blood pressure by 15% to 20%, and all classes of 
antihypertensive drugs effectively reduce cardiovascular morbidity and mortality compared with 
placebo. Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers 
(ARBs) are indicated in patients with heart failure and proteinuric kidney disease. Diuretics are 
indicated in patients with salt-sensitive hypertension and may be particularly effective in the 
elderly and those with reduced GFR. B-Blockers should be used for those with coronary artery 
disease or migraine headaches. Clinical trials have shown that achieving appropriate blood 
pressure targets is more important in reducing morbidity and mortality than the choice of 
antihypertensive therapy. Achieving blood pressure targets is particularly critical in patients with 
evidence of target organ damage and those who are at greater risk for target organ damage, such 
as black patients. 


Choosing an antihypertensive agent with minimum adverse effects is important. Patient 
characteristics, including comorbid conditions, age, race, and history of efficacy and adverse 
reactions to previously used drugs, also should help to determine the most appropriate therapy 
(Table 21). For example, the treatment regimen for patients with hypertension who have a 
history of diabetic nephropathy or other proteinuric kidney diseases should include an ACE 
inhibitor or ARB. 


Calcium channel blockers and diuretics are more effective in lowering blood pressure in patients 
who are likely to be sodium sensitive, such as older patients, black patients, and those with lower 
pretreatment plasma renin activity. Conversely, ACE inhibitors or B-blockers may be more 


effective in younger patients, white patients, and those with higher pretreatment plasma renin 
activity. 


Some evidence suggests that B-blockers do not perform as well as comparator drugs, particularly 
in preventing stroke, and are no longer universally recommended as first-line agents in the 
absence of a compelling indication. However, JNC 7, the European Society of Hypertension, and 
the World Health Organization/International Society of Hypertension guidelines continue to 
recommend these agents for patients with a history of myocardial infarction and heart failure. 


Finally, a reevaluation of findings from the Antihypertensive and Lipid-Lowering Treatment to 
Prevent Heart Attack Trial (ALLHAT) has shown that thiazide diuretics are superior to a- 
blockers, ACE inhibitors, and calcium channel blockers as initial therapy for reducing 
cardiovascular and kidney risk in patients with hypertension. Thiazide diuretics also were shown 
to be superior in preventing heart failure, and new-onset diabetes associated with use of these 
agents was not found to increase cardiovascular disease outcomes. 


Table 21. Compelling Indications, Contraindications, and 
Side Effects for Antihypertensive Drugs 


Class of | Compelling Indications Contraindications Side Effects 
Drug 

Thiazide Heart failure, advanced Gout Hypokalemia, hyperuricemia, 

diuretics age, volume-dependent glucose intolerance, 
hypertension, low-renin hypercalcemia, impotence 
hypertension, systolic 
hypertension 

Aldosterone Primary aldosteronism, Reduced GFR, Hyperkalemia, increased 

antagonists resistant hypertension, hyperkalemia creatinine level, painful 
sleep apnea gynecomastia, menstrual 

irregularities, gastrointestinal 
distress 

ACE Heart failure, left Pregnancy, Cough, angioedema, 

inhibitors ventricular dysfunction, hyperkalemia hyperkalemia, potential 
proteinuria, diabetic increased creatinine level in 
nephropathy, chronic patients with bilateral renal 
kidney disease, post— artery stenosis, rash, loss of 
myocardial infarction taste, leukopenia (captopril) 

Angiotensin Same as ACE inhibitors; Pregnancy, Angioedema (rare), 

receptor useful when ACE hyperkalemia hyperkalemia, potential 

blockers inhibitors are not increased creatinine level in 
tolerated patients with bilateral renal 


artery stenosis 


Calcium Systolic hypertension, Heart block (for Headache, flushing, gingival 
channel cyclosporine-induced nondihydropyridine hyperplasia, edema, 


blockers hypertension, angina, calcium channel constipation 
coronary heart disease blockers verapamil and 


diltiazem) 

B-Blockers Angina, heart failure, Asthma and COPD, Bronchospasm, bradycardia, 
post—myocardial heart block heart failure, impaired 
infarction, migraine, peripheral circulation, 
tachyarrhythmias insomnia, fatigue, decreased 

exercise tolerance, 
hypertriglyceridemia 

a-Blockers Prostatic hyperplasia Orthostatic hypotension Headache, drowsiness, fatigue, 
weakness, postural 
hypotension 


ACE = angiotensin-converting enzyme; COPD = chronic obstructive pulmonary disease; GFR = 
glomerular filtration rate. 
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Combination Therapy 


Patients with hypertension should be evaluated approximately every month until blood pressure 
targets are achieved. Monotherapy is effective in approximately 40% of unselected patients with 
hypertension. However, if single-agent therapy is ineffective after 1 to 3 months of treatment, 
switching to or adding a drug with a complementary mechanism of action is indicated; for 
example, a diuretic or calcium channel blocker can be added to an ACE inhibitor or an ARB. 


Monotherapy is unlikely to be effective in patients whose blood pressure is more than 20 mm Hg 
above the blood pressure goal, and initial treatment with two antihypertensive agents may 
particularly be warranted in this setting. Patients with stage 2 or higher hypertension also often 
require treatment with more than one agent. 
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Novel Antihypertensive Agents 


Aliskiren is a direct renin inhibitor that reversibly binds to the catalytic site of the enzyme and 
prevents cleavage of angiotensinogen. This agent lowers blood pressure moderately and is 
expected to be effective in patients in whom ACE inhibitors and ARBs also would be effective. 
Specific clinical advantages of renin inhibition compared with ACE inhibitors or ARBs have not 
been demonstrated. 


Nebivolol is a third-generation ßı-blocker that is believed to stimulate production of nitric oxide. 
This agent may have a more favorable metabolic profile compared with other B-blockers, but 
whether this additional property is associated with clinically relevant benefits remains uncertain. 
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Secondary Hypertension 


Approximately 10% of cases of hypertension occur secondary to an underlying kidney or 
endocrine condition or exogenous substances such as oral contraceptives, NSAIDs, calcineurin 
inhibitors, sympathomimetic agents, and epoetin alfa. Secondary hypertension should be 
considered in patients with hypertension who have atypical clinical features and are resistant to 
antihypertensive therapy. 


In patients with secondary hypertension, identifying specific abnormalities that cause elevated 
blood pressure can help to resolve this condition or determine more specific therapy. The most 
common causes of renovascular hypertension include kidney disease, primary aldosteronism, 
renovascular disease, and pheochromocytoma. 
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Kidney Disease 


Hypertension is more common in patients with kidney disease than in the general population, 
and experts recommend lower blood pressure targets for patients with kidney disease. Target 
blood pressure measurements of less than 130/80 mm Hg are recommended for those with 
minimal proteinuria (defined as a 24-hour urine protein level below 1 g/24 h) and less than 
125/75 mm Hg for those with significant proteinuria (defined as a 24-hour urine protein level 
above 1 g/24 h). 
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Primary Aldosteronism 


e Pathophysiology and Epidemiology 
e Diagnosis 
e Management 
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Pathophysiology and Epidemiology 


Primary aldosteronism consists of a heterogeneous group of disorders characterized by 
mineralocorticoid hypertension (hypertension in the setting of hypokalemic metabolic alkalosis 
and suppressed plasma renin activity) accompanied by anatomic abnormalities of the adrenal 
glands. Primary aldosteronism affects approximately 5% to 15% of patients with hypertension 
and may be the most common curable endocrine form of hypertension. 
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Diagnosis 


Spontaneous hypokalemia is strongly suggestive of primary aldosteronism, but many patients 
with this condition have normal serum potassium levels. The plasma aldosterone-plasma renin 
ratio (ARR) is a screening test for primary aldosteronism that is useful even in patients who are 
taking antihypertensive agents except for aldosterone blockers. However, experts recommend 
that this study be performed after correction of hypokalemia and hypovolemia. 


Patients with very low serum renin levels regardless of the aldosterone level almost always have 
an elevated ARR; therefore, in these patients, the ARR is helpful only if the serum aldosterone 
level is above 15 ng/dL (414 pmol/L). The normal range of the ARR varies among institutions 
because renin and aldosterone assays may differ, but an ARR above 25 is generally considered 
abnormal. 


An elevated ARR alone is not diagnostic of primary aldosteronism unless nonsuppressible or 
autonomous aldosterone excess is demonstrated by the presence of a urine aldosterone excretion 
of 12 ug/24 h (33.2 nmol/d) or higher obtained after correction of hypokalemia and adherence to 
a high-sodium diet for 3 days. In some patients, administering an intravenous saline infusion also 
may demonstrate nonsuppressible serum aldosterone levels. 


Once nonsuppressible or autonomous aldosterone production is demonstrated, adrenal imaging is 
indicated to reveal the adrenal anatomy and identify patients with unilateral disease such as an 
aldosterone-producing adenoma (Conn syndrome) or primary unilateral adrenal hyperplasia. 
High-resolution CT with thin cuts of the upper abdomen is the preferred imaging technique in 
these patients but may not accurately distinguish between a unilateral aldosterone-producing 
adenoma and bilateral idiopathic hyperaldosteronism. MRI may be more sensitive but is less 
specific for these conditions and should be reserved for patients with contraindications to CT 
scanning. 


After biochemical confirmation of hyperaldosteronism, localization procedures differentiate 
aldosterone-producing adenomas or unilateral hyperplasia from bilateral hyperplasia. Adrenal 
vein sampling is considered the gold standard for demonstrating lateralization of aldosterone 
secretion and is recommended for patients who are candidates for adrenalectomy. However, 
adrenal vein sampling is technically difficult and may not be helpful if both adrenal veins are not 


successfully cannulated.'*! I-Iodocholesterol scintigraphy is an alternative method of 
demonstrating lateralization of hyperfunctioning adrenal tissue but is not widely used because of 
low sensitivity and lack of availability of the radiotracer. 
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Management 


Unilateral aldosterone-producing adenoma; unilateral adrenal hyperplasia; and, rarely, 
aldosterone-producing carcinoma can be resolved with surgery. Laparoscopic adrenalectomy 
without previous adrenal vein sampling may be warranted in patients less than 40 years of age if 
nonsuppressible hyperaldosteronism is documented and if CT scanning demonstrates unilateral 
adrenal abnormalities and a normal contralateral gland. 


Adrenalectomy improves blood pressure control in most patients and is associated with an 
average long-term cure rate between 30% and 72%. In patients with primary aldosteronism, 
surgical cure is associated with younger age and shorter duration of hypertension; these findings 
demonstrate the importance of early identification of this condition. Hypertension that persists 
after adrenalectomy is most likely caused by coexisting essential hypertension and correlates 
with older age, a longer duration of hypertension, an increased serum creatinine level, and a 
strong family history of hypertension. 


Bilateral adrenal adenomas or hyperplasia cannot be resolved with surgery. Glucocorticoid- 
remediable aldosteronism, a rare form of nonprimary aldosteronism that can cause hypertension, 
also is not able to be cured surgically. This autosomal dominant familial disorder is characterized 
by excess aldosterone production that can be suppressed by exogenous corticosteroids. 


If surgery is not indicated, aldosterone inhibition with spironolactone or eplerenone may be used 
to treat primary aldosteronism. Eplerenone is believed to have fewer adverse antiandrogenic 
effects than spironolactone, but trials comparing the efficacy of these agents have not been 
reported. Additional therapy with long-acting calcium channel blockers, ACE inhibitors, ARBs, 
or thiazide diuretics may be necessary to achieve optimal blood pressure control. 
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Renovascular Hypertension 


e Pathophysiology, Epidemiology, and Risk Factors 
e Management 
e Renovascular Hypertension and Chronic Kidney Disease 
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Pathophysiology, Epidemiology, and Risk Factors 


Renovascular hypertension is defined as hypertension caused by narrowing of one or more of the 
renal arteries. Underperfusion and ischemia of the kidneys leads to stimulation of the renin- 
angiotensin system. Sodium retention and increased volume may contribute to hypertension in 
patients with bilateral disease and/or renal parenchymal disease. However, not all patients with 
renal artery stenosis have renovascular hypertension. 


Renovascular hypertension due to fibromuscular dysplasia, a nonatherosclerotic, 
noninflammatory renovascular disease, is most commonly caused by medial fibroplasia of the 
renal artery (Figure 10). Fibromuscular dysplasia is a disease of unknown cause and most 
commonly involves the renal and carotid arteries. 


Hypertension caused by fibromuscular disease is more common in women and usually affects 
patients between 15 and 30 years of age. Catheter-based angiography is the most accurate 
method of diagnosis of this condition. This study is indicated for patients whose clinical 
presentation raises strong suspicion for fibromuscular disease-related hypertension, such as 
those with severe resistant hypertension and high plasma renin activity. Furthermore, 
revascularization with angioplasty may be performed at the same time as diagnostic 
angiography. 


Renal artery stenosis is associated with advancing age, cigarette smoking, dyslipidemia, and 
diabetes mellitus. This condition is detected in 14% to 30% of patients who undergo coronary 
angiography. The clinical significance of incidentally detected renal artery stenosis depends on 
whether the patient’s clinical and laboratory features are consistent with renovascular 
hypertension. In the absence of a clear indication for imaging the renal vasculature, such as 
resistant hypertension and a rising serum creatinine level, additional imaging of the renal arteries 
is not recommended during routine coronary angiography procedures. 


Atherosclerotic renovascular disease is usually associated with widespread atherosclerosis, 
peripheral vascular disease, cardiovascular disease, and ischemic target organ damage. Because 
individuals with atherosclerotic renal artery stenosis are usually older and older patients have a 
high prevalence of essential hypertension, determining the degree to which reduced renal 
perfusion distal to a stenotic lesion contributes to either elevated blood pressure or CKD is 
difficult. In addition, most imaging studies cannot demonstrate a functional relationship between 
the anatomic kidney lesion and a patient’s blood pressure or level of kidney function. 
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Figure 10. Angiogram of the renal artery in a patient with 
fibromuscular dysplasia. 


On imaging studies, the lesion associated with this condition resembles a string of beads. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009, American College of Physicians. 
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Management 


Renal revascularization only improves hypertension in patients with an anatomic lesion that is 
hemodynamically significant and sufficiently severe to activate the renin-angiotensin system. 
Revascularization of anatomic lesions without functional significance usually does not improve 
blood pressure and may be associated with significant morbidity due to complications of 
angioplasty or surgery. 


At present, no clinical trials or guidelines adequately address optimal therapy for obstructive 
renal artery lesions in patients with atherosclerotic disease. Angioplasty rarely cures 
hypertension in these patients and only improves blood pressure in 30% to 50% of affected 
patients. Evaluation of renal artery stenosis in patients with suspected atherosclerotic 
renovascular hypertension should only be considered in patients with accelerated, resistant 
hypertension and possibly in those with evidence of atherosclerosis whose serum creatinine 
levels acutely increase after treatment with renin-angiotensin system blockers. 


In appropriate candidates with fibromuscular disease—associated hypertension, percutaneous 
angioplasty is associated with less morbidity than surgery and is therefore the preferred method 
of revascularization. However, surgery may be needed if this intervention is not successful. 
Restenosis after balloon angioplasty occurs in 7% to 27% of patients and usually develops within 
6 months. 


Medical therapy for patients with atherosclerotic renovascular disease should include aggressive 
control of cardiovascular risk factors through interventions such as smoking cessation and lipid 
control. Antihypertensive therapy with multiple agents also is usually necessary. Renin- 
angiotensin system inhibition with either ACE inhibitors or ARBs may significantly improve 
blood pressure, but patients with severe stenoses or unilateral renal artery stenosis in a solitary 
kidney may still experience acute declines in kidney function. 


Few randomized controlled trials have compared renal angioplasty and surgery or renal artery 
revascularization with medical therapy in patients with renovascular hypertension. These 
interventions have been associated with dramatic improvements in blood pressure control and 
kidney function in carefully selected individuals, particularly those with the recent onset of 
uncontrolled hypertension and decreased kidney function; however, early identification of these 
patients is challenging. 


Variability in patient selection and in the definitions of renovascular hypertension and outcomes 
has made interpretation of the few randomized clinical trials comparing renal artery 
revascularization with medical therapy difficult. Available observational and clinical trial data 
suggest that, among patients who undergo revascularization, blood pressure and kidney function 
improve or remain unchanged in up to 75% of subjects and may worsen in as many as 25% to 
30% of subjects. In a recent clinical trial comparing renal angioplasty with stenting versus 
medical therapy in patients with impaired kidney function, revascularization was shown to have 
no benefit with respect to preservation of kidney function. 


Serious complications of revascularization, such as cholesterol embolization, bleeding, post 
procedure myocardial infarction or stroke, or death may occur. A recent meta-analysis evaluating 
observational data as well as randomized controlled trials of medical therapy compared with 
revascularization concluded that available evidence does not clearly support one particular 
approach. Clinical trials addressing this area are nearing completion, but identifying the 
subgroup of individuals who will benefit from revascularization procedures remains challenging. 


Complications associated with renal angioplasty include hemorrhage; vessel dissection; diffuse 
atheroembolic disease; kidney failure; and, in patients with a high risk for cardiovascular events, 
myocardial infarction, and stroke. Restenosis rates ranged between 14% and 18%. 
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Renovascular Hypertension and Chronic Kidney Disease 


Atherosclerotic renovascular disease may be caused by ischemic nephropathy, which is defined 
as the combined effects of nephrosclerosis, prolonged ischemia, and atheroembolic disease and is 
frequently accompanied by CKD. The frequency with which ischemic nephropathy results in 
end-stage kidney disease is unknown. Currently, the best known predictors of progression to 
end-stage kidney disease are the glomerular filtration rate at presentation and the degree of 
fibrosis detected on kidney biopsy. 
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Pheochromocytoma 


e Pathophysiology 
e Diagnosis and Evaluation 
e Management 


PreviousNext 


Pathophysiology 


Pheochromocytomas, also known as paragangliomas, are rare tumors that develop in the adrenal 
medulla or extra-adrenal chromaffin tissue. The endocrine cells of the sympathoadrenal system 
synthesize and secrete catecholamines. Excessive production of these catecholamines can cause 
sustained or paroxysmal hypertension, diaphoresis, headache, and anxiety. Approximately 8% of 
patients with a pheochromocytoma are completely asymptomatic, and 5% of incidentally 
discovered adrenal tumors have been shown to be pheochromocytomas. 


Complications of pheochromocytomas can be fatal and include myocardial infarction, stroke, 
and cardiovascular collapse. Approximately 10% of patients with a pheochromocytoma have 
metastatic disease, and approximately 15% to 20% of patients with this condition have 
associated germline mutations in genes known to cause the genetic forms of pheochromocytoma. 
Familial pheochromocytoma occurs in multiple endocrine neoplasia type I; von Hippel-Lindau 
disease; neurofibromatosis; familial paraganglioma; and, rarely, multiple endocrine neoplasia 


type I. 
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Diagnosis and Evaluation 


Diagnosis of pheochromocytoma requires confirmation of excess catecholamine production 
supported by positive findings on certain imaging studies. Fractionated catecholamines and 
metanephrines can be measured in the serum or via a 24-hour urine collection. Some experts 
recommend measurement of fractionated plasma metanephrines, which are 96% to 100% 
sensitive for pheochromocytoma; however, these metanephrines are only 85% to 89% specific 
for pheochromocytoma, and positive results may require additional diagnostic testing to exclude 
false-positive results. Measurement of fractionated metanephrines and catecholamines via 24- 
hour urine collection has a sensitivity and specificity of 98%, but urine collection is more 
difficult than serum testing. 


MRI or CT scanning can localize the tumor in patients with a pheochromocytoma. 
Metaiodobenzylguanidine adrenal scanning is highly specific for pheochromocytomas, is helpful 
in diagnosing extra-adrenal tumors, and can be used to confirm positive findings on CT and MRI 
scanning. Metaiodobenzylguanidine scanning also may be used when a patient’s clinical 
presentation raises strong suspicion for pheochromocytoma and biochemical testing 
demonstrates excess catecholamine production but results on CT or MRI are negative. 
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Management 


Surgical resection is the treatment of choice for pheochromocytoma and can resolve associated 
hypertension. Beginning 10 to 14 days before surgery, a- and B-blockers are indicated to control 
blood pressure and pulse rate during the preoperative period and to prevent massive outpouring 
of catecholamines during surgical manipulation. Catecholamine-induced vasoconstriction and 
pressure natriuresis can cause a decrease in plasma volume, and institution of a high-sodium diet 
and avoidance of diuretics are indicated to restore volume. 


The long-acting a-blocker phenoxybenzamine should be started first. The dosage of this agent 
should be titrated upward to achieve blood pressure control and until adverse effects such as 
nasal congestion, postural hypotension, fatigue, and diarrhea develop. After 1 to 2 weeks of this 


therapy, small doses of B-blockers may be added to control tachycardia; however, use of B- 
blockers alone may exacerbate hypertension due to unopposed a tone and is not indicated. 


Metyrosine inhibits catecholamine synthesis and reduces tumor stores of catecholamines. This 
agent should be used when both a- and B-blockers are insufficient to control symptoms or are not 
tolerated, or when significant intraoperative manipulation of the tumor is anticipated. 
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White Coat Hypertension 


White coat hypertension is characterized by at least three separate office blood pressure 
measurements above 140/90 mm Hg with at least two sets of measurements below 140/90 mm 
Hg obtained in nonoffice settings, accompanied by the absence of target organ damage. 
Ambulatory blood pressure measurement is considered the gold standard for diagnosing this 
condition. 


Patients with white coat hypertension have a lower risk for cardiovascular events compared with 
those with sustained hypertension but also have a greater risk for developing sustained 
hypertension than those without this condition. Pharmacologic treatment of white coat 
hypertension has not been shown to reduce morbid events. 


PreviousNext 


Masked Hypertension 


Masked hypertension is characterized by a normal office blood pressure measurement and high 
ambulatory blood pressure measurement. This condition may affect up to 10 million persons in 
the United States. Patients with masked hypertension have a definite increased risk for 
cardiovascular events compared with patients with normal office and ambulatory blood pressure 
measurements. Suspicion for masked hypertension is usually raised when the physician is 
informed of discrepancies between office and home blood pressure readings. Ambulatory blood 
pressure monitoring can be used to confirm this diagnosis. 


There are no clinical trials addressing treatment of masked hypertension. However, treatment is 
indicated for patients with an elevated average 24-hour ambulatory blood pressure measurement. 
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Resistant Hypertension 


e Epidemiology and Risk Factors 


e Management 
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Epidemiology and Risk Factors 


Resistant hypertension is defined as blood pressure that remains above goal despite treatment 
with the optimal dosages of three antihypertensive agents of different classes, including a 
diuretic. Determining the prevalence of true resistant hypertension is difficult, because patients 
with uncontrolled hypertension secondary to poor medication adherence or inadequate treatment 
or those with white coat hypertension are not considered to have resistant hypertension. 
Ambulatory blood pressure monitoring can differentiate true resistant hypertension from a white 
coat effect that misleadingly suggests resistance to therapy. 


Patient characteristics more likely to be associated with resistant hypertension include older age, 
BMI above 30, higher baseline blood pressure, diabetes, and black race. Excessive consumption 
of dietary sodium and alcohol contributes to resistant hypertension. Resistant hypertension also 
may be associated with use of certain medications that variably increase blood pressure. 


A high proportion of patients with resistant hypertension have secondary hypertension due to 
either primary aldosteronism or renovascular hypertension; therefore, these conditions should be 
excluded in patients with suspected resistant hypertension. Sleep apnea and obesity also are 
prevalent in patients with resistant hypertension. 


Approximately 50% to 60% of patients with sleep apnea have hypertension, and 50% of patients 
with hypertension may have sleep apnea. This association is particularly strong in patients with 
resistant hypertension. A combination of the following factors may contribute to the association 
between sleep apnea and resistant hypertension: excessive sodium volume, nocturnal 
hypoxemia—mediated sustained increases in sympathetic nervous system activity, insulin 
resistance associated with obesity, and excess aldosterone production. 
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Management 


Management of resistant hypertension should include appropriate lifestyle modifications, 
discontinuation of medications that may increase blood pressure, and correction of secondary 
causes of hypertension. Patients with suspected sleep apnea should be referred for a formal sleep 
evaluation, and those diagnosed with this condition should consider treatment with continuous 
positive airway pressure. 


Because patients with resistant hypertension often have excessive volume expansion, adequate 
diuretic therapy is recommended in this setting. Chlorthalidone has a long duration of action and 


may be more effective than hydrochlorothiazide. Mineralocorticoid receptor antagonists such as 
spironolactone, amiloride, and eplerenone also are particularly effective in treating patients with 
resistant hypertension, including those with obesity and sleep apnea. Loop diuretics should be 
used in patients with resistant hypertension and CKD, and shorter-acting loop diuretics such as 
furosemide should be administered at least twice daily. 
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Hypertension in Special Populations 


e Women 
e Patients with Diabetes Mellitus 
e Older Patients 
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Women 


Diagnosis and treatment of hypertension is similar in men and women, but women have a higher 
prevalence of adverse effects associated with certain medications. Elderly women in particular 
are at greater risk for hyponatremia associated with thiazide diuretics. 
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Patients with Diabetes Mellitus 


In patients with diabetes mellitus, hypertension significantly contributes to the risk of diabetic 
vascular disease and death. Furthermore, compared with the general population, patients with 
hypertension are more likely to have impaired glucose tolerance, insulin resistance, and obesity 
and are at increased risk for the development of diabetes. 


All hypertension guidelines emphasize the importance of aggressively decreasing blood pressure 
to below 130/80 mm Hg in patients with diabetes by using any major classes of antihypertensive 
agents. However, the role of antihypertensive therapy in exacerbating glucose intolerance should 
be considered. 


Several clinical trials have shown differences in the rates of new cases of diabetes among various 
treatment groups; generally, renin-angiotensin system inhibitors have been associated with a 
lower incidence of diabetes compared with diuretics and B-blockers. In addition, in a recent 
meta-analysis, new-onset diabetes was lowest in those using ACE inhibitors and ARBs, followed 
by calcium channel blockers, B-blockers, and diuretics. 


These results are consistent with earlier studies reporting a reduction in new-onset diabetes with 
ACE inhibitors and ARBs and an increased incidence of new-onset diabetes with B-blockers and 
diuretics. However, the Diabetes Reduction Assessment with Ramipril and Rosiglitazone 
Medication (DREAM) trial revealed contrasting evidence. In this trial, patients with impaired 
fasting glucose levels or impaired glucose tolerance were randomly assigned to either ramipril or 
placebo. After 3 years, no significant difference in the incidence in new-onset diabetes was 
detected. Nevertheless, because the primary goal of antihypertensive therapy is to lower blood 
pressure, favoring the use of renin-angiotensin system blockers in patients at high risk for type 2 
diabetes is reasonable. Most patients with diabetes require two or more antihypertensive 
medications to achieve desired blood pressure targets. 
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Older Patients 


Patients with hypertension who are less than 50 years of age usually have an elevated diastolic 
blood pressure. In persons older than 50 years, systolic blood pressure continues to increase 
whereas diastolic blood pressure usually decreases; therefore, in this population group, isolated 
systolic hypertension is prevalent and an elevated systolic blood pressure is the most useful 
outcome predictor of cardiovascular morbidity and mortality. 


In a meta-analysis of eight trials of various antihypertensive regimens in over 15,000 patients 
older than 60 years with a systolic blood pressure above 160 mm Hg and diastolic blood pressure 
below 95 mm Hg, drug treatment was associated with improvements in total mortality (13%) and 
in mortality due to cardiovascular disease (18%), stroke (30%), and coronary heart disease 
(23%). Compared with placebo, antihypertensive therapy also has recently been shown to reduce 
stroke and cardiovascular disease mortality in patients over 80 years of age with hypertension. 


JNC guidelines recommend similar treatment thresholds for elderly patients with hypertension as 
for the general population (that is, all patients with a blood pressure of 140/90 mm Hg or higher 
should be treated with lifestyle modifications and drug therapy). However, elderly patients are 
more likely to have wide variances in blood pressure compared with younger individuals and 
may develop orthostatic hypotension if medications are titrated to higher doses too rapidly. 


Furthermore, clinical trials have shown that patients who have preexisting coronary disease who 
achieve low diastolic blood pressure (defined as <70 mm Hg) may have an increased incidence 
of cardiovascular events. Older patients in particular are at higher risk for this phenomenon, 
which is known as the J-shaped curve because the risk for these events declines as diastolic 
blood pressure decreases but increases as pressure decreases below the determined measurement 
for low diastolic blood pressure. 
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Tubulointerstitial Disorders 


Pathophysiology 
Clinical Manifestations 


Diagnosis and Evaluation 


e Management 
Key Points 


e Tubulointerstitial disorders are characterized by diseases that affect the vascular and 
interstitial compartments of the kidney with relative sparing of the glomeruli. 

e Primary chronic tubulointerstitial disease is characterized by a syndrome of chronic 
kidney disease that slowly progresses to end-stage kidney disease. 

e Acute tubulointerstitial disease is characterized by pyuria, eosinophilia, eosinophiluria, 
and acute kidney injury. 

e Diagnosis of tubulointerstitial disease can be established in patients with slowly 
progressive chronic kidney disease associated with a bland urine sediment and urine 
protein excretion that is typically less than 2 g/24 h. 

e Ultrasonography of the kidneys in patients with chronic tubulointerstitial disease reveals 
atrophic, echogenic kidneys consistent with chronic kidney disease. 

e Epstein-Barr virus, cytomegalovirus, and the polyomavirus BK virus may cause 
progressive loss of kidney function in patients with compromised immune systems. 

e A history of chronic analgesic use, elevations in the blood urea nitrogen and serum 
creatinine levels, and a bland urine sediment that may contain occasional granular casts 
or leukocytes are diagnostic of analgesic nephropathy. 

e The most common obstructive causes of chronic tubulointerstitial diseases are prostatic 
disease in men, cervical cancer in women, and urinary reflux in children and young 
adults. 

e There is no cure for chronic tubulointerstitial disease, but treatment of underlying causes 
of this condition may slow the progression to end-stage kidney disease. 

e Concomitant use of nephrotoxic medications and intravenous contrast agents should be 
avoided in all patients with tubulointerstitial disease. 
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Pathophysiology 


Regardless of the cause of tubulointerstitial disease, antigens on tubular proteins or tubular 
epithelial cells are believed to cause the inciting kidney injury associated with this disease. 


Tubulointerstitial disease can occur as a primary disorder that affects the function of the tubules, 
the interstitium, or the genitourinary tract with relative sparing of the glomeruli. 
Tubulointerstitial disease also may develop secondary to glomerular or vascular diseases. The 
degree of tubulointerstitial fibrosis in patients with secondary tubulointerstitial disease correlates 
with the risk for progressive loss of kidney function and the development of end-stage kidney 
disease (ESKD) that requires kidney replacement therapy. 
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Clinical Manifestations 


Primary chronic tubulointerstitial disease is characterized by a syndrome of chronic kidney 
disease (CKD) that slowly progresses to ESKD. Patients with primary chronic tubulointerstitial 
disease also may have polyuria and nocturia. Older patients and women have an increased risk 
for the development of CKD. 


Acute tubulointerstitial disease is characterized by pyuria, eosinophilia, eosinophiluria, and acute 
kidney injury (see Acute Kidney Injury). 
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Diagnosis and Evaluation 


The diagnosis of tubulointerstitial disease can be established in patients with slowly progressive 
CKD associated with a bland urine sediment and urine protein excretion that is typically less 
than 2 g/24 h. Low-molecular-weight tubular proteins such as B2-microglobulin, uromodulin 
(Tamm-Horsfall mucoprotein), and light chains are primarily excreted in these patients; urine 
albumin excretion is typically absent. Patients with tubulointerstitial disease also may have a 
decreased estimated glomerular filtration rate (eGFR) and a non—anion gap metabolic renal 
tubular acidosis. 


Ultrasonography of the kidneys in patients with chronic tubulointerstitial disease reveals 
atrophic, echogenic kidneys consistent with CKD. Characteristic kidney biopsy findings in 
patients with tubulointerstitial disease include lymphocytic infiltration and fibrosis in the 
interstitium with tubular atrophy, arteriosclerosis, and global glomerulosclerosis. 


Patients with established tubulointerstitial disease should be evaluated for conditions and factors 
associated with this disease (Table 22). Serial measurement of the eGFR is indicated as these 
patients progress to ESKD. In addition, ultrasonography or CT of the genitourinary tract should 
be performed to exclude urinary tract obstruction. 


Table 22. Causes of Primary Tubulointerstitial Diseases 


Immunologic 
Sjögren syndrome 
Sarcoidosis 
Systemic lupus erythematosus 
Infectious 


Viral (polyomavirus BK virus, JC virus, cytomegalovirus, adenovirus, Epstein-Barr virus, 
hepatitis C virus) 


Mycobacterial (Mycobacterium tuberculosis, Mycobacterium avium complex) 


Bacterial (chronic pyelonephritis, Rickettsia, leptospirosis, schisotosomiasis) 
Inherited 

Polycystic kidney disease 

Medullary sponge kidney 


Uromodulin (Tamm-Horsfall mucoprotein)—related kidney disease (type 2 medullary cystic 
kidney disease, familial juvenile hyperuricemic nephropathy, sickle cell disease) 


Malignancy 
Multiple myeloma 
Leukemia 

Medications 
Combination analgesics (phenacetin, aspirin, caffeine, NSAIDs) 
Calcineurin inhibitors (cyclosporine, tacrolimus) 


Lithium 
Metabolic 
Heavy metals (lead, mercury, cadmium) 
Hyperuricemia 
Cystinosis 
Obstructive 


Prostatic hyperplasia 
Urinary reflux nephropathy 
Nephrolithiasis 
Malignancies 
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Causes of Primary Chronic Tubulointerstitial Disease 


One of the most common causes of chronic tubulointerstitial disease is chronic hypertension with 
resultant nephrosclerosis. Chronic primary tubulointerstitial disease also may be caused by 
immunologic or infectious diseases, medications, malignancies, metabolic factors, or obstruction. 
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Immunologic Diseases 


e Sjögren Syndrome 
e Sarcoidosis 


e Systemic Lupus Erythematosus 
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Sjogren Syndrome 


Sjögren syndrome is one of the most common immunologic causes of tubulointerstitial disease. 
Approximately 20% to 50% of patients with Sjogren syndrome have kidney involvement that 
primarily manifests as tubular defects such as distal renal tubular acidosis, a decrease in urine 
concentrating ability, and a reduced eGFR. Rarely, patients with Sjogren syndrome have 
glomerular disorders such as membranous nephropathy or membranoproliferative 
glomerulonephritis. 
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Sarcoidosis 


Approximately 25% of patients with sarcoidosis have kidney involvement that predominantly 
occurs as a result of tubulointerstitial disease caused by noncaseating granulomatous 
inflammation and fibrosis. Patients with sarcoidosis may have an elevated serum 1,25- 
dihydroxyvitamin D; level that leads to hypercalcemia and hypercalciuria; these patients also 
may have an increased risk for nephrolithiasis and nephrocalcinosis. Furthermore, individuals 
with sarcoidosis and tubulointerstitial disease have polyuria and a decreased ability to 
concentrate and acidify the urine. 
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Systemic Lupus Erythematosus 


Primary tubulointerstitial disease associated with systemic lupus erythematosus (SLE) is 
relatively uncommon. Up to 33% of patients with SLE have interstitial inflammation and 
fibrosis, which may be caused by deposition of immune complexes within the interstitium. These 
patients have a normal eGFR and do not have a significant loss of kidney function, whereas 
those with secondary tubulointerstitial disease with lupus glomerulonephritis do have 
significantly decreased kidney function. 
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Infectious Diseases 


Inflammatory changes and fibrosis of the kidneys in patients with primary tubulointerstitial 
disease resulting from an infection are believed to be caused directly by the infecting organism 


or to occur secondary to systemic inflammation. Epstein-Barr virus, cytomegalovirus, and the 
polyomavirus BK virus in particular may cause progressive loss of kidney function in patients 
with compromised immune systems, such as kidney transplant recipients or those with HIV 
infection. 
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Malignancy 


Multiple myeloma is one of the most common malignancies associated with CKD. 
Approximately 50% of patients with multiple myeloma have reduced kidney function at the time 
of diagnosis, and approximately 10% of these individuals have chronic tubulointerstitial disease 


(see Multiple Myeloma in MKSAP 15 Hematology and Oncology). 
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Medications 


e Analgesics 
e Calcineurin Inhibitors 


e Lithium 
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Analgesics 


Analgesics are one of the most common classes of medications associated with tubulointerstitial 
disease. Use of combination analgesics such as acetaminophen and aspirin with caffeine or 
codeine and aspirin with phenacetin is particularly associated with an increased risk of analgesic 
nephropathy. 


According to the National Analgesic Nephropathy Study (NANS), patients who use more than 1 
kg of aspirin over a lifetime or have a total analgesic ingestion of 0.3 kg or more yearly have an 
increased risk of ESKD. However, these findings were primarily seen in patients using dual 
therapy with phenacetin and aspirin. The incidence of analgesic nephropathy has decreased since 
phenacetin-containing compounds were removed from the market in Europe and the United 
States. 


A history of chronic analgesic use, elevations in the blood urea nitrogen and serum creatinine 
levels, and a bland urine sediment that may contain occasional granular casts or leukocytes are 
diagnostic of analgesic nephropathy. This condition also may be associated with genitourinary 
tract malignancies, and urine cytology and cystoscopy are recommended in patients with 


analgesic nephropathy and persistent hematuria. The presence of small, indented, calcified 
kidneys (SICK) also is diagnostic of analgesic nephropathy; however, these findings are usually 
not seen on noncontrast CT. Therefore, routine use of this study does not help to diagnose this 
condition. 
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Calcineurin Inhibitors 


On kidney biopsy obtained 5 and 10 years after kidney transplantation, approximately 66% and 
90% of kidney transplant recipients, respectively, have evidence of a striped pattern of fibrosis 
caused by calcineurin inhibitor toxicity. Calcineurin inhibitors also have been shown to cause 
ESKD in approximately 10% of patients who have undergone transplantation of organs other 
than the kidneys. 
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Lithium 

Chronic tubulointerstitial disease associated with lithium typically involves the distal tubules and 
cortical collecting ducts. Kidney disease caused by lithium is more common in patients with 


repeated toxicity and high serum lithium levels. Manifestations of lithium-induced disease 
include a reduced eGFR, nephrogenic diabetes insipidus, and distal renal tubular acidosis. 
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Metabolic Factors 


e Lead 
e Hyperuricemia 
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Lead 


Lead nephropathy is an often unrecognized cause of CKD, especially in those with concomitant 
gout caused by decreased urine uric acid excretion. Patients with heavy lead exposure such as 
painters, welders, battery workers, and makers of home-brewed whiskey in lead pipes are at risk 
for the development of this condition. 


Lead nephropathy typically involves the proximal tubular cells and manifests as anemia and the 
Fanconi syndrome. Serum lead levels are an insensitive marker for lead toxicity, and calcium 
disodium ethylenediaminetetraacetic acid (EDTA) mobilization testing should be performed if 
lead nephropathy is suspected. A 24-hour urine collection of more than 600 ug/24 h (3 umol/d) 
of lead is diagnostic of lead toxicity. 
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Hyperuricemia 


Some experts believe that hyperuricemia directly causes chronic tubulointerstitial disease, 
whereas others believe that hyperuricemia is a secondary effect of reduced glomerular filtration 
rather than a tubular toxin. In patients with hyperuricemia, reduction of serum uric acid levels 
with allopurinol has failed to demonstrate significant renoprotective effects. 
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Obstruction 


The most common obstructive causes of chronic tubulointerstitial diseases are prostatic disease 
in men, cervical cancer in women, and urinary reflux in children and young adults. Prompt 
diagnosis of obstruction via radiographic imaging studies is essential to relieve obstruction and 
reverse acute kidney injury. Obstruction that is present for longer than 8 to 12 weeks typically 
results in irreversible kidney failure. 
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Management 


There is no cure for chronic tubulointerstitial disease, but treatment of underlying causes of this 
condition may slow the progression to ESKD. Discontinuation of the inciting agent(s) in patients 
with medication-induced tubulointerstitial disease is indicated to prevent further kidney injury 
but is unlikely to improve kidney function once interstitial fibrosis with a decreased eGFR 
develops. In addition, concomitant use of nephrotoxic medications and intravenous contrast 
agents should be avoided in all patients with tubulointerstitial disease. 
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Glomerular Diseases 


Pathophysiology 
Clinical Manifestations 


Conditions that Cause the Nephrotic Syndrome 
Diseases That Cause the Nephritic Syndrome 


Key Points 


The nephrotic syndrome is characterized by a urine protein-creatinine ratio above 3.5 
mg/mg, hypoalbuminemia, hyperlipidemia, lipiduria, edema, and hypercoagulability. 
The nephritic syndrome is characterized by hematuria, oliguria, hypertension, kidney 
insufficiency, and proteinuria caused by glomerular inflammation. 

Features of the nephrotic and nephritic syndrome often overlap, and kidney biopsy is 
used to distinguish between these conditions. 

Minimal change disease is characterized by the sudden onset of proteinuria that may be 
significant, the effacement or flattening of the podocytes seen on electron microscopy, 
and normal findings on light and immunofluorescence microscopy. 

Daily or alternate-day therapy with prednisone, 60 mg for 4 weeks followed by 40 mg/m? 
every other day for 4 weeks, is indicated to initially treat minimal change disease. 
Nonnephrotic patients with focal segmental glomerulosclerosis should undergo treatment 
with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; those 
with persistent nephrotic syndrome are also treated with prednisone, cyclosporine, or 
mycophenolate mofetil. 

Membranous nephropathy commonly manifests as the nephrotic syndrome and 
microscopic hematuria, but some patients may have asymptomatic proteinuria. 

In addition to age- and sex-appropriate screening, screening for other malignancies based 
on the patient’s clinical presentation is warranted in patients with membranous 
nephropathy. 

Common manifestations of fibrillary and immunotactoid glomerulonephritis include 
kidney dysfunction, proteinuria that may be nephrotic range, microscopic hematuria, and 
hypertension. 

Plasmapheresis, prednisone, cytotoxic agents, NSAIDs, and colchicine have been used to 
manage fibrillary and immunotactoid glomerulonephritis. 

Manifestations of diabetic nephropathy include proteinuria, a decline in kidney function, 
and hypertension that develops in patients with a 10- to 20-year history of type 1 diabetes 
or a 5- to 10-year history of type 2 diabetes. 


Renin-angiotensin system inhibitors should be used to decrease the blood pressure to 
below 130/80 mm Hg in all patients with diabetes and to less than 125/75 mm Hg in 
patients with diabetes who have a urine protein-creatinine ratio above 1 mg/mg. 
Patients with kidney amyloidosis typically have severe proteinuria and kidney 
dysfunction. 

Urine dipstick does not reveal albuminuria in patients with myeloma-related kidney 
disorders, but the addition of sulfosalicylic acid to the urine will precipitate all 
nonalbumin proteins, including light chains. 

HIV-associated nephropathy primarily affects black patients and is the third leading 
cause of end-stage kidney disease in this population group. 

HIV-associated nephropathy manifests as the nephrotic syndrome; large, highly 
echogenic kidneys seen on ultrasonography; kidney insufficiency; and rapid progression 
to end-stage kidney disease. 

Management of HIV-associated nephropathy may include highly active antiretroviral 
therapy, renin-angiotensin-aldosterone system inhibition, and kidney transplantation. 
Lamivudine therapy results in improved kidney outcome in patients with hepatitis B virus 
infection—induced membranous nephropathy who have a urine protein-creatinine ratio 
greater than 3mg/mg. 

IgA nephropathy may only involve the kidney or occur as part of a syndrome that 
includes skin or liver disease and other disorders such as inflammatory bowel disease, 
celiac disease, ankylosing spondylitis, and infections. 

Angiotensin-converting enzyme inhibitor or angiotensin receptor blocker therapy is 
indicated for patients with IgA nephropathy who have normal kidney function, normal 
blood pressure, and urine protein-creatinine ratio less than 1 mg/mg. 

Patients with progressive IgA nephropathy or a urine protein-creatinine ratio above 1 
mg/mg should receive pulse corticosteroid therapy or, if kidney insufficiency is present, 
corticosteroids and an alkylating agent. 

Membranoproliferative glomerulonephritis is most often associated with autoimmune 
diseases such as systemic lupus erythematosus or Sjögren syndrome, infections such as 
hepatitis C virus or infective endocarditis, or certain malignancies. 
Membranoproliferative glomerulonephritis frequently manifests as glomerular hematuria 
and a low C3 level. 

Treatment of the underlying disorder is an effective means of managing secondary 
membranoproliferative glomerulonephritis. 

Hepatitis C virus—associated kidney disease most often manifests as 
membranoproliferative glomerulonephritis and mixed cryoglobulinemia but may 
manifest as mesangioproliferative glomerulonephritis as well as membranous 
nephropathy and polyarteritis nodosa in those without cryoglobulinemia. 

Treatment of hepatitis C virus infection includes antiviral therapy with interferon alfa or 
pegylated interferon. 

Combination therapy with prednisolone, interferon alfa, and lamivudine is effective in 
70% to 100% of patients with hepatitis B virus—associated polyarteritis nodosa. 
Poststreptococcal glomerulonephritis initially manifests as sudden-onset edema, 
hematuria, and kidney insufficiency that develop 2 or 3 weeks after the onset of 
streptococcal pharyngitis or cellulitis. 


e Testing for antistreptolysin O and anti-DNAse B antibodies is the most effective method 
of diagnosing poststreptococcal glomerulonephritis. 

e In patients with class II or IV lupus nephritis, 6 consecutive months of once-monthly 
intravenous cyclophosphamide therapy with additional cyclophosphamide therapy 
administered every 3 months for up to 2 years has been shown to provide long-term 
improvement in kidney function. 

e Inpatients with diffuse proliferative glomerulonephritis, mycophenolate mofetil as 
induction therapy appears equivalent to intravenous cyclophosphamide and is superior to 
intravenous cyclophosphamide in maintaining disease remission for up to 48 months. 

e The pulmonary-kidney presentation of anti-glomerular basement membrane antibody 
disease is known as Goodpasture syndrome and typically affects young men, whereas 
older women typically have involvement of only the kidneys. 

e Corticosteroids and cyclophosphamide are indicated to induce disease remission in 
patients with anti-glomerular basement antibodies. 

e Kidney disease in patients with systemic vasculitis frequently manifests as a rapidly 
progressive glomerulonephritis. 

e Most patients with polyarteritis and microscopic polyangiitis are ANCA positive; 
antiproteinase-3 (anti-PR3) antibodies are usually detected in patients with Wegener 
granulomatosis, whereas antimyeloperoxidase (anti-MPO) antibodies are usually found in 
those with microscopic polyangiitis. 

e Inpatients with severe Wegener granulomatosis, plasma exchange in addition to 
immunosuppressive therapy has a 24% risk reduction for progression to end-stage kidney 
disease compared with those who received immunosuppressive therapy alone. 

e Plasma exchange may delay or eliminate the need for dialysis in patients with 
microscopic polyangiitis—related kidney disease who have undergone induction therapy 
and are receiving maintenance therapy. 

e Thrombotic microangiopathy is a clinical syndrome characterized by multiple organ 
involvement, thrombocytopenia, and microangiopathic hemolytic anemia. 

e Empiric plasma exchange therapy is indicated for patients with a clinical presentation 
compatible with thrombotic thrombocytopenic purpura-hemolytic uremic syndrome. 
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Pathophysiology 


Glomeruli are bundles of capillaries interposed between afferent and efferent arterioles in the 
kidneys. These bundles are composed of several cell types, including mesangial cells that 
support the glomerular capillary wall and endothelial and epithelial cells located on opposite 
sides of the glomerular basement membrane (GBM) (Figure 11). 


Damage to the glomerular epithelial cells (known as podocytes) or the GBM alters the 
permeability of the capillary wall and results in proteinuria. Rupture of the capillary wall or 
proliferation of the glomerular mesangial cells causes hematuria. 


Rupture of the GBM leads to necrosis and crescent formation. The inflammatory infiltrations 
into Bowman’s space are caused by damage to the capillary wall. These infiltrates become 
crescents consisting of coagulation proteins, macrophages, T cells, fibroblasts, and epithelial 
cells that irreversibly replace Bowman’s space, which can result in a rapidly progressive 
glomerulonephritis associated with acute kidney injury. 


Endothelial 
Epithelial cell 


foot process 


Mesangial 
cell 


P > = ST ad 
Mesangial VIesV7 Basement 
matrix membrane 


Figure 11. Normal glomerular capillary. 
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Clinical Manifestations 


Glomerular disease can produce clinical patterns of kidney disease classified as either the 
nephrotic syndrome or the nephritic syndrome, and patients with glomerular disease often have 
characteristics of both syndromes. Kidney biopsy is considered the best means of establishing a 
diagnosis and distinguishing between the nephrotic and nephritic syndromes (Figure 12). 


Dipstick-positive proteinuria (urine protein-creatinine 
ratio >0.3 mg/mg) with or without hematuria 
or erythrocyte casts 


Obtain history and physical, complete blood 
count, glucose and electrolyte levels, lipid 
and liver panel, and kidney ultrasonography 


Refer to nephrologist 


Focused history and physical, microscopic 
urinalysis*, appropriate kidney imaging, 
appropriate lab studies (serum complements, ANA, 
anti-dsDNA, ANCAs, ASO, serum and urine 

electrophoreses, hepatitis serologies, VDRL) 


* Diagnosis clear, no need for kidney * Diagnosis is not clear; and 
biopsy; or * Kidney biopsy—based diagnosis 
a Solitary kidney; or would determine management; or 
* Kidney lengths <8 cm; or = Potential diagnosis requires 
s Patient unwilling aggressive immunosuppression 


Do not proceed with kidney biopsy; Proceed with kidney biopsy 


begin appropriate management 


Figure 12. Approach to the patient with glomerular disease. 


ANA = antinuclear antibodies; anti-dsDNA = anti—double-stranded DNA antibodies; ASO = 
antistreptolysin O antibodies; VDRL = Venereal Disease Research Laboratory testing. 


“The presence of erythrocyte casts and/or dysmorphic erythrocytes indicates a glomerular 


process. Acutely deteriorating kidney function warrants prompt kidney biopsy to determine 
whether aggressive immunosuppressive therapy is needed. 
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The Nephrotic Syndrome 


The nephrotic syndrome is characterized by a urine protein-creatinine ratio above 3.5 mg/mg, 
hypoalbuminemia, hyperlipidemia, lipiduria, edema, and hypercoagulability. This syndrome may 
manifest as a primary kidney disease or occur secondary to a systemic disease. The nephrotic 
syndrome is usually caused by injury exclusively to the podocyte or GBM. 
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The Nephritic Syndrome 


The nephritic syndrome, also known as glomerulonephritis, is often caused by immune-complex 
deposition in the glomerular capillaries and results in protein and erythrocytes escaping into 
Bowman’s space. This condition is characterized by hematuria, oliguria, hypertension, and 
kidney insufficiency caused by glomerular inflammation. Urinalysis usually reveals pyuria and 
cellular and granular casts, and nephrotic-range proteinuria is often present. 


Some patients with the nephritic syndrome have dermal inflammation that manifests as palpable 
purpura, necrosis, ulcers, or nodules. These patients may have kidney-dermal syndromes such as 
systemic lupus erythematosus (SLE), Henoch-Schonlein purpura (HSP), ANCA-associated 
vasculitis, and cryoglobulinemia. Kidney-pulmonary syndromes also may develop in patients 
with the nephritic syndrome. Assays for anti-GBM antibodies; ANCAs; and markers for immune 
complex diseases such as antinuclear antibodies, anti-double-stranded DNA antibodies, 
cryoglobulins, hepatitis B or C virus antibodies, and complement levels may further refine the 
diagnosis. 
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Conditions that Cause the Nephrotic Syndrome 


e Primary Nephrotic Syndrome 
e Secondary Nephrotic Syndrome 
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Primary Nephrotic Syndrome 


Primary nephrotic syndrome is usually diagnosed when a secondary cause for the nephrotic 
syndrome not been identified. Because the degree of kidney function, hematuria, and proteinuria 
is often similar among all causes of primary nephrotic syndrome, kidney biopsy is needed to 


establish a definitive diagnosis, determine the most appropriate treatment, and evaluate patient 
prognosis. 
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Pathophysiology and Epidemiology 


Minimal change disease accounts for 10% to 20% of all cases of primary nephrotic syndrome in 
adults. This condition is usually idiopathic but may develop secondary to use of NSAIDs or 
lithium. Hodgkin lymphoma and other less-common lymphomas or leukemias; thymoma; and 
malignancies of the kidney cells, duodenum, and pancreas also may be associated with minimal 
change disease. 


Approximately one third of patients with minimal change disease have only one episode 


followed by a long-term remission. However, most patients have a relapsing disease course, and 
the initial relapse usually occurs within the first 6 months. 
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Diagnosis and Evaluation 


A diagnosis of minimal change disease can be established in patients with effacement or 
flattening of the podocytes seen on electron microscopy and normal findings on light and 
immunofluorescence microscopy. 
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Clinical Manifestations 


Minimal change disease manifests as sudden proteinuria that may be significant; for example, the 
urine protein-creatinine ratio may exceed 9 mg/mg. Microscopic hematuria and hyperlipidemia 


also may be present. Occasionally, acute kidney injury develops in adult patients with minimal 
change disease who have atherosclerosis and a rapid onset of severe proteinuria or edema. 
Hypertension and progression to end-stage kidney disease (ESKD) are rare in minimal change 
disease. 
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Management 


Daily or alternate-day therapy with prednisone, 60 mg for 4 weeks followed by 40 mg/m” every 
other day for 4 weeks, is indicated to initially treat minimal change disease. Patients whose urine 
protein-creatinine ratio decreases below 0.3 mg/mg are considered to have a full response to 
treatment and should experience resolution of minimal change disease—associated acute kidney 
injury. 


Approximately 10% of patients with minimal change disease become corticosteroid-dependent 
or are treatment resistant. Resistance is defined as a lack of full response to this treatment despite 
8 weeks of therapy, or, in older adults, 12 to 16 weeks of daily therapy. Immunosuppressive 
agents such as cyclophosphamide, cyclosporine, tacrolimus, and mycophenolate mofetil have 
been used in corticosteroid-dependent or -resistant patients and in those who have frequent 
relapses. 


PreviousNext 


Focal Segmental Glomerulosclerosis 
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Pathophysiology and Epidemiology 


Focal segmental glomerulosclerosis (FSGS) is the most common cause of idiopathic nephrotic 
syndrome in adults and the most common cause of the nephrotic syndrome in black adults. This 
condition also is the most common primary glomerular disease that causes end-stage kidney 
disease in the United States. 


FSGS may be idiopathic or familial or occur secondary to other conditions. A structural 
adaptation to nephron loss may cause FSGS, as occurs in reflux nephropathy, chronic 
pyelonephritis, or interstitial diseases. Additional causes of FSGS include obesity, sleep apnea, 
or an unidentified circulating permeability factor. However, primary podocyte dysfunction is the 
inciting event in most patients with FSGS. 
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Clinical Manifestations 


FSGS is a more indolent form of the nephrotic syndrome than minimal change disease. Patients 
with primary FSGS usually present with microscopic hematuria, hypertension, and kidney 
insufficiency. Patients with secondary FSGS have minimal edema and rarely have the full 
spectrum of the nephrotic syndrome, such as nephrotic-range proteinuria. 
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Diagnosis 


The primary biopsy finding in FSGS is a focal scarring lesion that involves only a few glomeruli 
and segments of the glomerular tuft. Immunofluorescence microscopy in affected patients 
reveals coarse deposits of immunoglobulins in segmentally scarred glomerular areas, C3, and 
usually fibrin trapped in the involved glomeruli. Electron microscopy shows diffuse obliteration 
of the podocytes and foam cells that often occupy the lumina of collapsed capillaries. 


Morphologic variants of FSGS have been defined. The collapsing variant is characterized by 
collapse and sclerosis of the entire glomerular tuft and prominence of the visceral epithelial cells 
and has a worse prognosis than other variants. The tip variant has the defining pathologic lesion 
located at the tip of the glomerulus near the proximal tubule, appears to be more responsive to 
corticosteroids, and has a better overall prognosis. The perihilar variant (perihilar sclerosis and 
hyalinosis) often occurs in patients with secondary disease. A cellular variant also may occur, but 
some experts believe that this variant is intermediate in severity between collapsing FSGS and 
the tip variant. 
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Management 


Treatment is usually necessary to reduce proteinuria or achieve remission in patients with FSGS. 
In nonnephrotic patients, angiotensin-converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) are indicated. Patients with FSGS and persistent nephrotic syndrome 


require daily or alternate-day prednisone, cyclosporine, or mycophenolate mofetil for 16 weeks 
in addition to an ACE inhibitor or an ARB. 


A randomized, controlled trial demonstrated that cyclosporine was useful in achieving remission 
in up to 70% of corticosteroid-resistant patients with FSGS. However, relapse occurred in nearly 
40% of these patients when cyclosporine therapy was discontinued. 


Corticosteroid therapy alone is associated with complete remission in 30% to 60% of patients 
with FSGS, no response in 40% to 50%, and partial remission in others. Cyclophosphamide may 
be effective in cortisosteroid-sensitive patients with FSGS but is usually not useful in those with 
corticosteroid-resistant disease. 
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Prognosis 


Up to 50% of patients with FSGS and persistent nephrotic-range proteinuria develop ESKD 
within 5 years. The presence of massive proteinuria (urine protein-creatinine ratio above 10 
mg/mg) in particular is associated with a poor prognosis. Remission of proteinuria is a 
significant predictor of kidney survival, and even partial remission is associated with a slower 
rate of kidney function decline and a reduced risk of kidney failure. 
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Pathophysiology and Epidemiology 


Approximately 15% to 33% of adults with proteinuria and the nephrotic syndrome have 
membranous nephropathy. This condition has a 2:1 male predominance and typically develops in 
patients between 30 and 50 years of age. 


Membranous nephropathy is usually idiopathic but may occur secondary to conditions such as 
hepatitis B or C virus infection, malaria, syphilis, systemic lupus erythematosus, diabetes, and 
rheumatoid arthritis; use of drugs such as NSAIDs, captopril, and penicillamine; and 


malignancies of the breast, colon, stomach, kidney, and lung. Obtaining an antinuclear antibody 
assay to screen for lupus and serologic testing for hepatitis B and C virus infections are useful to 
exclude these potential secondary causes. In addition to age- and sex-appropriate screening, 
screening for other malignancies based on the patient’s clinical presentation also is warranted. 


This glomerulopathy is named for the electron-dense immune complex deposits arranged within 
the GBM that are visible on light microscopy in affected patients. These deposits are believed to 
be derived from an antigen deposited in the GBM and are associated with subsequent antibody- 
antigen interaction. This in situ immune complex formation activates the complement cascade 
that causes glomerular capillary wall permeability and proteinuria in animal studies. 
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Clinical Manifestations 
Membranous nephropathy usually manifests as the nephrotic syndrome, but some patients may 
have asymptomatic proteinuria. Microscopic hematuria and an absence of erythrocyte casts also 


are common. Factors such as the baseline serum creatinine level and degree of proteinuria 
determine the rate of disease progression. 
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Management 


The clinical features and risk for disease progression should determine the most appropriate 
management in patients with membranous nephropathy (Figure 13). 


Low-risk group® 


Dietary protein restriction; blood pressure 
control and proteinuria reduction by 
ACEWVARB; statins for hyperlipidemia 


Medium-risk group” 


Supportive treatment x 6 months 
Dietary protein restriction; blood pressure 
control and proteinuria reduction by 
ACEVARB; statins for hyperlipidemia 


Persistent nephrotic-range 
proteinuria and presence of 
poor prognostic factors 


Corticosteroid alternating 
with cytotoxic agents 


Deteriorating kidney 
function 


High-risk group“ | 


Supportive treatment 
Dietary protein restriction; 
blood pressure control 
and proteinuria reduction by 
ACEI/ARB; statins for 
hyperlipidemia 
plus 
combined corticosteroid 
and cytotoxic agents 


Persistent nephrotic-range 
proteinuria and 
deteriorating kidney 
function 
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Figure 13. Treatment of idiopathic membranous 


nephropathy. 


ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; MMF = 


mycophenolate mofetil. 


“Urine protein excretion less than 4 g/24 h with normal kidney function. 


Urine protein excretion between 4 and 8 g/24 h with normal kidney function. 


“Urine protein excretion of 8 g/24 h or higher with impaired kidney function. 


Reprinted with permission from Lai KN. Membranous nephropathy: when and how to treat. 
Kidney Int. 2007;71:841-3. [PMID: 17457329] Copyright © 2007, MacMillan Publishers. 
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Prognosis 


Factors associated with a poor prognosis include male sex, older age, abnormal kidney function, 
a urine protein-creatinine ratio greater than 6 mg/mg sustained over 6 months, lack of complete 
remission with treatment, and the presence of tubulointerstitial lesions on kidney biopsy. 
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Immunotactoid and Fibrillary Glomerulonephritis 


e Pathophysiology and Epidemiology 
e Clinical Manifestations 
e Management 


PreviousNext 


Pathophysiology and Epidemiology 


Fibrillary and immunotactoid glomerulonephritis are relatively rare conditions caused by the 
deposition of randomly arranged fibrils derived from immunoglobulins that accumulate in the 
glomeruli. These deposited fibrils are larger than those associated with amyloidosis and do not 
react with Congo red staining or other agents used to diagnose amyloidosis. Fibrillary 
glomerulonephritis accounts for 85% to 90% of these conditions. 


Fibrillary and immunotactoid glomerulonephritis are usually idiopathic, but immunotactoid 
glomerulonephritis can occur secondary to lymphocytic leukemia or B-cell lymphomas. This 
condition also may be associated with hepatitis C virus infection, cryoglobulinemia, and SLE. 
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Clinical Manifestations 


The mean age of presentation in patients with fibrillary and immunotactoid glomerulonephritis is 
55 to 60 years. Common manifestations of these conditions include kidney dysfunction, 
proteinuria that is usually in the nephrotic range, microscopic hematuria, and hypertension. 
Nearly 50% of affected patients progress to ESKD within 10 years of diagnosis. Fibrillary and 
immunotactoid glomerulonephritis can recur in kidney transplantation recipients. 
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Management 


No controlled trials have been performed in patients with fibrillary and immunotactoid 
glomerulonephritis, but plasmapheresis, prednisone, cytotoxic agents, NSAIDs, and colchicine 
have been used to manage these conditions. In addition, patients whose kidney disease is related 
to an underlying malignancy may benefit from therapy directed at the underlying disorder. 
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Secondary Nephrotic Syndrome 


Diabetic Nephropathy 
Amyloidosis 
Multiple Myeloma 


HIV-Associated Nephropathy 
Hepatitis B Virus—Associated Kidney Disease 
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Diabetic Nephropathy 
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Epidemiology and Risk Factors 


Diabetic nephropathy develops in patients with a 10- to 20-year history of type 1 diabetes 
mellitus or a 5- to 10-year history of type 2 diabetes. This condition affects approximately 30% 
of patients with type 1 diabetes and 5% to 30% of those with type 2 diabetes. 


Diabetic nephropathy is significantly more prevalent in American Indian, Mexican-American, 
and black patients compared with white patients. Additional risk factors for this condition 
include older age of onset of diabetes, increased blood pressure, poor glycemic control, cigarette 
smoking, and a family history of kidney disease and hypertension. 
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Screening 


Screening for microalbuminuria is strongly recommended for all patients with diabetes. The 
American Diabetes Association 2009 guidelines specifically recommend annual measurement of 
the urine albumin excretion for patients who have had type 1 diabetes for 5 years or more and for 
all patients with type 2 diabetes beginning at the time of diagnosis. 


Screening for microalbuminuria usually involves obtaining an albumin-creatinine ratio on a first 
morning void urine sample, a random sample, or a timed urine collection. Microalbuminuria is 
confirmed when two of three samples obtained within a 6-month period reveal a urine albumin- 
creatinine ratio between 30 and 300 mg/g. However, factors such as urinary tract infection, 
heavy exercise, high dietary protein intake, heart failure, acute febrile illness, menstruation, and 
vaginal discharge may confound these results; testing should be postponed if any of these factors 
is present. 
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Clinical Manifestations and Evaluation 


Manifestations of diabetic nephropathy include proteinuria, a decline in kidney function, and 
hypertension. Classically, patients with this condition have nephrotic-range proteinuria and 
nodular sclerosis seen on kidney biopsy. 


In patients with type | diabetes, early diabetic nephropathy is characterized by an elevated 
glomerular filtration rate or hyperfiltration that usually develops several years after diabetes is 
first diagnosed. Microalbuminuria is the first easily detectable sign of diabetic nephropathy and 
usually occurs 5 to 15 years after the diagnosis of diabetes. Microalbuminuria also is a predictor 
for increased mortality due to cardiovascular disease in patients with type 1 and 2 diabetes. 
Approximately 10 to 15 years after the diagnosis of diabetes, macroalbuminuria (urine albumin- 
creatinine ratio above 300 mg/g) can be detected on urine dipstick and is accompanied by 
decreasing kidney function and increased blood pressure. 


In patients with type 1 diabetes, kidney failure caused by diabetic nephropathy usually occurs 15 
to 30 years after diabetes is diagnosed. Whether this same rate of progression occurs in patients 
with type 2 diabetes or in those who have initiated early disease modification interventions 
remains uncertain. 


Patients with diabetes who present with albuminuria and/or a reduced glomerular filtration rate 
may have kidney disorders other than diabetic nephropathy. Many patients with type 2 diabetes 
are at risk for nonproteinuric chronic kidney disease that may be caused by hypertension and 
atherosclerosis. However, the presence of retinopathy in patients with diabetes who have 
proteinuria is strongly suggestive of diabetic nephropathy. 
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Management 


Hemoglobin A, levels correlate with the severity of kidney and retinal diabetic microvascular 
disease, and glycemic control in patients with diabetes delays or prevents the progression of 
diabetic nephropathy. Decreasing proteinuria in these patients involves use of renin-angiotensin 


system inhibitors and decreasing the blood pressure to below 130/80 mm Hg in all patients with 
diabetes and to less than 125/75 mm Hg in patients with diabetes who have a urine protein- 
creatinine ratio above 1 mg/mg. In addition, ACE inhibitors or ARBs should be used to reduce 
proteinuria, even if the patient is at target blood pressure (see Hypertension). 


ACE inhibitors and ARBs also have been shown to slow the progression of diabetic kidney 
disease; however, a recent study revealed that administration of these agents to patients with 
normal urine albumin excretion, a normal glomerular filtration rate, and normal blood pressure 
did not prevent development of diabetic retinopathy. Nevertheless, these agents are still 
recommended for patients with hypertension regardless of their level of urine albumin and for 
those with albuminuria. 


ACE inhibitors and ARBs both slow the decline of the glomerular filtration rate and have an 
equivalent renoprotective effect. Results from the ONTARGET study, which involved elderly 
patients at high risk for cardiovascular events, indicate that use of combination ACE and ARB 
therapy does not reduce morbidity and mortality and furthermore increases adverse side effects 
compared with usage of ACE inhibitors alone. Further studies are warranted before combination 
therapy can be recommended. 


Kidney transplantation is the preferred kidney replacement therapy for patients with ESKD 
secondary to diabetes. However, diabetic nephropathy may recur many years after 
transplantation. Therefore, careful management of blood pressure, plasma glucose levels, and 
cardiovascular risk factors post transplantation is important. Simultaneous kidney-pancreas 
transplantation prevents recurrence of diabetic nephropathy. 
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Amyloidosis 


e Clinical Manifestations and Diagnosis 
e Classification 


e Management 
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Clinical Manifestations and Diagnosis 


Amyloidosis refers to numerous conditions caused by deposition of abnormal fibrillary structures 
that are composed of precursor proteins. Manifestations of amyloidosis vary with the organ or 
site involved. In patients with kidney amyloidosis, proteinuria and kidney dysfunction are 
typically severe, but mild disease may occur. More than 25% of these patients have the nephrotic 
syndrome at the time of diagnosis. Biopsy of abdominal fat or rectal or duodenal mucosa is 
indicated if there is suspicion for systemic amyloidosis. Each of these studies is readily available 


in most medical centers, is 70% to 80% sensitive, and poses limited risk to the patient. Affected 
tissues stained with Congo red should reveal characteristic apple-green birefringence under 
polarized microscopy (see Immunoglobulin Light-Chain (AL) Amyloidosis in MKSAP 15 
Hematology and Oncology). 
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Classification 


Amyloidosis is classified according to the type of protein deposited. AL amyloidosis is the most 
common type of systemic amyloidosis in the United States. This condition is a primary disorder 
associated with deposition of an immunoglobulin light chain or a fragment of a light chain. 
Heavy chain deposition is rare and is associated with multiple myeloma, plasma cell disorders, 
and lymphomas. Detection of monoclonal immunoglobulin in serum, blood, or tissues 
differentiates AL amyloidosis from other forms of amyloidosis. 


AA amyloidosis accounts for 45% of cases of systemic amyloidosis worldwide and is more 
common in developing countries. This condition is caused by deposition of the amyloid A 
protein that is a fragment of serum amyloid A, which is an acute phase reactant produced by the 
liver. AA amyloidosis develops secondary to chronic inflammatory states and is associated with 
numerous disorders as well as injection drug use (Table 23). The diagnosis of amyloidosis 
should be considered in patients with long-standing, chronic inflammatory disease who develop 
a pattern of multiorgan dysfunction, especially if the kidneys, liver, or bowel is involved. 


Familial (AF) amyloidosis is an autosomal-dominant disorder that may be caused by deformities 
of transthyretin. Disorders of the fibrinogen A alpha chain also can cause hereditary amyloidosis. 
AF amyloidosis should be considered in patients with signs and symptoms of AL or AA 
amyloidosis with a clear-cut inheritance pattern. 


Table 23. Conditions Associated with AA Amyloidosis 


Chronic inflammatory arthritides 
Rheumatoid arthritis 

Juvenile idiopathic arthritis 
Bronchiectasis 

Infection in paraplegic patients 
Osteomyelitis 

Tuberculosis 

Familial Mediterranean fever 
Crohn disease 

Castleman disease 

Lymphoma 


Vasculitis 
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Management 


Management of kidney amyloidosis involves removal of previously deposited amyloid fibrils 

and inhibiting production of additional precursor fibroids. AL amyloidosis can be treated with 
chemotherapeutic regimens such as high-dose melphalan and autologous peripheral stem-cell 

transplantation. 


Control of the underlying infection is usually indicated for patients with AA amyloidosis; 
eprodisate (low-molecular-weight anionic sulfonate) also appears to slow kidney disease 
progression in patients with AA amyloidosis but has not yet been approved for clinical use by the 
U.S. Food and Drug Administration. Colchicine may be effective for amyloidosis secondary to 
familial Mediterranean fever. Liver transplantation is used for patients with ATTR amyloidosis. 
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Multiple Myeloma 


Pathophysiology 
Clinical Manifestations 


Diagnosis and Evaluation 
Management 
Prognosis 
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Pathophysiology 


Myeloma-related kidney disorders occur when coprecipitation of immunoglobulin light chains 
and Tamm-Horsfall proteins causes cast formation in the distal nephron. Tubular reabsorption of 
filtered light chains results in cellular protein overload, which ultimately causes inflammation 
and fibrosis. 
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Clinical Manifestations 


Myeloma-related kidney disease manifests as mild to severe kidney dysfunction and proteinuria 
that is generally minimal. Between 20% and 25% of patients with multiple myeloma have 
established kidney insufficiency at the time of diagnosis. 


Patients with myeloma-related kidney disease may have tubular dysfunction, including acid-base 
and concentration abnormalities and the Fanconi syndrome. Less than 15% to 25% of those with 
multiple myeloma have the nephrotic syndrome. Kidney disorders associated with multiple 
myeloma include acute kidney injury, light chain or AL amyloidosis, monoclonal 
immunoglobulin deposition, cast nephropathy (also known as myeloma kidney), 
cryoglobulinemic glomerulonephritis, and proliferative glomerulonephritis. Rarely, treatment 
with bisphosphonates for skeletal complications of multiple myeloma causes FSGS and acute 
tubular necrosis. 


Cast nephropathy occurs in 30% to 50% of patients with multiple myeloma and is particularly 
associated with severe kidney dysfunction. Nearly 50% of these patients have acute kidney 
injury that is caused by dehydration, infection, hypercalcemia, or radiocontrast agent or NSAID 
use. Monoclonal immunoglobulin deposition occurs in 25% of patients with myeloma-related 
kidney disease, light chain deposition in 2% to 3%, and amyloidosis in 4% to 5%. 
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Diagnosis and Evaluation 


Urine dipstick does not reveal albuminuria in patients with myeloma-related kidney disorders, 
but the addition of sulfosalicylic acid to the urine will precipitate all nonalbumin proteins, 
including light chains. Kidney biopsy is recommended to confirm multiple myeloma in the 
absence of other tissue diagnoses and to exclude other kidney disorders. 


PreviousNext 


Management 


Patients with multiple myeloma and ESKD are as responsive to chemotherapy as other patients, 
and management of myeloma-related kidney disorders should include systemic chemotherapy 
and autologous stem-cell transplantation to resolve the underlying disorder. Melphalan and 
prednisone should be used in patients who are not eligible for autologous stem-cell 
transplantation. Kidney transplantation has been successful in patients with multiple myeloma 
who have achieved full remission, but recurrence of light chain nephropathy and kidney failure 
has been reported. 


In patients with cast nephropathy, volume expansion, alkalinization of the urine, discontinuation 
of nephrotoxic agents, and avoidance of radiocontrast agents is important. In addition, treatment 
of concomitant hypercalcemia is indicated to decrease the risk for intratubular cast formation and 
progressive kidney failure. Plasmapheresis is no longer recommended in patients with multiple 
myeloma who have kidney failure. 
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Prognosis 


Kidney function is one of the most important determinants of survival in patients with multiple 
myeloma. Patients with serum creatinine levels below 1.5 mg/dL (132.6 mol/L) have a 1-year 
survival rate of 80%, whereas those with levels above 2.3 mg/dL (203.3 umol/L) have a 1-year 
survival rate of 50%. 


Patients who attain remission with autologous stem-cell transplantation have a median survival 
of 40 months to 89 months compared with 26 months in those who are unresponsive to this 
therapy. Approximately 24% of patients with multiple myeloma new to dialysis who have 
undergone successful autologous stem-cell transplantation regain sufficient kidney function to 
discontinue dialysis. 
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HIV-Associated Nephropathy 


e Pathophysiology and Epidemiology 
e Clinical Manifestations and Diagnosis 


e Management 
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Pathophysiology and Epidemiology 


HIV-associated nephropathy (HIVAN) accounts for 33% of biopsy-proven glomerulopathies in 
patients with HIV infection. This condition primarily affects black patients and is the third 
leading cause of ESKD in this population group. HIVAN is not associated with a particular 
opportunistic infection or stage of infection with HIV. Patients with this condition have evidence 
of direct viral infection of glomerular visceral epithelial cells. 
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Clinical Manifestations and Diagnosis 


HIVAN is characterized by the nephrotic syndrome, kidney insufficiency, and rapid progression 
to ESKD. Patients with HIVAN usually do not have edema or hypertension due to sodium 
wasting caused by proximal tubular lesions. On ultrasonography, the kidneys are typically large 
and highly echogenic. Kidney biopsy in patients with HIVAN may reveal segmental 
glomerulosclerosis, but tubular cystic lesions are pathognomonic of this condition. The presence 
of tubular reticular bodies seen on electron microscopy of a biopsy specimen further supports the 
diagnosis. 


Many patients initially diagnosed with HIVAN already have advanced disease, but better 
screening practices are causing earlier detection of HIV-related kidney disease. Use of highly 
active antiretroviral therapy (HAART) has led to a decreased incidence of proteinuria in patients 
with HIV infection from 20% to 5% and a reduction in new-onset ESKD. However, even in 
patients undergoing HAART, the severity of HIVAN correlates with CD4 cell count and viral 
load. 


Other forms of glomerular disease that can develop in patients due to infection with HIV include 
membranoproliferative glomerulonephritis, IgA nephropathy, lupus-like syndromes, and 
thrombotic microangiopathies such as hemolytic uremic syndrome (HUS) and thrombotic 
thrombocytopenic purpura (TTP). Furthermore, approximately 22% of patients with HIV 
infection who have proteinuria may develop an HIV-specific disorder known as HIV immune 
complex kidney disease. Finally, long-term survivors of HIV infection may develop chronic 
medical conditions associated with CKD and ESKD, including diabetes, hypertension, and 
atherosclerosis. 
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Management 


Therapies that attempt to slow the progression of HIVAN include antiretroviral therapy and 
renin-angiotensin-aldosterone system inhibition with ACE inhibitors and ARBs. Limited 
evidence suggests a possible benefit of high-dose corticosteroids; however, the benefit of these 
interventions should be weighed against the risks of infection. HAART is typically used in this 
setting and helps to delay kidney disease progression. Patients with HIV infection also are 
eligible for kidney transplantation. 
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Hepatitis B Virus—Associated Kidney Disease 


e Membranous Nephropathy 
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Membranous Nephropathy 


Lamivudine therapy results in improved kidney outcome in patients with hepatitis B virus 
infection—induced membranous nephropathy who have a urine protein-creatinine ratio greater 
than 3 mg/mg. This therapy helps to decrease proteinuria and stop progression to ESKD 
independent of blood pressure control. Potential resistance to lamivudine therapy because of 
YMDD mutations of hepatitis B virus may require use of other, potentially nephrotoxic, agents 
such as adefovir. Patients with hepatitis B virus infection—induced membranous nephropathy 
have a worse kidney prognosis than those with idiopathic membranous nephropathy. 
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Diseases That Cause the Nephritic Syndrome 


IgA Nephropathy 
Membranoproliferative Glomerulonephritis 


Hepatitis C Virus—Associated Kidney Disease 

Hepatitis B Virus—Associated Kidney Disease 
Poststreptococcal Glomerulonephritis 

Lupus Nephritis 

Anti—Glomerular Basement Membrane Antibody Disease 
Small- and Medium-Vessel Vasculitis 


Thrombotic Microangiopathy 
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IgA Nephropathy 


e Pathophysiology and Epidemiology 
e Clinical Manifestations and Evaluation 


e Management 
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Pathophysiology and Epidemiology 


IgA nephropathy is the most common cause of glomerulonephritis worldwide. In the United 
States, approximately 5% of all kidney biopsies and 10% of biopsies of patients with 


glomerulonephritis reveal IgA nephropathy. IgA nephropathy is rare in black patients but 
common in American Indian individuals. 


IgA nephropathy is caused by defective mucosal immunity in which IgA molecules react to as- 
yet unidentified antigens. These IgA antibodies are abnormally glycosylated and are therefore 
not effectively removed by the reticuloendothelial system. Once deposited, these immune 
complexes incite an inflammatory response that stimulates circulating factors such as platelet- 
derived growth factor that results in mesangial cell proliferation and mesangial matrix expansion. 
IgA nephropathy may have a genetic propensity, but most cases are sporadic. 
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Clinical Manifestations and Evaluation 


IgA nephropathy may only involve the kidney or occur as part of a syndrome that includes skin 
or liver disease as well as other disorders such as inflammatory bowel disease; celiac disease; 
ankylosing spondylitis; and infections. IgA nephropathy also may develop in patients with 
Henoch-Schonlein purpura. 


Approximately 30% to 40% of patients with IgA nephropathy present with an episode of 
macroscopic or gross hematuria that is usually associated with a concomitant pharyngitic or 
gastrointestinal infection. Complete resolution of hematuria in these patients is usually associated 
with infrequent disease recurrence, prolonged periods of disease quiescence, and excellent long- 
term prognosis. 


Approximately 40% of patients with IgA nephropathy have persistent asymptomatic microscopic 
hematuria and proteinuria. In this setting, hypertension is much more common, kidney function 
impairment develops over time, and remission is rare. Some patients with IgA nephropathy 
present with the nephrotic syndrome caused by either diffuse proliferative glomerulonephritis or, 
rarely, the presence of a concomitant unrelated glomerulopathy such as minimal change disease. 
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Management 


Conservative management with an ACE inhibitor or an ARB is indicated for patients with IgA 
nephropathy who have good prognostic indicators such as normal kidney function, normal blood 
pressure, and a urine protein-creatinine ratio less than 1 mg/mg. Those with more progressive 
disease who have elevated serum creatinine levels should receive pulse corticosteroid therapy or, 
if kidney insufficiency is present, corticosteroids and an alkylating agent. 


Fish oil supplementation has been reported to be somewhat beneficial in IgA nephropathy. 
However, meta-analyses of published studies have concluded that only minor benefits are likely. 
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Membranoproliferative Glomerulonephritis 


Pathophysiology and Epidemiology 
Clinical Manifestations 
Classification 

Management 

Prognosis 
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Pathophysiology and Epidemiology 


Idiopathic membranoproliferative glomerulonephritis is a relatively uncommon cause of 
glomerulonephritis that usually manifests as a nephritic syndrome with hematuria and mild to 
moderate proteinuria. This condition is caused by immune complex deposition in the glomeruli; 
mesangial and endothelial cell proliferation; expansion of the mesangial matrix; thickening of the 
peripheral capillary walls by subendothelial immune and/or intramembranous dense deposits; 
and mesangial cell interposition into the capillary wall, which causes thickening of the GBM on 
light microscopy. 


Membranoproliferative glomerulonephritis is most often associated with autoimmune diseases 


such as SLE or Sjögren syndrome, infections such as hepatitis C virus or poststreptococcal or 
infective endocarditis, or certain malignancies. 
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Clinical Manifestations 


Membranoproliferative glomerulonephritis frequently manifests as glomerular hematuria, which 
is suggested by dysmorphic erythrocytes and erythrocyte casts seen on urinalysis. However, 
some patients may not have evidence of glomerular hematuria, and the urine protein-creatinine 
ratio can range from less than 1.5 mg/mg to nephrotic-range proteinuria. Additional findings 
include a low C3 level with a normal C4 level. 
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Classification 


Type I membranoproliferative glomerulonephritis is the most commonly diagnosed form of this 
disease. Type I membranoproliferative glomerulonephritis can be a primary disorder or occur 
secondary to hepatitis B or C virus infection (with or without mixed cryoglobulinemia), mixed 
cryoglobulinemia, SLE, poststreptococcal infection, or infective endocarditis. Affected patients 
have immune deposits in the mesangium and subendothelial space. 


Type I membranoproliferative glomerulonephritis rarely occurs in adults. This condition is 
usually diagnosed in children between 4 and 15 years of age who present with hematuria 
accompanied by proteinuria, acute nephritic syndrome, or the nephrotic syndrome. Drusen 
deposition in the retina and acquired partial lipodystrophy also may be present. Kidney biopsy 
reveals dense ribbon-like deposits along the basement membrane, tubules, and Bowman’ s 
capsule of the kidneys; because of these findings, type II membranoproliferative 
glomerulonephritis also is known as dense deposit disease. 


Type UI membranoproliferative glomerulonephritis is a disorder in which the immune 
complexes are located on the subepithelial and subendothelial aspects of the GBM. This 
condition may occur as an inherited disorder. 
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Management 


Idiopathic membranoproliferative glomerulonephritis regardless of type has been treated with 
corticosteroids and other immunosuppressive agents, antiplatelet agents, anticoagulants, 
antithrombolytic agents, plasmapheresis, and plasma exchange. The two main treatment 
approaches have been corticosteroids and antiplatelet agents, but the efficacy of these approaches 
has not been adequately evaluated. 


Treatment of the underlying disorder is an effective means of managing patients with secondary 
membranoproliferative disease. When membranoproliferative glomerulonephritis is associated 
with hepatitis C virus infection, pegylated interferon-alfa 2a and ribavirin therapy may decrease 
proteinuria and improve kidney function. 
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Prognosis 


More than 50% of patients with idiopathic membranoproliferative glomerulonephritis progress to 
ESKD. Poor prognostic signs include nephrotic-range proteinuria, kidney insufficiency, 
hypertension, and the presence of crescents or tubulointerstitial disease on biopsy. Patients with 
asymptomatic hematuria, proteinuria, and focal abnormalities on kidney biopsy tend to have a 
better prognosis. 
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Hepatitis C Virus—Associated Kidney Disease 


e Clinical Manifestations 
e Management 
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Clinical Manifestations 


Hepatitis C virus—associated kidney disease most often manifests as membranoproliferative 
glomerulonephritis and mixed cryoglobulinemia. 


Mesangioproliferative glomerulonephritis also may be associated with cryoglobulinemia in 
patients with hepatitis C virus infection. In the absence of cryoglobulins, patients with hepatitis C 
virus infection may develop membranous glomerulonephropathy and polyarteritis nodosa that 
may be associated with hypocomplementemia. 


Hypertension is present in 25% to 75% of patients with membranoproliferative 
glomerulonephritis and cryoglobulinemia, and edema is present in most patients. Nephritic 
sediment is common in these patients, whereas nephrotic-range proteinuria occurs in 
approximately 20% of patients. 


Rapidly progressive glomerulonephritis develops in 20% of patients with membranoproliferative 
glomerulonephritis and cryoglobulinemia, but terminal kidney disease is rare. Patients with 
active hepatitis C virus infection and cardiovascular disease tend to have a poor prognosis. 
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Management 


Treatment of hepatitis C virus infection includes antiviral therapy with interferon alfa or 
pegylated interferon. The addition of ribavirin to these agents has been shown to improve kidney 
outcome in patients with membranoproliferative glomerulonephritis associated with hepatitis C 
virus infection and mixed cryoglobulinemia, but treatment response is decreased in those with 
advanced kidney failure. In addition, ribavirin-induced hemolytic anemia may develop in 
patients with poor kidney function and requires treatment with iron and erythropoietin. 
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Hepatitis B Virus—Associated Kidney Disease 


e Polyarteritis Nodosa 
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Polyarteritis Nodosa 


Only 1% to 5% of patients with hepatitis B virus infection have polyarteritis nodosa, but 30% of 
patients with polyarteritis nodosa have hepatitis B virus infection. Patients with hepatitis B virus 
infection and polyarteritis nodosa usually demonstrate complement activation. Clinical features 
include hypertension, variable kidney insufficiency, and occasionally kidney infarction bleeding 
caused by renal artery microaneurysm rupture. Urinalysis may show hematuria and subnephrotic 
proteinuria. 


Approximately 50% of patients treated with interferon alfa and plasma exchange experience 
eradication of hepatitis B virus and resolution of polyarteritis nodosa. Combination therapy with 
prednisolone, interferon alfa, and lamivudine is effective in 70% to 100% of patients with 
hepatitis B virus—associated polyarteritis nodosa. 
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Poststreptococcal Glomerulonephritis 


Poststreptococcal glomerulonephritis initially manifests as sudden-onset edema, hematuria, and 
kidney insufficiency that develop 2 or 3 weeks after the onset of streptococcal pharyngitis or 
cellulitis. Hypertension and acute kidney insufficiency also may develop but rapidly resolve. 
Diuresis begins within 1 week, and kidney function returns to baseline after 3 or 4 weeks. Most 
patients, particularly children, achieve complete clinical resolution after an initial episode. 


Some patients with severe glomerular damage have persistent proteinuria and hypertension that 
require long-term therapy. Repeated episodes of poststreptococcal glomerulonephritis are rare 
and are probably caused by antibodies to the nephritogenic streptococcal antigen. 


Approximately 70% of patients with poststreptococcal glomerulonephritis have elevated 
antistreptolysin O antibody titers, and 90% of patients with this condition have anti-DNAse B 
antibodies. Testing for both of these antibodies is the most effective method of diagnosing 
poststreptococcal glomerulonephritis. 


Therapy is supportive, and these patients usually do not require immunosuppressive therapy. 


PreviousNext 


Lupus Nephritis 


e Clinical Manifestations and Diagnosis 
e Management 
e Prognosis 
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Clinical Manifestations and Diagnosis 


Kidney biopsy results in patients with World Health Organization (WHO) class I or II lupus 
nephritis may be normal or reveal minimal mesangial deposits or a mesangioproliferative 
glomerulonephritis. These patients typically have hematuria and/or proteinuria and usually do 
not have kidney insufficiency. Class III or IV disease is associated with focal or diffuse nephritis 
and manifests as acute nephritis with hematuria and proteinuria. Typically, erythrocyte casts are 
seen on urinalysis. Depending on the number of glomeruli involved, these patients also may have 
kidney insufficiency. Patients with membranous lupus nephritis (class V) typically have 
proteinuria that is within the nephrotic range. Those with class VI disease have lesions restricted 
to the tubulointerstitial space with inflammatory infiltrates. 
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Management 


Disease severity should determine treatment in lupus nephritis. Class I and II disease is generally 
associated with an excellent prognosis, and immunosuppressive therapy in these patients is not 
indicated unless the disease progresses. Six consecutive months of once-monthly intravenous 
cyclophosphamide therapy with additional cyclophosphamide therapy administered every 3 
months for up to 2 years has been shown to provide long-term improvement in kidney function 
in patients with class II and IV disease. Prednisone alone does not provide equivalent kidney 
protection over a 10-year period. 


Because cyclophosphamide is associated with severe side effects, including major infection, 
mutagenesis, and premature ovarian failure in women, alternative therapies are under 
investigation. As induction therapy, mycophenolate mofetil appears equivalent to intravenous 
cyclophosphamide in patients with diffuse proliferative glomerulonephritis. Furthermore, 
mycophenolate mofetil has been shown to be superior to intravenous cyclophosphamide in 
maintaining disease remission when intravenous cyclophosphamide was used for 6 months for 
induction, followed by either mycophenolate mofetil, azathioprine, or intravenous 
cyclophosphamide for a period of up to 48 months. 


Mycophenolate mofetil and azathioprine also were superior in maintaining remission with fewer 
side effects compared with intravenous cyclophosphamide. However, disease recrudescence is 


significantly more common after discontinuation of mycophenolate mofetil than after 
intravenous cyclophosphamide. Finally, whether these less-toxic therapies prevent ESKD over 
decades of use remains uncertain. 


Multiple monoclonal antibody therapies have been instituted in patients with class III and IV 
lupus nephritis with variable success. Rituximab in particular had shown promise in patients with 
class III or IV lupus nephritis resistant to cyclophosphamide therapy, but recent clinical trials 
have not demonstrated a significant therapeutic benefit. 
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Prognosis 


The following factors help to determine outcome in patients with lupus nephritis: poor kidney 
function at the time of presentation; the severity of disease found on kidney histology; the 
presence of interstitial fibrosis, which indicates scarring; and the presence of crescents, which 
indicate active, aggressive glomerulonephritis. In addition, black race is an independent predictor 
of ESKD in patients with class IV disease. 
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Anti-Glomerular Basement Membrane Antibody Disease 


Pathophysiology and Epidemiology 
Clinical Manifestations 
Management 

Prognosis 
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Pathophysiology and Epidemiology 


Anti-GBM antibody disease is caused by antibodies to a noncollagenous portion of type IV 
collagen. This condition may involve only the kidneys or both the kidneys and the lungs. The 
pulmonary-kidney presentation of anti-GBM antibody disease is known as Goodpasture 
syndrome and typically affects young men, whereas older women typically have involvement of 
only the kidneys. 
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Clinical Manifestations 

Rapidly progressive glomerulonephritis is the most common feature of anti-GBM antibody 
disease. Approximately 70% of patients with Goodpasture syndrome have alveolar hemorrhage. 
Clinical manifestations of this condition include dyspnea and cough. Approximately 30% of 


patients with Goodpasture syndrome have ANCA-associated vasculitis that may involve sites 
outside of the lungs and kidneys, and relapse is common in this setting. 
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Management 
Corticosteroids and cyclophosphamide are indicated to induce disease remission in patients with 
anti-GBM antibody disease. Because relapse rarely occurs, cyclophosphamide may be 


discontinued after 3 to 6 months. In addition, pulmonary hemorrhage is a medical emergency 
requiring immediate plasmapheresis to remove the causative antibody. 
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Prognosis 
The promptness of therapy and the serum creatinine level at the time of diagnosis largely 
determine patient and kidney survival. Patients who require dialysis or who have a serum 


creatinine level greater than 5 to 6 mg/dL (442 to 530 umol/L) have a significantly lower chance 
of kidney survival than those with normal kidney function. 
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Small- and Medium-Vessel Vasculitis 
e Clinical Manifestations 


e Diagnosis 
e Management 
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Clinical Manifestations 


Kidney disease in patients with systemic vasculitis frequently manifests as a rapidly progressive 
glomerulonephritis and is usually diagnosed approximately 15 months after the onset of 


symptoms. Small-vessel kidney vasculitides include Wegener granulomatosis, microscopic 
polyangiitis, and Churg-Strauss syndrome. Patients with these conditions usually present with 
nonspecific signs and symptoms such as weight loss, decreased appetite, polymyalgia, 
hematuria, and proteinuria. More than 90% of patients with microscopic polyangiitis have kidney 
involvement, and older patients are more likely to have severe kidney vasculitis. Vasculitis of the 
medium-sized vessels includes polyarteritis nodosa and typically causes ischemia of the tissues 
supported by the involved vessels. 


Extrarenal involvement in patients with these vasculitides may occur in any organ system. 
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Diagnosis 


Diagnosis of Wegener granulomatosis or microscopic polyangiitis involves antibody assays and 
kidney biopsy. Most patients are ANCA positive. Antiproteinase-3 (anti-PR3) antibodies are 
usually detected in patients with Wegener granulomatosis, whereas antimyeloperoxidase (anti- 
MPO) antibodies are usually found in those with microscopic polyangiitis. Serial ANCA testing 
should not be used to monitor disease activity or to guide treatment decisions in patients with 
Wegener granulomatosis. 


To establish a diagnosis of Wegener granulomatosis, microscopic polyangiitis, polyarteritis 
nodosa, or Churg-Strauss syndrome with kidney involvement, kidney biopsy must reveal the 
presence of a necrotizing crescentic glomerulonephritis or necrotizing vasculitis of microscopic 
vessels such as the small arteries, arterioles, capillaries, or venules. 
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Management 


A study performed by the European Vasculitis Study Group showed that patients with severe 
Wegener granulomatosis who underwent plasma exchange in addition to immunosuppressive 
therapy with daily cyclophosphamide and high-dose oral methylprednisolone had a 24% risk 
reduction for progression to ESKD compared with those who received immunosuppressive 
therapy alone. 


Combination therapy with cyclophosphamide and high-dose corticosteroids results in remission 
in 75% to 90% of patients with microscopic polyangiitis—related kidney disease at 6 months. 
However, elderly patients may have a poorer prognosis because of medication-related side 
effects and complications such as infection. 


At 5 years, relapse occurs in approximately 33% of patients with microscopic polyangiitis and is 
significantly more likely in patients with anti-PR3 antibodies or upper and/or lower respiratory 


tract disease. Therefore, maintenance therapy with agents such as aspirin, methotrexate, or 
leflunomide and mycophenolate motefil is indicated. New alternative therapies that may be 
effective include rituximab, N-acetylcysteine, and tumor necrosis factor-a inhibitors and may 
permit reduction in other strong immunosuppressive therapies. 


Indefinite follow-up is recommended for patients with microscopic polyangiitis, with continued 
ANCA positivity a predictor of relapse. Furthermore, plasma exchange may delay or eliminate 

the need for dialysis in patients with microscopic polyangiitis—related kidney disease who have 
undergone induction therapy and are now on maintenance therapy. 


The 1-year survival rate of patients with ANCA-associated glomerulonephritis is 73% to 76%. In 
addition, serious adverse events develop in approximately 50% of patients treated for small- and 
medium-vessel vasculitis. 


More than 80% of patients with Churg-Strauss syndrome or polyarteritis nodosa achieve 
remission with appropriate therapy. Immunosuppressive therapy benefits these patients. 
Corticosteroids alone can be used in patients without poor prognostic factors with 
immunosuppressive agents added in case of treatment failure. However, most patients require 
combination therapy with corticosteroids and immunosuppressive agents, particularly pulse 
cyclophosphamide. Adjuvant therapy with plasma exchange also is indicated for patients with 
severe kidney involvement. Once remission is achieved, maintenance therapy with at least 18 
months of azathioprine or methotrexate can replace cyclophosphamide. 
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Thrombotic Microangiopathy 


Thrombotic microangiopathy is a clinical syndrome that affects multiple organ systems but is 
always characterized by thrombocytopenia and microangiopathic hemolytic anemia. Thrombotic 
microangiopathy may manifest as thrombotic thrombocytopenic purpura (TTP) or hemolytic- 
uremic syndrome (HUS). 
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Pathophysiology and Clinical Manifestations 


Patients with TTP often have increased levels of ultra-large von Willebrand factor multimers, 
which bind to platelets and induce platelet agglutination. Normally, these multimers are not 
present in the circulation because of cleavage by the von Willebrand factor—cleaving protease 
ADAMTS13. Most patients with TTP have a severe deficiency of ADAMTS13. Although most 
cases of TTP are idiopathic, some patients have an associated disease known to cause TTP; for 
example, TTP is present in 5% of patients with disseminated malignancy. 


HUS is usually caused either by infection with Shiga toxin—producing Escherichia coli or by 
complement dysregulation caused by genetic mutations. Rarely, HUS develops in the postpartum 
period in women who have had preeclampsia antepartum. In children, this condition usually 
develops after a diarrheal illness. HUS commonly manifests as acute kidney injury accompanied 
by thrombocytopenia and microangiopathic hemolytic anemia. 


TTP and HUS may be accompanied by other manifestations, including neurologic abnormalities, 
kidney dysfunction, and fever; however, the presence of only microangiopathic hemolytic 
anemia and thrombocytopenia without another apparent cause is considered a sufficient criterion 
for institution of treatment. Patients with TTP generally have a higher incidence of neurologic 
symptoms, whereas patients with HUS have a higher incidence of kidney involvement. 
Nevertheless, these conditions have considerable clinical overlap (see Thrombotic 
Microangiopathies in MKSAP 15 Hematology and Oncology). 
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Management and Prognosis 


Empiric plasma exchange therapy is indicated for patients with a clinical presentation compatible 
with thrombotic microangiopathy. Patients with untreated TTP have a mortality rate above 85%, 
whereas those who undergo plasma exchange have a mortality rate between 10% and 30%. 


In patients with TTP, the identification of severe ADAMTS 13 deficiency is predictive of 
relapse. For patients with HUS not associated with diarrhea, identification of mutations in factor 
H and I and membrane cofactor protein is important for predicting response to kidney 
transplantation once kidney failure occurs. 
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Genetic Disorders and Kidney Disease 


Cystic Disorders 
Noncystic Disorders 


Key Points 


Kidney manifestations of autosomal-dominant polycystic kidney disease include kidney 
enlargement, back and flank pain, kidney stones, urinary tract infections, hypertension, 
hematuria, and mild proteinuria. 

Extrarenal manifestations of autosomal-dominant polycystic kidney disease include cysts 
of the liver, pancreas, spleen, thyroid, seminal vesicles, and arachnoidea mater as well as 
intracranial aneurysms. 

Ultrasonography is the imaging method of choice for diagnosing autosomal-dominant 
polycystic kidney disease. 

Patients with autosomal-dominant polycystic kidney disease should be treated to a blood 
pressure target of less than 125/75 mm Hg using an angiotensin-converting enzyme 
inhibitor or angiotensin receptor blocker. 

The treatment of cyst infection in patients with autosomal-dominant polycystic kidney 
disease requires antibiotics that are capable of penetrating cysts, including 
fluoroquinolones, chloramphenicol, and trimethoprim-sulfamethoxazole; this therapy 
should be continued for at least 2 to 4 weeks. 

Hepatic fibrosis and portal hypertension predominate the clinical picture in patients with 
autosomal-recessive polycystic kidney disease in their second and third decades of life. 
Hypertension in patients with autosomal-recessive polycystic kidney disease should be 
treated with salt restriction and an angiotensin-converting enzyme inhibitor. 

Kidney angiomyolipomas may develop in patients with tuberous sclerosis and are 
detected via CT or MRI. 

Rapamycin and arterial embolization may help treat kidney angiomyolipomas in patients 
with tuberous sclerosis. 

Alport syndrome commonly manifests as nephrotic-range proteinuria and progressive 
kidney insufficiency and may cause sensorineural hearing loss and visual abnormalities. 


e Thin basement membrane nephropathy, also known as benign familial hematuria, initially 
manifests during childhood and is characterized by microscopic or gross hematuria. 

e Clinical manifestations of Fabry disease include mild proteinuria, slow deterioration in 
kidney function, cutaneous angiokeratomas, painful paresthesias of the hands, and 
premature coronary artery disease. 

e Intravenous replacement with recombinant human a-galactosidase A is effective in 
treating Fabry disease. 
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Cystic Disorders 


e Autosomal-Dominant Polycystic Kidney Disease 
e Autosomal-Recessive Polycystic Kidney Disease 


e Tuberous Sclerosis 
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Autosomal-Dominant Polycystic Kidney Disease 


Autosomal-dominant polycystic kidney disease (ADPKD) is the most common heritable kidney 
disease. This condition is caused by mutations in PKD/ or PKD2 genes; disease caused by 
mutations in the PKD/ gene is more common and has a more severe course than that caused by 
PKD2 gene mutations. The hallmark of ADPKD is gradual kidney cyst growth that results in 
massive kidney enlargement, which leads to loss of kidney function. 
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Clinical Manifestations 


Kidney manifestations of ADPKD include massive kidney enlargement, back and flank pain, 
kidney stones, urinary tract infections, hypertension, and hematuria. Proteinuria in patients with 
ADPKD is associated with a greater risk for end-stage kidney disease (ESKD). Overt proteinuria 
is uncommon, and a urine protein-creatinine ratio above 1 mg/mg suggests the presence of 
another kidney disease. Larger kidney size is associated with loss of kidney function, and most 
patients with ADPKD develop kidney failure by the fifth or sixth decade of life. 


Extrarenal manifestations of ADPKD include cysts in the liver, pancreas, spleen, thyroid, 
seminal vesicles, and arachnoidea mater. By age 35 years, most patients with ADPKD have liver 
cysts detectable on MRI, and severe hepatic cystic disease occurs predominantly in women. 
Intracranial aneurysms occur in approximately 5% of these patients, and 50% of these cysts may 


rupture. The most important risk factor for the development of intracranial aneurysms in patients 
with ADPKD is a family member with an intracranial aneurysm. 
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Screening and Diagnosis 


Ultrasonography is the imaging method of choice for diagnosing ADPKD. The number of kidney 
cysts seen on ultrasonography that are required to establish a diagnosis varies based on the 
patient’s age, PKD genotype, and whether a family history of ADPKD is present. 


Simple kidney cysts are rare in patients less than 20 years of age, and the appearance of a single 
cyst in an at-risk individual in this population less than 30 years of age is specific for ADPKD. 
However, more than eight bilateral cysts must be present in individuals older than 60 years of 
age to establish a diagnosis, because simple cysts are common in older patients. 


In individuals 15 to 30 years of age with a family history of a PKD/ mutation, a normal 
ultrasound confers an 80% to 95% likelihood of not inheriting ADPKD; this likelihood increases 
to more than 95% in patients older than 30 years. In individuals 15 to 30 years of age with a 
family history of a PKD2 mutation, a normal ultrasound conveys a 67% likelihood of not 
inheriting ADPKD. Genetic testing also is helpful, particularly during early disease when 
imaging studies are less reliable. 


Confirmation of the presence of a mutation in PKD/ or PKD2 via genetic testing in at-risk 
family members is indicated in individuals less than 30 years of age considering kidney 
donation, if clinical and radiologic diagnosis is uncertain, or if desired for family planning. 
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Management 


Hypertension in patients with ADPKD is common, develops early, and is associated with poor 
kidney outcomes. The blood pressure target in patients with ADPKD is less than 125/75 mm Hg. 
An angiotensin-converting enzyme inhibitor or angiotensin receptor blocker should be used as 
first-line therapy to achieve this goal. 


Infection of kidney cysts may manifest as flank pain and fever accompanied by a bland 
urinalysis and a negative urine culture. The treatment of cyst infection in patients with ADPKD 
requires antibiotics that are capable of penetrating the cyst, including fluoroquinolones, 
chloramphenicol, and trimethoprim-sulfamethoxazole; therapy should be continued for at least 2 
to 4 weeks. 


Patients with ADPKD who have cyst hemorrhage commonly develop low-grade fever and gross 
hematuria. These episodes are most often self-limited, and bed rest and increased fluid intake 
shorten the duration of gross hematuria. Cyst hemorrhage in the absence of gross hematuria is 
often painful due to acute cyst expansion. 

Approximately 25% of patients with ADPKD have kidney stones and are associated with 


microscopic hematuria; flank pain; and, infrequently, fever. The type of stone should determine 
the most appropriate treatment independent of the presence of ADPKD (see Kidney Stones). 
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Autosomal-Recessive Polycystic Kidney Disease 


Autosomal-recessive polycystic kidney disease (ARPKD) is a rare condition that manifests in 
infancy and typically causes kidney failure within the first two decades of life. 
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Clinical Manifestations 


Tubular dilatation is the hallmark of ARPKD and is associated with massive kidney enlargement 
at birth, abdominal masses, and respiratory distress. Difficult-to-control hypertension and growth 
retardation also are common. 


Congenital hepatic fibrosis is a universal feature of ARPKD, and hepatic fibrosis and portal 
hypertension predominate the clinical picture in patients in their second and third decades of life. 
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Management 


Hypertension in patients with ARPKD should be treated with salt restriction and an angiotensin- 
converting enzyme inhibitor, and dialysis should be considered when needed. Patients with 
ARPKD are candidates for kidney or combined liver and kidney transplantation, as indicated. 
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Tuberous Sclerosis 


e Diagnosis 


e Management 
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Diagnosis 


Tuberous sclerosis is an autosomal-dominant disorder caused by mutations in the TSC/ and 
TSC2 genes. A definitive diagnosis of tuberous sclerosis entails the presence of any two major 
features or one major feature and two minor features (Table 24). Kidney angiomyolipomas occur 
in 70% to 80% of affected patients and are detected by CT or MRI based on their fat content. 
Complications of these lesions include pain and hemorrhage and commonly occur once lesions 
reach 4 cm (1.6 in) in diameter. Hemorrhage from these lesions is the most common cause of 
kidney failure and death in adults with tuberous sclerosis. 


Table 24. Revised Diagnostic Criteria for Tuberous Sclerosis 
Complex 


Major Features 
. Facial angiofibromas or forehead plaque 
. Nontraumatic ungual or periungual fibroma 
. Hypomelanotic macules (three or more) 
. Shagreen patch (connective tissue nevus) 
. Multiple retinal nodular hamartomas 
. Cortical tuber* 
. Subependymal nodule 
. Subependymal giant cell astrocytoma 
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. Cardiac rhabdomyoma, single or multiple 
10. Lymphangiomyomatosis” 
11. Renal angiomyolipoma” 
Minor Features 
. Multiple, randomly distributed pits in dental enamel 
. Hamartomatous rectal polyps“ 
. Bone cysts? 
. Cerebral white matter radial migration lines®®° 
. Gingival fibromas 
. Nonrenal hamartoma® 
. Retinal achromic patch 
. “Confetti” skin lesions 
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. Multiple renal cysts® 


Definite Tuberous Sclerosis Complex 

Either two major features or one major feature plus two minor features 
Probable Tuberous Sclerosis Complex 

One major plus one minor feature 
Possible Tuberous Sclerosis Complex 

Either one major feature or two or more minor features 


“When cerebral cortical dysplasia and cerebral white matter migration tracts occur together, they 
should be counted as one rather than two features of tuberous sclerosis. 


When both lymphangiomyomatosis and renal angiomyolipomas are present, other fea-tures of 
tuberous sclerosis should be present before a definite diagnosis is assigned. 


“Histologic confirmation is suggested. 
“Radiographic confirmation is sufficient. 


“One panel member (M.R.G.) felt strongly that three or more radial migration lines should 
constitute a major sign. 


Reprinted with permission from Roach ES, Gomez MR, Northrup H. Tuberous sclerosis 


complex consensus conference: revised clinical diagnostic criteria. J Child Neurol. 
1998;13(12):624-628. [PMID: 9881533] Copyright Sage Publications, 1998. 
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Management 
Case reports have demonstrated significant reductions in kidney angiomyolipomas over a short 
period of time with use of rapamycin. Arterial embolization is a frequently used kidney-sparing 


measure to reduce the size of kidney angiomyolipomas, and successful embolization prevents 
regrowth of these tumors. 
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Noncystic Disorders 


Noncystic genetic diseases of the kidney primarily affect the glomerular basement membrane, 
transportation of fluid and electrolytes, and deposition of sphingomyelin compounds. 
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Alport Syndrome 


Alport syndrome, also known as hereditary nephritis, is an X-linked disorder in approximately 
80% of patients and an autosomal-recessive disorder in about 10% of patients. Mutations in the 
a5 chain of type IV collagen on chromosome Xq22 cause the X-linked, or classic, form of this 
disease, whereas mutations in the a3 and a4 chains of type IV collagen cause the autosomal- 
recessive form. 


Alport syndrome commonly manifests as nephrotic-range proteinuria and progressive kidney 
insufficiency. Disruption in the basement membrane of the middle ear and the ocular lenses also 
causes sensorineural hearing loss and visual abnormalities associated with anterior lenticonus. 


Men with Alport syndrome develop hematuria, proteinuria, and progressive chronic kidney 
disease early, usually in the second or third decade of life. Women with X-linked Alport 
syndrome have a milder disease course that usually manifests as microscopic hematuria. Age of 
onset of ESKD is highly variable in women and can be in the fifth or sixth decade of life. 


The lack of normal a5 type IV collagen on skin biopsy is diagnostic of Alport syndrome in 
affected men; however, in affected women, the presence of a5 type IV collagen is less consistent 
due to lyonization of the X chromosome and is therefore less accurate. 
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Thin Basement Membrane Nephropathy 


Thin basement membrane nephropathy, also known as benign familial hematuria, is an inherited 
disorder caused by mutations in the a3 and a4 chains of type IV collagen. Unlike Alport 
syndrome, thin basement membrane nephropathy usually does not cause kidney failure. This 
condition usually initially manifests during childhood and is characterized by microscopic or 
gross hematuria, and a family history of hematuria is suggestive of the condition. 
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Fabry Disease 


Fabry disease is an X-linked disorder caused by deficiency of the a-galactosidase A enzyme. 
This condition causes globotriaosylceramide to accumulate in multiple tissues throughout the 
body. 


Clinical manifestations of Fabry disease include mild nephrotic-range proteinuria, slow 
deterioration in kidney function, cutaneous angiokeratomas, painful paresthesias of the hands, 


and premature coronary artery disease. Progression to ESKD during the third or fourth decade of 
life is the most common complication in affected men and the primary cause of premature death 
in all patients with Fabry disease. 


Biochemical or genetic screening for Fabry disease is recommended for family members of 
affected patients. Intravenous replacement with recombinant human a-galactosidase A is 
effective in treating Fabry disease. 
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Acute Kidney Injury 


Pathophysiology and Epidemiology 
Clinical Manifestations and Evaluation 


Classification 
Acute Kidney Injury in Specific Clinical Settings 
Newly Described Nephrotoxic Acute Kidney Injury 


Key Points 


Acute kidney injury is a common condition characterized by an abrupt decline in kidney 
function that occurs over hours to days. 

Risk factors for acute kidney injury include preexisting chronic kidney disease, diabetic 
nephropathy, heart failure, liver disease, hypovolemia, and age over 50 years. 

Evaluation of patients with suspected acute kidney injury should include a history of 
nephrotoxic exposures. 

Kidney ultrasonography is indicated for all patients with acute kidney injury, and kidney 
biopsy should be considered when the diagnosis remains unclear after excluding prerenal 
and postrenal disease. 

Physical examination findings consistent with extracellular fluid volume depletion are 
absent in up to 50% of patients with prerenal azotemia, and this condition may develop in 
patients with normal or increased extracellular fluid volume. 


Acute tubular necrosis usually occurs after a sustained period of ischemia or exposure to 
nephrotoxic agents and is most commonly associated with muddy brown casts on 
urinalysis and a fractional excretion of sodium above 2%. 

Contrast-induced nephropathy is characterized by an increase in the serum creatinine 
level 24 to 48 hours after contrast administration and is usually associated with recovery 
of normal kidney function in | to 2 weeks. 

The most effective intervention to decrease the incidence and severity of contrast-induced 
nephropathy is volume expansion with either isotonic saline or sodium bicarbonate. 
Rhabdomyolysis most commonly develops after exposure to myotoxic drugs, infection, 
excessive exertion, or prolonged immobilization. 

Expansion of the extracellular fluid volume with isotonic saline is the most effective 
intervention to limit nephrotoxicity in patients with rhabdomyolysis. 

Urinalysis findings in patients with acute interstitial nephritis may include leukocyte 
casts, eosinophils, and a protein-creatinine ratio below 2.5 mg/mg. 

Acute kidney injury in patients with scleroderma renal crisis often improves after 
angiotensin-converting enzyme inhibitor therapy. 

Urinary tract obstruction should be strongly suspected in patients with acute kidney 
injury who have known obstructive prostatic disease or pelvic malignancy and may 
manifest as significantly decreased urine output or polyuria. 

Kidney ultrasonography in most patients with urinary tract obstruction reveals 
hydronephrosis. 

Patients with acute kidney injury caused by urinary tract obstruction have a favorable 
prognosis when obstruction is relieved within 1 week of onset. 

Diagnosis of abdominal compartment syndrome is established in patients who have an 
intravesicular pressure greater than 20 mm Hg as measured through a bladder catheter 
who also have new-onset organ system failure. 

Surgical decompression of the abdomen is usually required in patients with abdominal 
compartment syndrome and often promptly improves kidney function. 

Cardiorenal syndrome refers to kidney dysfunction that develops in the setting of acute 
decompensated heart failure. 

Cholesterol crystal embolization may cause acute kidney injury in patients with aortic 
atherosclerotic plaques and most often develops after angiography or aortic surgery. 
Patients with cholesterol crystal embolization may have cutaneous manifestations, 
abdominal pain, gastrointestinal bleeding, pancreatitis, and retinal artery emboli. 
Management of risk factors such as dyslipidemia and hypertension as well as smoking 
cessation and glycemic control in patients with diabetes are indicated for individuals with 
cholesterol crystal embolization. 

Hepatorenal syndrome manifests as azotemia caused by significantly impaired kidney 
perfusion in patients with worsening liver dysfunction. 

Albumin infusions are recommended for patients with spontaneous bacterial peritonitis to 
decrease the risk of hepatorenal syndrome. 

In patients with suspected hepatorenal syndrome, volume expansion with albumin should 
be performed to assess whether there is a component of prerenal azotemia. 

Vasopressors can be used as adjunctive therapy for patients with hepatorenal syndrome 
until liver transplantation can be performed in eligible patients. 


e Tumor lysis syndrome usually develops after initiation of chemotherapy and occasionally 
occurs spontaneously in patients with a high tumor burden. 

e Allopurinol or off-label usage of rasburicase may help to prevent tumor lysis syndrome in 
at-risk patients. 

e Hydration with isotonic saline is the most appropriate management of tumor lysis 
syndrome, and early intervention with dialysis is indicated in patients who are oliguric or 
have life-threatening hyperkalemia. 

e Inpatients with a negative dipstick urinalysis for protein, sulfosalicylic acid testing of the 
urine may detect light chains and is an important clue to the diagnosis of myeloma cast 
nephropathy. 

e Bisphosphonates should be used with caution in patients with myeloma and kidney 
dysfunction. 

e Patients with HIV infection have an increased risk of acute kidney injury most often 
caused by certain opportunistic infections. 

e Highly active antiretroviral therapy may slow the progression of HIV-associated 
nephropathy and usually does not cause acute kidney injury. 

e Orlistat and intravenous immune globulin therapy using preparations containing additives 
such as sucrose, maltose, and glycine may cause acute kidney injury. 

e Sodium phosphate—containing bowel preparation solutions may cause acute kidney injury 
and should be avoided, particularly because of the availability of safer alternatives such 
as polyethylene glycol electrolyte solution. 
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Pathophysiology and Epidemiology 


Acute kidney injury (AKI), formerly known as acute renal failure, is characterized by an abrupt 
decline in kidney function that occurs over hours to days. Consensus on an operational definition 
of AKI has not yet been reached, but one expert panel recommends the following criteria: an 
absolute increase in the serum creatinine level of 0.3 mg/dL (26.5 umol/L) or above from 
baseline within 48 hours; an increase in the serum creatinine level of 50% or more, or urine 
output less than 0.5 mL/kg/h for more than 6 hours. Risk factors for AKI include preexisting 
chronic kidney disease (CKD), diabetic nephropathy, heart failure, liver disease, hypovolemia, 
and age over 50 years. 


Growing evidence demonstrates that kidney injury associated with little or no change in the 
glomerular filtration rate (GFR) may still cause significant clinical sequelae. AKI is associated 
with an increased risk for mortality up to 90 days post hospital discharge even in patients with 
transient disease associated with a rapid return to baseline kidney function. Recent evidence 
suggests that this condition, independent of the cause, contributes to excess mortality. 
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Clinical Manifestations and Evaluation 


Frequent manifestations of AKI include retention of metabolic waste products such as urea and 
creatinine and failure to regulate the content of the extracellular fluid that may result in 
metabolic acidosis, hyperkalemia, disturbances in body fluid homeostasis, and secondary end- 
organ dysfunction. 


Patients with suspected AKI should undergo a thorough history including evaluation of any 
nephrotoxic exposures such as iodinated contrast agents, NSAIDs, angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin receptor blockers, and cyclooxygenase-2 inhibitors. 
Physical examination should include evaluation of volume status and a search for extrarenal 
manifestations that may suggest a cause of the AKI; for example, the presence of palpable 
purpura is suggestive of a vasculitic cause. 


Analysis of the urine sediment is essential (Figure 14). The fractional excretion of sodium 
(FEn,) also is useful and can be calculated using the following equation: 


FE,,, = [Urine Sodium |/[Serum Sodium] x 100% 


[Urine Creatinine]/[Serum Creatinine | 


In patients with oliguric AKI, a FEn, of less than 1% reflects avid tubular sodium reabsorption 
and suggests a diagnosis of prerenal azotemia in the absence of urine sediment abnormalities. A 
FEna above 2% in these patients should raise suspicion for acute tubular necrosis. However, the 
FEna should be interpreted with caution in patients with preexisting CKD because these 
individuals have a decreased capacity for tubular sodium reabsorption. For example, the FEna 
may be 2% in a patient with CKD with superimposed prerenal azotemia. 


Kidney ultrasonography is indicated for all patients with AKI to define kidney anatomy and 
echogenicity and to exclude hydronephrosis. Patients with underlying kidney parenchymal 
disease usually show increased echogenicity on kidney ultrasonography. 


Kidney biopsy should be considered when the diagnosis remains unclear after excluding prerenal 
and postrenal disease. Biopsy also may be warranted to help guide therapy or provide prognostic 
information. 


Urine sediment Diagnosis Urine dipstick 


Glomerulonephritis 
Minimal change disease p 
Focal segmental 


glomerulosclerosis 


Dysmorphic hematuria 


Oval fat bodies 
Fatty casts 


Leukocyte casts 
Eosinophiluria 


Acute interstitial nephritis 
Urinary tract infection 


Cholesterol emboli 
Minimal abnormalities 


Renal tubular epithelial (few cells, minimal protein) 
cells and casts 


Pigment nephropathy +Blood on dipstick with no 


(rhabdomyolysis with acute A ; 
tubular necrosė |S i 


Drug toxicity 
Urate crystals/calcium 


phosphate crystals 
W Calcium oxalate crystals 
E 


Ethylene glycol 


Orlistat 


hematuria 
Obstructing tumor 
Renal vein thrombosis 
Kidney infarction 


— Protein on dipstick with 
+sulfosalicylic acid assay 


for protein 


Figure 14. Urinalysis findings in acute kidney injury. 


= most common findings; ---- = less common findings. 
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Classification 


e Prerenal Azotemia 
e Intrarenal Disease 
e Postrenal Disease 
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Prerenal Azotemia 


Prerenal azotemia develops when autoregulation of kidney blood flow can no longer maintain 
GFR. This condition generally occurs in patients with a mean arterial pressure below 60 mm Hg 
but may occur at higher pressures in individuals with CKD or in those who take medications that 
can alter local glomerular hemodynamics, such as NSAIDs. 


Patients with prerenal azotemia may have a history of fluid losses and decreased fluid intake 
accompanied by physical examination findings consistent with extracellular fluid volume 
depletion, such as postural hypotension. However, these findings are absent in up to 50% of 
patients with this condition, and prerenal azotemia also may develop in patients with normal or 
increased extracellular fluid volume caused by changes in glomerular hemodynamics. For 
example, patients with heart failure or liver disease have a decreased effective circulating blood 
volume (defined as the part of the circulation that effectively perfuses the tissues and hence the 
kidneys) but may have edema and total body fluid overload. 
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Intrarenal Disease 


Acute Tubular Necrosis 
Contrast-Induced Nephropathy 
Rhabdomyolysis and Pigment Nephropathy 


Acute Interstitial Nephritis 
Thrombotic Microangiopathies 
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Acute Tubular Necrosis 


Acute tubular necrosis is the most common form of intrarenal disease that causes AKI in 
hospitalized patients. Onset of this condition usually occurs after a sustained period of ischemia 
or exposure to nephrotoxic agents. Acute tubular necrosis may resolve over 1 to 3 weeks or 
result in permanent end-stage kidney disease, depending on the duration and severity of the 
ischemic or nephrotoxic insult. 


Urinalysis in approximately 75% of patients with acute tubular necrosis reveals muddy brown 
casts, and most patients have a FEn, above 2% (Figure 15). 


A mean arterial pressure of at least 65 mm Hg is a reasonable target to guide titration of fluid and 
vasopressor agents in most patients with shock and acute tubular necrosis, but a precise target 
has yet to be established in clinical trials. The clinical setting also should help to guide therapy; 
for example, a lower mean arterial pressure may be appropriate for patients with left ventricular 
dysfunction. 


Trials of pharmacologic therapy directed toward ameliorating the severity or hastening recovery 
of acute tubular necrosis have been largely disappointing. Low-dose dopamine has been shown 
to have no benefit in improving outcomes or mortality. Two small pilot studies showed that 
fenoldopam may help to ameliorate early acute kidney dysfunction but require further validation. 
Loop diuretics are of no benefit in preventing AKI or improving outcomes in oliguric patients, 
but diuretic agents are a useful adjunct in the management of fluid overload and hyperkalemia 
complicating acute tubular necrosis before initiation of dialysis. 


A 2007 study showed that approximately 81% of surviving patients with acute tubular necrosis 
who had preexisting normal kidney function and no longer required dialysis at discharge had 
well-preserved kidney function at 7-year follow-up. However, patients with acute tubular 
necrosis associated with multiorgan failure have a 50% to 80% mortality rate. 


Figure 15. Muddy brown casts seen on urine microscopy in a 
patient with acute tubular necrosis. 
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Contrast-Induced Nephropathy 


Pathophysiology and Epidemiology 
Risk Factors 


Primary Prevention 
Alternatives to Iodinated Contrast Agents 
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Pathophysiology and Epidemiology 


Contrast-induced nephropathy is characterized by an increase in the serum creatinine level 24 to 
48 hours after contrast administration. Most patients with contrast-induced nephropathy have 
nonoliguric kidney injury with recovery of kidney function within | to 2 weeks. 
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Risk Factors 


Patients undergoing coronary angiography who have a serum creatinine level of 1.5 mg/dL 
(132.6 umol/L) or higher or a GFR below 60 mL/min/1.73 m? have the greatest risk of 
developing contrast-induced nephropathy, especially if concurrent diabetes mellitus is present. 
Additional risk factors for contrast-induced nephropathy also have been identified, and a tool to 
calculate a patient’s risk for developing this condition is available at www.zunis.org/Contrast- 
Induced%20Nephropathy%20Calculator2.htm. 
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Primary Prevention 


The most effective intervention to decrease the incidence and severity of contrast-induced 
nephropathy is volume expansion with either isotonic saline or sodium bicarbonate (Figure 16). 


The Contrast-Induced Nephropathy Consensus Working Panel specifically recommends that 
patients receive isotonic crystalloid at a rate of 1.0 to 1.5 mL/kg/h for 3 to 12 hours before 
contrast is administered, continuing for 6 to 24 hours afterward. Numerous small studies have 
shown superior outcomes with isotonic sodium bicarbonate compared with isotonic saline, but a 
recent well-powered randomized controlled trial demonstrated no advantage of isotonic sodium 
bicarbonate over isotonic saline. 


Before contrast administration, NSAIDs and metformin should be discontinued. Metformin can 
cause lactic acidosis in patients with kidney insufficiency. Patients with stable kidney function 
who have undergone long-term use of ACE inhibitors or angiotensin receptor blockers may 
continue these agents. Whether N-acetylcysteine therapy prevents contrast-induced nephropathy 
is uncertain, but this agent has a relatively favorable risk profile and can be considered in high- 
risk patients. 


Finally, use of either low-osmolar (500 to 850 mosm/kg) or iso-osmolar (approximately 290 
mosm/kg) nonionic contrast agents is associated with a lower risk of contrast-induced 
nephropathy in high-risk patients. 


= Assess contrast-induced 
nephropathy 

= Calculate eGFR 

* Discontinue metformin 

= Discontinue NSAIDs 


eGFR <30 mL/min/1.73 m? eGFR = 31 to 60 mL/min/1.73 m? eGFR >60 mL/min/1.73 m? 


=Same strategies as eGFR 
31 to 60 mL/min/1.73m 


= Consider hospitalization 
= Nephrology consultation 
* Dialysis planning 


= Isotonic NaCl or NaHCO} at = Maintain adequate hydration 
1 to 1.5 mL/kg/h = Avoid additional nephrotoxins 
= Optimize cardiac output 
* Use nonionic low osmolar or 
iso-osmolar contrast 
= Limit contrast volume to <100 mL 
= Consider NAC, 600 to 1200 mg 
preprocedure, and then 
600 to 1200 mg twice daily X 4 doses 
= Avoid repeat contrast exposures 
over course of next 4 weeks 
when possible 


* Serial serum creatinine 
and electrolytes 

* Initially obtain above 
labs daily 


Measure serum creatinine before 


discharge and then in 3 days 


Figure 16. Management of patients receiving iodinated 
contrast media. 


eGFR = estimated glomerular filtration rate; NAC = N-acetylcysteine. 


Modified with permission from McCullough PA, Stacul F, Davidson C, Becker CR, Adam A, 
Lameire N, Tumlin JA; CIN Consensus Working Panel. Overview. Am J Cardiol. 2006; 98:2K- 
4K. Copyright © 2006, Elsevier. 
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Alternatives to Iodinated Contrast Agents 


Gadolinium-containing compounds had been used as an alternative to iodinated contrast in 
patients with CKD but are now believed to be nephrotoxic in high-risk individuals. Furthermore, 
gadolinium may be associated with nephrogenic systemic fibrosis in patients with kidney 
dysfunction and therefore is not recommended for individuals at highest risk for contrast-induced 
nephropathy, especially those with a GFR below 30 mL/min/1.73 m’. 


Digital subtraction angiography with carbon dioxide contrast is an appropriate alternative 
imaging study in high-risk patients. However, this technique cannot be used for imaging above 
the diaphragm because of the risk of cerebral toxicity. 
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Rhabdomyolysis and Pigment Nephropathy 


Rhabdomyolysis develops when muscle injury leads to the release of myoglobin and other 
intracellular muscle contents into the circulation. Myoglobin is known to cause nephrotoxicity by 
induction of kidney ischemia and tubular obstruction that results in a form of AKI known as 
pigment nephropathy. Approximately 46% of patients with rhabdomyolysis develop AKI. 


Rhabdomyolysis most commonly develops after exposure to myotoxic drugs, infection, 
excessive exertion, or prolonged immobilization (Table 25). Use of alcohol and illicit drugs such 
as cocaine are important leading causes of this condition, and the risk of rhabdomyolysis is 
particularly high in patients using more than one potentially myotoxic agent. 


A diagnosis of rhabdomyolysis should be considered in patients with a serum creatine kinase 
level above 5000 U/L (83.5 ukat/L) who demonstrate heme positivity on urine dipstick testing in 
the absence of hematuria. Complications of rhabdomyolysis include hypocalcemia, 


hyperphosphatemia, hyperuricemia, metabolic acidosis, acute muscle compartment syndrome, 
and limb ischemia. 


Expansion of the extracellular fluid volume with isotonic saline is the most effective intervention 
to limit nephrotoxicity in patients with rhabdomyolysis. Calcium repletion therapy should be 
reserved only for hypocalcemic patients with this condition who have cardiac or neuromuscular 
irritability, because this therapy can cause rebound hypercalcemia in the recovery phase. 


Table 25. Causes of Rhabdomyolysis 


Nontraumatic 
Strenuous exercise, especially in unconditioned individuals 
Heat stroke 
Sickle cell disease and trait following exertion 
Seizures 
Myopathies 
Neuroleptic malignant syndrome 
Malignant hyperthermia 
Alcohol abuse 
Medications* 


Antipsychotics 

Selective serotonin reuptake inhibitors 
Zidovudine 

Lithium 

Antihistamines 

Statins (increased risk with exertion or concurrent use of colchicine) 
Fibric acid derivatives 

Daptomycin 

Propofol 

Valproic acid 

Dietary supplements 

Ephedrine 

Creatine 

Illicit drugs 

Cocaine 

Ecstasy (3,4-methylenediox ymethamphetamine) 
Toxins 

Multiple bee and wasp stings 

Snake bites 


Toxic shock syndrome 
Carbon monoxide poisoning 
Infections 


Viral (HIV, influenza, coxsackievirus, cytomegalovirus, Epstein-Barr virus, varicella, dengue, 
herpes simplex virus, parainfluenza virus, adenovirus, echovirus) 


Bacterial (Staphylococcus, Salmonella, Clostridium, Pneumococcus, and Legionella species; 
leptospirosis, Q fever, Rocky Mountain spotted fever) 


Malaria 
Electrolyte abnormalities 
Endocrinopathies 
Thyroid disease (hypo- and hyperthyroidism) 
Pheochromocytoma 
Inflammatory myopathies 
Trauma or Compression 
Prolonged surgery (orthopedic, vascular, urologic, bariatric) 
Immobilization 
Burns 
Multiple trauma 
Crush injuries 


“Increased incidence with polypharmacy. 
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Acute Interstitial Nephritis 


Acute interstitial nephritis is most commonly caused by a hypersensitivity reaction to a 
medication, and proton pump inhibitors are now believed to be a common cause of drug-induced 
acute interstitial nephritis. Acute interstitial nephritis also may be caused by certain infections or 
autoimmune conditions (Table 26). 


Drug-induced acute interstitial nephritis may manifest as rash, pruritus, eosinophilia, and fever; 
however, these features may be absent, particularly in acute interstitial nephritis due to use of 
NSAIDs and proton pump inhibitors. 


Urinalysis findings in patients with acute interstitial nephritis may include leukocyte casts, 
eosinophils, and a urine protein-creatinine ratio usually less than 2.5 mg/mg. Kidney biopsy is 
often required to establish a definitive diagnosis because of the lack of sensitivity and specificity 
of eosinophiluria or gallium scanning. In patients with suspected drug-induced acute interstitial 
nephritis, discontinuing the inciting agent and monitoring for improvement in kidney function 


over the next 2 to 3 weeks are often sufficient. Indications for biopsy generally include 
diagnostic uncertainty, advanced kidney failure, consideration of potentially toxic treatment, or 
lack of spontaneous recovery following cessation of drug therapy. 


Management of drug-induced interstitial nephritis includes withdrawing the inciting medication. 
Corticosteroids may be used in patients with aggressive disease, such as those with persistent or 
worsening azotemia despite discontinuation of the inciting agent, and biopsy may be particularly 
warranted if this therapy is being considered. Patients demonstrating active inflammation in the 
absence of significant chronic damage seen on biopsy are more likely to benefit from cortico- 
steroids. However, data regarding the efficacy of cortico-steroids in this setting have been 
limited to retrospective trials. 


Table 26. Causes of Acute Interstitial Nephritis 


Medications 
NSAIDs 
Cyclooxygenase-2 inhibitors 
Antibiotics 
Penicillins 
Cephalosporins 
Fluoroquinolones 
Antituberculous medications (rifampin, isoniazid, ethambutol) 
Sulfonamides 
Miscellaneous 
Allopurinol 
Phenytoin 
Proton pump inhibitors 
Indinavir 
Autoimmune 
Sarcoidosis 
Sjögren syndrome 
Systemic lupus erythematosus 
Toxins 
Chinese herb nephropathy 
Heavy metal toxicity 
Myeloma cast nephropathy 
Infiltrative 
Leukemia 
Lymphoma 
Infections 


Legionella 

Cytomegalovirus 

HIV 

Toxoplasmosis 

Polyomavirus BK virus (in kidney transplantation recipients) 
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Thrombotic Microangiopathies 


The thrombotic microangiopathies are a spectrum of disorders that develop in various clinical 
settings (Table 27) (see Thrombotic Microangiopathies in MKSAP 15 Hematology and 
Oncology and Glomerular Diseases). These conditions are believed to result from endothelial 
damage that allows plasma constituents to enter the intima of arteries, the walls of arterioles, and 
the subendothelial zone of glomerular capillaries. These vessels subsequently develop narrow 
lumens often occluded with thrombi that lead to ischemic kidney injury. 


Manifestations of the thrombotic microangiopathies may include AKI that is usually 
accompanied by microangiopathic hemolytic anemia. Approximately 50% of patients have low 
C3 levels. The urine sediment usually shows minimal or no abnormalities and is nondiagnostic; 
rarely, erythrocyte or muddy brown casts may be seen. 


Scleroderma renal crisis is a form of thrombotic microangiopathy characterized by severe 


hypertension and AKI that often improves after ACE inhibitor therapy (see Systemic Sclerosis in 
MKSAP 15 Rheumatology). 


Table 27. Causes of Thrombotic Microangiopathy 


Infections 

Escherichia coli O157:H7 Shigella 

Pseudomonas Symptomatic HIV 
Drugs 

Mitomycin Cisplatin and bleomycin 
Gemcitabine Cyclosporine 
Tacrolimus Ticlopidine 

Clopidogrel Quinine 

Valacyclovir Oral contraceptives 


Autoimmune diseases 
Scleroderma renal crisis 


Systemic lupus erythematosus 
Antiphospholipid antibody syndrome 
Hematopoietic stem cell transplantation 
Pregnancy and post partum 

Malignant hypertension 

Idiopathic 
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Postrenal Disease 


e Urinary Tract Obstruction 
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Urinary Tract Obstruction 


Urinary tract obstruction accounts for approximately 5% of cases of AKI. Obstruction can cause 
intrarenal vasoconstriction, ischemic tubular injury, and interstitial fibrosis that may lead to end- 
stage kidney disease if uncorrected. 


Although patients with complete obstruction have significantly decreased urine output, those 
with partial obstruction may have polyuria caused by loss of tubular function or excretion of 
excess retained solute. Obstruction also should be strongly suspected in patients with AKI who 
have known obstructive prostatic disease or pelvic malignancy. 


Kidney ultrasonography in most patients with obstruction reveals hydronephrosis; however, this 
finding may be absent in those with retroperitoneal fibrosis, which causes encasement of the 
collecting system in fibrotic tissue that may prevent dilation of the collecting system. 
Retroperitoneal fibrosis should be suspected in patients with AKI who present with flank or 
abdominal pain in whom prerenal and kidney parenchymal disease have been excluded, 
particularly in patients with lymphoma. Noncontrast CT of the abdomen and pelvis is the 
preferred imaging modality to establish a diagnosis. 


Patients with AKI caused by urinary tract obstruction have a favorable prognosis when 
obstruction is relieved within 1 week of onset. 
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Acute Kidney Injury in Specific Clinical Settings 


The Critical Care Setting 
Cardiovascular Disease 


Liver Disease 


Malignancy 
HIV Infection 
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The Critical Care Setting 


AKI is particularly common in the intensive care unit and has a mortality rate of 50% or higher 
in this setting. Acute tubular necrosis is the leading cause of AKI in the critical care setting and 
typically occurs in patients with shock or after major surgery or nephrotoxic exposures. 
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Abdominal Compartment Syndrome 


Abdominal compartment syndrome is a form of AKI that occurs most commonly in patients in 
the surgical intensive care unit who have intra-abdominal hemorrhage, severe pancreatitis, or 
ileus or those who have undergone massive fluid resuscitation or recent abdominal surgery. The 
cause of kidney dysfunction in this setting is unclear but may be related to increased renal 
venous pressure. 


Abdominal compartment syndrome may manifest as acute kidney dysfunction that is often 
accompanied by decreased cardiac output, increased systemic vascular resistance, and high 
pulmonary capillary wedge pressures. Diagnosis of abdominal compartment syndrome is 
established in patients with an intravesicular pressure greater than 20 mm Hg as measured 
through a bladder catheter who also have new-onset organ system failure. Surgical 
decompression of the abdomen is usually required and often promptly improves kidney function. 
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Cardiovascular Disease 


e Cardiorenal Syndrome 
e Cholesterol Crystal Embolization 


PreviousNext 


Cardiorenal Syndrome 


Cardiorenal syndrome refers to kidney dysfunction that develops in the setting of acute 
decompensated heart failure. Approximately one third of patients hospitalized with 
decompensated heart failure have cardiorenal syndrome, which can lead to longer hospitalization 
periods and a sevenfold increase in mortality. 


Nesiritide has been shown to lower pulmonary capillary wedge pressure and improve congestive 
symptoms in patients with acute decompensated heart failure. However, this agent also is 
associated with a higher incidence of acute kidney dysfunction in these patients and therefore 
should not replace conventional therapy, including diuretics, in this setting. 


Numerous trials have investigated the use of isolated ultrafiltration using a peripherally inserted 
ultrafiltration device that does not require central access, specialized nursing, or admission to the 
intensive care unit in patients with decompensated heart failure. This intervention has been 
shown to achieve lower weight more rapidly and to decrease hypokalemia but did not improve 
mortality or decrease the length of hospitalization. Furthermore, trials demonstrating superiority 
of this procedure to management with diuretics have yet to be published. Therefore, 
ultrafiltration should be reserved primarily for patients with persistent symptomatic volume 
overload who are unresponsive to drug therapy. 
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Cholesterol Crystal Embolization 


Cholesterol crystal embolization may cause AKI in patients with aortic atherosclerotic plaques. 
This condition may occur spontaneously but most often develops after coronary or kidney 
angiography or aortic surgery. Anticoagulation with heparin, warfarin, or thrombolytic agents is 
believed to help incite this condition, but a definitive causal relationship has not been clearly 
demonstrated. 


Kidney injury in patients with cholesterol crystal embolization usually has a subacute onset with 
a stuttering course over several weeks. Cutaneous manifestations develop in approximately 10% 
to 15% of patients and may include livedo reticularis, skin ulceration, and nodules (Figure 17). 
Extrarenal manifestations include abdominal pain, gastrointestinal bleeding, pancreatitis, and 
retinal artery emboli (known as Hollenhorst plaques) (Figure 18). 


Patients with cholesterol crystal embolization typically have a bland urine sediment but may 
have dysmorphic hematuria and erythrocyte casts. If present, an elevated erythrocyte 
sedimentation rate, eosinophilia, and hypocomplementemia usually develop early in the disease 
course and resolve after 1 week. 


The prognosis in patients with cholesterol crystal embolization is poor, and therapy should be 
directed toward management of risk factors such as dyslipidemia and hypertension and should 
include smoking cessation and glycemic control in patients with diabetes. In addition, invasive 
arterial procedures should be avoided in high-risk patients. 


Figure 17. Livedo reticularis. 


Figure 18. Hollenhorst plaque. 


This cholesterol crystal embolus is visible in a branch of a retinal artery. 
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Liver Disease 


AKI frequently complicates advanced cirrhosis and acute hepatic failure. Because liver 
dysfunction is usually associated with impaired kidney perfusion and kidney vasoconstriction, 
patients in this setting have an increased risk for acute tubular necrosis. Prerenal azotemia may 
occur in patients with gastrointestinal bleeding, diuretic use, or large-volume paracentesis. 


PreviousNext 


Hepatorenal Syndrome 


Hepatorenal syndrome manifests as azotemia caused by significantly impaired kidney perfusion 
in patients with worsening liver dysfunction (see Complications of Liver Disease in MKSAP 15 
Gastroenterology and Hepatology). Recently updated diagnostic criteria state that hepatorenal 
syndrome can be diagnosed in the setting of bacterial infection in the absence of septic shock 
(Table 28). 


Type I hepatorenal syndrome is characterized by a 50% decline in the GFR to a value less than 
20 mL/min/1.73 m° or a doubling of the serum creatinine level to above 2.5 mg/dL (221.0 
umol/L) in a period of less than 2 weeks. Type I hepatorenal syndrome most commonly occurs 
in patients with fulminant hepatic failure or after variceal bleeding, spontaneous bacterial 
peritonitis, sepsis, overly aggressive diuresis, or large-volume paracentesis. Albumin infusions 
are recommended for patients with spontaneous bacterial peritonitis to decrease the risk of this 
condition. Type II hepatorenal syndrome develops more insidiously in the setting of refractory 
ascites. 


Liver transplantation is the treatment of choice for transplant-eligible patients with hepatorenal 
syndrome. In patients with suspected hepatorenal syndrome, volume expansion should be 
performed with albumin, | g/kg daily up to a maximum dosage of 100 g/d. Improvement of 
kidney function after this intervention suggests a component of prerenal azotemia. Vasopressors 
such as norepinephrine alone or midodrine in conjunction with octreotide, albumin infusions, and 
other supportive measures should be initiated until liver transplantation can be performed in 
eligible patients. The vasopressin analogue terlipressin is widely used in Europe, but clinical 
trials using this agent in the United States are ongoing. 


Transjugular intrahepatic portosystemic shunt (TIPS) should be considered in patients who fail to 
respond to vasopressors but should only be used in individuals with severe hepatic dysfunction 
because of the associated risk for encephalopathy. Patients with hepatorenal syndrome who are 
not eligible for liver transplantation are generally poor candidates for chronic dialysis because of 
their poor prognosis and propensity for infectious complications and hypotension. 


Table 28. Diagnostic Criteria for Hepatorenal Syndrome 


1. Cirrhosis with ascites 

2. Serum creatinine >1.5 mg/dL (>133 umol/L) 

3. No improvement of serum creatinine (decrease to a level of <1.5 mg/dL [133 umol/L]) after at 
least 2 days after diuretic withdrawal and volume expansion with albumin. The recommended 
dose of albumin is | g/kg of body weight daily up to a maximum of 100 g/d. 

4. Absence of shock 


5. No current or recent treatment with nephrotoxic drugs 


6. Absence of intrarenal disease as indicated by proteinuria >500 mg/24 h, microhematuria (>50 
erythrocytes/hpf), and/or abnormal kidney ultrasound 


Modified with permission from Salerno F, Gerbes A, Gines P, Wong F, Arroyo V. Diagnosis, 
prevention and treatment of hepatorenal syndrome in cirrhosis. Gut. 2007:56(9):1310-1318. 
[PMID: 17389705] Copyright 2007, BMJ Publishing Group Ltd. 
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Malignancy 


AKI is a frequent complication in patients with malignancy and can be caused by the underlying 
malignancy or be related to treatment (Table 29). Tumor lysis syndrome and myeloma cast 
nephropathy in particular are associated with a high morbidity and mortality rate. 


Table 29. Causes of Acute Kidney Injury in Patients with 
Malignancy 


Prerenal Diseases 
Hypercalcemia 
Gastrointestinal losses during chemotherapy 
Hepatic sinusoidal obstruction syndrome following hematopoietic stem cell transplantation 
Intrarenal Diseases 
Acute tubular necrosis 
Cisplatin 
Ifosfamide 
Acute interstitial nephritis 
Lymphomatous infiltrates 
Leukemic infiltrates 
Tubular obstruction 
Myeloma cast nephropathy 
Tumor lysis syndrome 
Methotrexate 
Thrombotic microangiopathy 


Mitomycin 
Cisplatin and bleomycin 
Gemcitabine 


Cyclosporine 
Hematopoietic stem cell transplantation 

Postrenal Disease 
Bladder outlet obstruction 
Retroperitoneal tumor or lymphadenopathy 
Retroperitoneal fibrosis 

Vascular 

Renal vein tumor or thrombus 
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Tumor Lysis Syndrome 


e Pathophysiology 
e Primary Prevention 
e Management 
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Pathophysiology 


Tumor lysis syndrome usually develops after initiation of chemotherapy and occasionally occurs 
spontaneously in patients with a high tumor burden (see Tumor Lysis Syndrome in MKSAP 15 
Hematology and Oncology). Kidney dysfunction in this setting is caused by urate deposition as 
well as calcium phosphate precipitation within the renal tubules. Tumor lysis syndrome 
manifests as acute oliguric kidney injury accompanied by increased serum uric acid, phosphorus, 
and potassium levels. 
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Primary Prevention 


Allopurinol prophylaxis significantly reduces the risk of urate deposition in the kidneys in 
patients with a high tumor burden who are undergoing induction chemotherapy. The 
recombinant-urate oxidase inhibitor rasburicase is U.S. Food and Drug Administration approved 
for use in the prevention of urate nephropathy in pediatric patients with severe hyperuricemia 
who receive chemotherapy that is expected to cause tumor lysis syndrome. This agent also has 
been shown to decrease serum uric acid levels and reduce the incidence of AKI in small, 


uncontrolled trials of adult patients. Candidates for rasburicase prophylaxis are patients at 
increased risk for tumor lysis syndrome, including those with serum uric acid levels higher than 
7.5 mg/dL (0.4 mmol/L), high-turnover tumors (such as hematologic malignancies) with elevated 
serum lactate dehydrogenase levels, decreased intravascular volume status, and tumor infiltration 
of the kidneys, and patients undergoing aggressive-intensity cytoreductive therapy. 


Generally, patients most at risk for tumor lysis syndrome are hospitalized because of the severity 
of their symptoms or because the treatment requires inpatient management. Intravenous 
hydration is indicated for all patients with high tumor burden undergoing induction 
chemotherapy. Those with an elevated serum lactate dehydrogenase or serum uric acid levels or 
heavy tumor burden should be admitted for hydration and close monitoring of kidney function 
and levels of serum potassium, phosphorus, and uric acid levels. 


Patients with a preexisting reduction in GFR, oliguria and/or acidic urine, and volume depletion 
also should be hospitalized. 


A consensus panel also recently proposed guidelines for stratifying risk for tumor lysis syndrome 
(Table 30). According to these guidelines, patients at low risk for tumor lysis syndrome should 
receive hydration but do not require hypouricemic therapy. Intermediate-risk patients should 
receive allopurinol rather than rasburicase for prophylaxis in the absence of pretreatment 
hyperuricemia. Finally, high-risk patients should be hospitalized for aggressive intravenous 
hydration and prophylactic rasburicase. 


Table 30. Stratification of Patients at Risk for Tumor Lysis 
Syndrome 


Risk 
Type of Cancer High Intermediate Low 

Non-Hodgkin lymphoma Burkitt lymphoma, Diffuse large B-cell Indolent non- 
lymphoblastic, Burkitt lymphoma Hodgkin 
acute lymphoblastic lymphoma 
leukemia 

Acute lymphoblastic Leukocyte count Leukocyte count Leukocyte count 

leukemia =100,000/uL (100 x 50,000-100,000/uL (50- <50,000/uL (50 
10°/L) 100 x 10°/L) x 10°/L) 

Acute myeloid leukemia Leukocyte count Leukocyte count Leukocyte count 
>50,000/uL (50 x 10,000-50,000/uL (10- <10,000/uL (10 
10°/L) monoblastic 50 x 10°/L) x 10°/L) 

Chronic lymphocytic — Leukocyte count Leukocyte count 

leukemia 10,000-100,000/uL (10- <10,000/uL (10 


100 x 10°/L) treated x 10°/L) 
with fludarabine 


Other hematologic — Rapid proliferation with Remainder of 
malignancies (including expected rapid response patients 


chronic myeloid leukemia to therapy 
and multiple myeloma) and 
solid tumors 


Modified with permission from Coiffier B, Altman A, Pui CH, Younes A, Cairo MS. Guidelines 
for the management of pediatric and adult tumor lysis syndrome: an evidence-based review. J 
Clin Oncol. 2008;26(16):2767-2778. [PMID: 18509186] Copyright 2008, American Society of 
Clinical Oncology. All rights reserved. 
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Management 


Urinary alkalinization has historically been used to treat tumor lysis syndrome but has been 
shown to increase the risk of calcium phosphate deposition in the renal tubules, leading to 
worsening kidney dysfunction. Hydration with isotonic saline is therefore preferred. 


Early intervention with dialysis is indicated in patients with tumor lysis syndrome who are 
oliguric or have life-threatening hyperkalemia. Continuous kidney replacement therapy may be 
advantageous in patients with higher levels of serum uric acid and phosphorus. Rasburicase has 
not yet been compared with dialysis in the treatment of established tumor lysis syndrome. 
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Myeloma Cast Nephropathy 


Approximately 20% of patients with multiple myeloma have kidney disease (see Multiple 
Myeloma). Light chains produced in patients with multiple myeloma can induce tubular 
obstruction and AKI, a condition known as myeloma cast nephropathy, or myeloma kidney. The 
diagnosis of myeloma cast nephropathy should be suspected in patients over 40 years of age with 
unexplained AKI. In patients with a negative dipstick urinalysis for protein, sulfosalicylic acid 
testing of the urine may detect light chains and is an important clue to the diagnosis of this 
condition. Patients with suspected myeloma cast nephropathy should undergo serum protein 
electrophoresis, serum free light chain measurement, and a 24-hour urine collection for protein 
electrophoresis and immunofixation. 


Plasmapheresis combined with chemotherapy has historically been used to treat myeloma cast 
nephropathy. A randomized controlled trial showed that patients who received plasmapheresis 
had improved kidney function but no survival benefit. Therefore, this therapy is still 
recommended for individuals with either biopsy-proven myeloma cast nephropathy or those with 


a high likelihood of this disorder because of the reduction in dialysis dependency among those 
patients who survive. 


Bisphosphonates should be used with caution in patients with myeloma and kidney dysfunction. 
Pamidronate has been reported to induce AKI and the nephrotic syndrome in patients with 
multiple myeloma. In addition, zoledronic acid has been reported to induce acute tubular 
necrosis, particularly when an 8-mg dose of this agent is infused in less than 15 minutes. Oral 
bisphosphonates are generally contraindicated when the estimated GFR is below 30 mL/min/1.73 
mî. 
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Chemotherapy-Induced Disease 


Cisplatin has direct tubular toxicity that can be attenuated through pretreatment with 
theophylline. Ifosfamide, etoposide, and carboplatin also can cause acute tubular injury, and 
pretreatment hydration is indicated to limit nephrotoxicity. Methotrexate precipitates within the 
tubules, but pretreatment hydration and urine alkalinization can help to decrease this effect. 
Gemcitabine and bleomycin can induce a thrombotic microangiopathy that is unresponsive to 
plasmapheresis. Bevacizumab and other vascular endothelial growth factor inhibitors also may 
cause thrombotic thrombocytopenic purpura. 
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HIV Infection 


Patients with HIV infection have an increased risk of AKI caused by various factors. In one 
series of 111 episodes of AKI in 77 patients with HIV infection, 39% were caused by prerenal 
disease, 43% were caused by intrarenal disease mostly related to ischemia and drugs, 8% were 
caused by postrenal disease, and 9% were of unknown cause. 


Opportunistic infection with Pneumocystis jiroveci can induce AKI by direct infection and 
obstruction of the glomerular and peritubular capillaries. HIV infection also is known to induce 
thrombotic thrombocytopenic purpura, and therapy should include highly active antiretroviral 
therapy (HAART) in addition to plasmapheresis. Patients with HIV infection also may develop 
acute interstitial nephritis secondary to infection with this virus or with Epstein-Barr virus, 
cytomegalovirus, BK virus, aspergillosis, zygomycosis, histoplasmosis, and Cryptococcus and 
Nocardia species. Patients with HIV infection also may develop rhabdomyolysis and have an 
increased incidence of false-positive results on ANCA and antiglomerular basement membrane 
antibody assays. 


Although certain antiretroviral agents are nephrotoxic, AKI in patients with HIV infection is 
usually unrelated to use of HAART. Moreover, use of HAART may slow the progression of 


HIV-associated nephropathy and has improved survival in this setting. Indinavir can induce 
intratubular precipitation of crystals and interstitial nephritis. Tenofovir, adefovir, didanosine, 
lamivudine, and stavudine are known to cause proximal tubular injury and also may cause 
mitochondrial toxicity and lactic acidosis. 
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Newly Described Nephrotoxic Acute Kidney Injury 


Several therapeutic agents have recently been reported to induce AKI. Orlistat may cause acute 
oxalate nephropathy. Intravenous immune globulin therapy can induce AKI through osmotic 
tubular injury in preparations containing additives such as sucrose, maltose, and glycine. 


Sodium phosphate-containing cathartic agents that are frequently used in preparation for 
colonoscopy have been associated with AKI in patients who have risk factors for acute 
phosphate nephropathy, such as reduced GFR; advanced age; and use of ACE inhibitors, 
angiotensin receptor blockers, NSAIDs, and diuretics. However, acute phosphate nephropathy 
also may occur in patients receiving sodium phosphate solutions for bowel preparation who have 
normal kidney function and no apparent risk factors. This condition is most likely related to a 
rapid elevation in the serum phosphate level and subsequent deposition of calcium phosphate 
crystals in the renal tubules. Acute and chronic kidney injury then develops days or months after 
administration of sodium phosphate preparations. Sodium phosphate—containing bowel 
preparation solutions therefore should be avoided, particularly because of the availability of safer 
alternatives such as polyethylene glycol electrolyte solution. 
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Key Points 


Hypercalciuria is the most common metabolic abnormality in patients with calcium- 
containing stones. 

An increase in dietary calcium intake paradoxically decreases the risk of calcium oxalate 
stone formation and recurrence, and thiazide diuretics can further decrease the recurrence 
of these stones in selected individuals. 

Women with recurrent urinary tract infections with urease-splitting Klebsiella and 
Proteus species have an increased risk for struvite stones. 

Patients with hyperuricosuria, especially those with urine uric acid levels greater than 
1000 mg/24 h (5.9 mmol/d), have an increased risk of uric acid stone formation. 
Approximately 90% of kidney stones less than 5 mm in diameter pass spontaneously with 
supportive treatment. 

Patients with kidney stones usually have intact kidney function, and the presence of acute 
kidney injury is suggestive of bilateral obstruction, obstruction in a solitary kidney, 
volume depletion, or sepsis. 

The gold standard to determine kidney stone composition is to obtain the stone by 
straining the urine and then performing stone analysis. 

Noncontrast helical abdominal CT is the gold standard for diagnosing kidney stones. 
Asymptomatic kidney stones found on imaging studies do not require urgent stone 
removal. 

In patients with an acute attack of kidney stones, NSAIDs or narcotic agents can be used 
to relieve pain and a calcium channel blocker or a-blockers may help to increase the rate 
of spontaneous stone passage. 

Extracorporeal shock-wave lithotripsy is indicated for stones less than 1 cm in diameter 
located in the kidney and upper urinary tract. 


e Percutaneous nephrolithotomy is indicated for stones larger than 1 cm in diameter, 
staghorn calculi, and cystine stones that are resistant to extracorporeal shock-wave 
lithotripsy and in patients with urinary tract abnormalities. 

e Ureterorenoscopy is recommended to remove kidney stones in the distal ureter or to 
remove stone fragments caused by extracorporeal shock-wave lithotripsy. 

e The best prevention of recurrent kidney stone disease is consumption of more than 2 L of 
fluids daily and modification of identifiable metabolic factors and diet. 

e A causal association may exist between kidney stones and progression to chronic kidney 
disease or end-stage kidney disease. 
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Pathophysiology and Epidemiology 

Kidney stones can be composed of calcium oxalate, calcium phosphate, uric acid, struvite, and 
cystine. Approximately 80% of kidney stones are composed of calcium oxalate, whereas less 
than 10% are composed of calcium phosphate. 

A low fluid intake promotes stone formation, and persons who consume more than 2500 mL of 


fluid daily are 30% less likely to develop kidney stones compared with those who consume 
lower amounts. 
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Calcium Oxalate Stones 


e Risk Factors and Prevention 
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Risk Factors and Prevention 


e Hypercalciuria 
e Hyperoxaluria 
e Hypocitraturia 
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Hypercalciuria 


Hypercalciuria is the most common metabolic abnormality in patients with calcium-containing 
stones (Table 31). Paradoxically, an increase in dietary calcium intake decreases the risk of 
calcium oxalate stone formation and recurrence because dietary calcium binds to gastrointestinal 
oxalate and thus prevents oxalate absorption. Thiazide diuretics also may be considered in 
patients with hypercalciuria and recurrent calcium-containing kidney stones to help lower the 
rate of kidney stone recurrence. 


Table 31. Causes of Hypercalciuria 


Genetic 

Absorptive hypercalcemia 

Familial distal renal tubular acidosis 

Bartter syndrome 

Familial hypocalciuric hypocalcemia 

Vitamin D excess 

Vitamin D supplementation 

Sarcoidosis 

Malignancy associated with bone resorption and parathyroid hormone-related protein secretion 
Primary hyperparathyroidism 
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Hyperoxaluria 


Enteric and primary hyperoxaluria occur in 10% of patients with calcium oxalate stones. Enteric 
hyperoxaluria is associated with malabsorption syndromes that allow fatty acids to bind with 
calcium in the intestinal lumen and results in an increased gastrointestinal absorption of oxalate; 
the kidneys then eliminate oxalate into the urine, where it binds with urine calcium and forms 
calcium oxalate stones. Similarly, primary hyperoxaluria is an inherited genetic disorder of 
metabolism that can lead to calcium oxalate stone formation by causing excess oxalate secretion 
into the urine. 


In patients with hyperoxaluria, dietary calcium intake should be increased to 1 to 4 g daily. 


Foods high in oxalate such as rhubarb, peanuts, spinach, beets, and chocolate also should be 
avoided. 
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Hypocitraturia 


A decrease in citric acid, which binds to urine calcium and inhibits calcium oxalate stone 
formation, is another risk factor for calcium oxalate nephrolithiasis. Potassium citrate 
supplementation or intake of foods high in citrate such as lemon juice helps to decrease the risk 
of recurrent stones. 
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Struvite Stones 


Approximately 10% of patients with kidney stones develop struvite stones, which may be 
composed of magnesium ammonium phosphate, calcium carbonate-apatite, or a combination of 
these components. Women with recurrent urinary tract infections with urease-splitting Klebsiella 
and Proteus species in particular have an increased risk for this condition. 


If not adequately treated, struvite stones may develop into staghorn calculi that can fill the entire 
kidney pelvis. Antibiotic therapy and referral for stone removal are the management of choice 
for infected struvite stones. 
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Cystine Stones 


Cystine stones account for only 1% to 3% of all kidney stones. More than 50% of patients with 
these stones have cystinuria, an autosomal-recessive disorder that results in increased urine 
cystine excretion. Clues that suggest cystine stones include large branched calculi or kidney 
stones that occur in childhood or adolescence. In patients with cystinuria, urine alkalinization is 
indicated to increase the solubility of cystine. Penicillamine and captopril also should be used to 
decrease serum cystine levels. 
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Uric Acid Stones 


Approximately 10% of kidney stones are composed of uric acid, and an estimated 10% to 15% 
of patients with gout develop uric acid stones. Patients with hyperuricosuria, especially those 
with urine uric acid levels greater than 1000 mg/24 h (5.9 mmol/d), have an increased risk of uric 
acid stone formation. In addition, tumor lysis syndrome can cause intratubular crystallization of 
uric acid that can contribute to acute kidney injury and is another risk factor for uric acid stones. 


In individuals with gout and hyperuricosuria, urine alkalinization increases the solubility of uric 
acid and decreases the formation of kidney stones. Allopurinol also may be warranted in 
recurrent uric acid stone formers to decrease urine uric acid excretion if increased fluid intake 


and alkalinization of the urine fail to decrease the rate of uric acid stone formation. The 
hyperuricosuric effects of probenecid may exacerbate stone disease, and this agent should be 
avoided in patients with gout who have a history of uric acid stones. 
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Clinical Manifestations 


Some patients with kidney stones are completely asymptomatic and only incidentally notice 
gravel or a stone after urinating. Nevertheless, symptoms eventually develop in approximately 
33% to 50% of patients with asymptomatic kidney stones. 


Acute renal colic is characterized by the sudden onset of unilateral flank pain. Acute renal colic 
also may cause nausea and vomiting, and patients with stones located in the ureters or urethra 
may have irritative symptoms such as urinary urgency and frequency. 


Approximately 90% of kidney stones less than 5 mm in diameter pass spontaneously with 


supportive treatment, whereas only 50% of stones between 5 and 7 mm in diameter 
spontaneously pass. Spontaneous passage is unlikely in stones over 7 mm in diameter. 
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Diagnosis and Evaluation 


e Laboratory Studies 


e Imaging Studies 
e Management 
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Laboratory Studies 


Laboratory studies used in the evaluation of patients with kidney stones include kidney function 
studies; measurement of serum calcium, phosphorus, bicarbonate, and uric acid levels; and 
urinalysis with microscopic analysis of the urine sediment. Measurement of the serum 
parathyroid hormone level also is warranted if hypercalcemia or hypophosphatemia is present. 


Patients with kidney stones usually have intact kidney function, and the presence of acute kidney 
injury is suggestive of bilateral obstruction, obstruction in a solitary kidney, volume depletion, or 
sepsis. Hematuria is seen in most patients but may be intermittent. 


In patients with crystalluria, analysis of the urine sediment may help to characterize the type of 
kidney stone that is present (Figure 19). However, even patients without kidney stones may have 
crystalluria, and the gold standard to determine stone composition is to obtain the stone by 
straining the urine and then performing stone analysis. 


Patients who have kidney stones and either have a family history of stone disease or chronic 
medical conditions favoring stone formation or who are white males should undergo additional 
laboratory studies to evaluate for metabolic abnormalities that can contribute to stone formation. 
These studies consist of three 24-hour urine collections for urine volume, pH, creatinine, sodium, 
calcium, uric acid, oxalate, and citrate excretion. 


Radiographic diagnosis of kidney stones 


intervention necessary 


Hydration; analgesics; and use Hydration; analgesics; and use 
of calcium channel blockers, of calcium channel blockers, 
corticosteroids, or œ-blockers corticosteroids, or a-blockers 


Passes Failure 
spontaneously to pass 


Passes Failure 
spontaneously to pass 


Location of 
the stone 


Lithotripsy Lithotripsy 
Percutaneous nephrolithotomy Ureterorenoscopy 


Figure 19. Management of kidney stones. 
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Imaging Studies 


Most kidney stones are radiopaque and are easily visualized on plain radiographs of the 
abdomen, which are inexpensive, noninvasive, and widely available. However, false-negative 
results may occur in patients with small stones, radiolucent stones that are composed of uric acid 
or related to use of indinavir, and interference of the overlying bowel. Similarly, vascular 
calcification and phleboliths may cause false-positive results for kidney stones. As such, plain 
abdominal radiography has a low sensitivity and specificity for the diagnosis of this condition. 


Kidney ultrasonography has a low sensitivity for kidney stones but a higher specificity than plain 
abdominal radiography. This study is relatively inexpensive, widely available, and provides a 
functional assessment of the severity of the stone disease. Kidney ultrasonography also can 
detect urinary tract obstruction with associated hydronephrosis but may not reveal small stones 
or stones in the ureters and urethra. 


Intravenous pyelography has a high sensitivity and specificity in the diagnosis of kidney stones. 
However, this study requires bowel preparation and the use of intravenous iodinated contrast 
agents, which are contraindicated in patients with acute kidney injury and chronic kidney 
disease. 


Noncontrast helical abdominal CT has replaced intravenous pyelography as the gold standard for 
diagnosing kidney stones. This study reveals urinary tract obstruction with hydronephrosis, can 
detect stones as small as 1 mm in diameter, and can help evaluate other potential causes of 
abdominal pain and hematuria. However, noncontrast helical abdominal CT is expensive and has 
a higher radiation exposure than other imaging studies. 
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Management 


Management of kidney stones is determined by whether the stone is symptomatic, stone size, and 
stone location (see Figure 19). Asymptomatic kidney stones found on imaging studies do not 
require urgent stone removal and treatment but may warrant further evaluation as to the cause of 
the stone as well as consideration for possible interventions to prevent recurrent stone formation. 
Stone removal also may be warranted in patients with urinary tract obstruction. 


Approximately 80% of symptomatic kidney stones pass spontaneously within 2 to 3 days with 
supportive hydration. Stones that do not pass within 1 to 2 months are unlikely to pass 
spontaneously. NSAIDs or narcotic agents also can be used to relieve associated pain, but the 
former should be avoided in individuals with a decreased glomerular filtration rate. Use of 
calcium channel blockers to dilate ureteral smooth muscle and corticosteroids to decrease 
inflammation and ureteral edema or a-blockers to possibly increase ureteral contraction has been 
shown to increase the rate of spontaneous stone passage and may be warranted in patients with 
an acute attack. In a recent meta-analysis, the use of medical therapy with either calcium channel 


blockers or a-blockers resulted in a 65% greater stone passage rate than conservative medical 
therapy. Further clinical trials are required to determine the superiority of calcium channel 
blocking agents versus o-blockers in the medical treatment of acute renal colic. 


Extracorporeal shock-wave lithotripsy (ES WL) is indicated for stones less than 1 cm in diameter 
located in the kidney and upper urinary tract and in conjunction with percutaneous 
nephrolithotomy to help break apart large stones or staghorn calculi. Cystine stones are usually 
resistant to this intervention. 


Percutaneous nephrolithotomy is indicated for stones larger than 1 cm in diameter, staghorn 
calculi, and cystine stones that are resistant to ESWL. This intervention also is indicated for 
patients with urinary tract abnormalities such as horseshoe kidney. Percutaneous 
nephrolithotomy is 95% effective in stone removal, and repeated interventions are rarely 
necessary. However, this procedure is more invasive than ESWL and requires the use of general 
anesthesia. 


Ureterorenoscopy is recommended to remove stones in the distal ureter or to remove stone 
fragments caused by ESWL. This procedure allows visualization of the stone or stone fragments 
but is more invasive than ESWL and also may require repeated interventions for complete stone 
removal. 


Open stone surgery is indicated only when all other interventions have failed. 
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Prognosis and Follow-up 


Stone disease recurs in 30% to 50% of patients, particularly those with metabolic and genetic 
factors that favor stone development. After one stone recurrence, the incidence of future stone 
formation increases to nearly 90%. The best prevention of recurrent stone disease is consumption 
of more than 2 L of fluids daily and modification of identifiable metabolic factors and diet. 


A causal association may exist between kidney stones and progression to chronic kidney disease 
or end-stage kidney disease. In a 2004 study of patients without hypertension, a history of kidney 
stones was associated with a threefold increased risk for chronic kidney disease, a sixfold 
increased risk for diabetic nephropathy, and a ninefold increased risk for interstitial nephritis. 
Whether the increased risk of chronic kidney disease in kidney stone formers is caused solely by 
the presence of stones or by factors associated with stones such as recurrent urinary tract 
obstruction, infection, and possible hyperuricemia with resultant tubulointerstitial disease is not 
yet known. 
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The Kidney in Pregnancy 


Kidney Anatomy and Physiology in the Pregnant Patient 


Hypertensive Disorders Associated with Pregnancy 
Kidney Disease in the Pregnant Patient 


Management of End-Stage Kidney Disease During Pregnancy 


Key Points 


Ureteric dilatation that occurs during normal pregnancy can resemble obstructive 
nephropathy. 

Pregnancy causes an increase in urine protein excretion to 150 to 300 mg/24 h and a 
decrease in the serum creatinine level. 

Preeclampsia is characterized by new-onset hypertension, at least 1+ protein on dipstick 
urinalysis, and a urine protein excretion of 300 mg/24 h or higher that develops anytime 
after 20 weeks of pregnancy. 

Low-dose aspirin has a 10% to 15% relative risk reduction in preventing preeclampsia 
and reducing adverse maternal and fetal outcomes. 

Management of patients with preeclampsia typically includes bed rest, antihypertensive 
therapy, close monitoring of maternal and fetal conditions, prevention of convulsions, 
and hospitalization. 

Delivery should be considered in all patients who develop preeclampsia at term; in 
patients with signs of impending eclampsia such as hyperreflexia, headaches, and 
epigastric pain or those with uncontrollable hypertension; and in those with a platelet 
count below 100,000/uL (100 x 10°/L) and/or elevated liver enzymes. 

Magnesium sulfate has been shown to prevent and treat eclampsia and is usually initiated 
immediately after delivery. 


Gestational hypertension refers to high blood pressure that first develops at 20 weeks of 
pregnancy or later and is not associated with proteinuria or other laboratory features of 
preeclampsia. 

No evidence exists showing that targeted blood pressure control prevents preeclampsia, 
and antihypertensive therapy in patients with gestational hypertension should focus on 
preventing maternal consequences of severe hypertension. 

In pregnant women with chronic hypertension who had mild to moderately elevated 
blood pressure before pregnancy, discontinuation of antihypertensive medications and 
close monitoring may be sufficient in the absence of known target organ damage. 
Therapy can be initiated in pregnant women with chronic hypertension if the blood 
pressure increases to 140 to 150/90 to 100 mm Hg, but a slightly lower threshold for 
treatment may be warranted in women with chronic kidney disease. 
Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers are 
contraindicated in pregnancy and should be discontinued before conception when 
possible. 

Pheochromocytoma and renovascular hypertension are associated with poor maternal and 
fetal prognoses, whereas women with primary aldosteronism may have relatively 
uncomplicated pregnancies. 

Pregnant women with underlying kidney disease may experience a significant increase in 
urine protein excretion that is associated with worse fetal prognosis but does not 
necessarily reflect worsening of their disease. 

Women with type | diabetes who have only microalbuminuria associated with well- 
preserved kidney function and normal blood pressure have pregnancy outcomes similar 
to those in the general population and a low risk for deterioration in kidney function. 
Conception is not recommended in patients with systemic lupus erythematosus unless 
their disease has been inactive for the preceding 6 months. 

Chronic glomerulonephritis should be suspected in pregnant women when hypertension, 
proteinuria, or an elevated serum creatinine level is detected during the first antepartum 
visit. 

Management of pregnant patients with chronic pyelonephritis should include high fluid 
intake and frequent screening for bacteriuria, which, if left untreated, may contribute to 
preterm labor. 

Delivery and supportive care are indicated to treat preeclampsia and the HELLP 
syndrome (Hemolysis, Elevated Liver enzymes, Low Platelets) in pregnant patients, and 
kidney function in patients with these disorders usually returns to normal within days to a 
few weeks of delivery. 

Management of bilateral ureteric obstruction in pregnant patients may include temporary 
placement of retrograde or percutaneous ureteral stents until the fetus reaches maturity. 
Successful pregnancy in patients undergoing dialysis depends on an increase in weekly 
hours of dialysis from 12 to more than 20, minimal weight gain between dialysis 
sessions, and aggressive management of anemia. 

Kidney transplantation recipients should wait 1 to 2 years post transplantation before 
conceiving, and pregnancy is not recommended if the serum creatinine level is above 2 
mg/dL (177 pmol/L). 
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Kidney Anatomy and Physiology in the Pregnant Patient 


e Changes in the Urinary Tract 
e Hemodynamic Changes and Volume Regulation 
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Changes in the Urinary Tract 


During normal gestation, blood flow to the kidneys significantly increases coincidentally with 
increased levels of estrogen, progestin, and relaxin. Dilatation of kidney calices, pelvices and the 
ureters also occurs in conjunction with these changes. Ureteric dilatation dramatically increases 
during the second trimester and can be mistaken for obstructive nephropathy on imaging studies. 
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Hemodynamic Changes and Volume Regulation 


Pregnancy is characterized by marked and sustained systemic vasodilatation and reduced 
systemic vascular resistance that can be detected by 6 weeks of pregnancy. The kidney plasma 
flow and glomerular filtration rate (GFR) remain increased throughout gestation but peak during 
the first trimester. The increase in the GFR causes a decrease in the serum creatinine level. The 
ratio of GFR to kidney plasma flow, otherwise known as the filtration fraction, slightly decreases 
during pregnancy. 


Urine protein excretion increases during pregnancy to 150 to 300 mg/24 h. Sodium reabsorption 
and total body water also increase, resulting in an increase in plasma volume. The increased 
renin release associated with pregnancy leads to an increase in aldosterone production, sodium 
retention and a slight decrease in serum potassium levels. Increases in cardiac output and plasma 
volume that occur in the second and third trimester contribute to the anemia of pregnancy. 
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Acid-Base Regulation 


During pregnancy, hypocapnia and chronic respiratory alkalosis with an average arterial PCO2 of 
30 mm Hg develop. A compensatory increase in urine bicarbonate excretion and a decrease in 
serum bicarbonate levels of approximately 4 meq/L (4 mmol/L) also occur. 
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Water Metabolism 


Pregnant women typically have a plasma osmolality 5 to 10 mosm/kg H20 (5 to 10 mmol/kg 
H20) lower than nongravid women. Pregnant women also have decreased osmotic thresholds for 
thirst and arginine vasopressin release. 
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Hypertensive Disorders Associated with Pregnancy 


e Preeclampsia 
e Gestational Hypertension 


e Chronic Hypertension 
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Preeclampsia 


e Pathophysiology and Epidemiology 
e Clinical Manifestations and Diagnosis 


e Prevention and Management 
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Pathophysiology and Epidemiology 


Preeclampsia is characterized by new-onset hypertension, at least 1+ protein on dipstick 
urinalysis, and a urine protein excretion of 300 mg/24 h or higher. This condition can develop 
anytime after 20 weeks of pregnancy but usually occurs close to term. Preeclampsia associated 
with seizures is known as eclampsia. 


Preeclampsia is more common in nulliparous women, those with multiple gestations, and 
individuals at the extremes of reproductive age. Patients with preexisting kidney disease, 
hypertension, diabetes mellitus, obesity, hydatidiform mole, thrombophilic disorders, and the 
antiphospholipid antibody syndrome also have an increased risk of preeclampsia. 
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Clinical Manifestations and Diagnosis 


Clinical manifestations of preeclampsia may include headache, visual disturbances, liver 
dysfunction, and fetal growth restriction. The HELLP syndrome (Hemolysis, Elevated Liver 
enzymes, Low Platelets) is a variant of preeclampsia. 


Early diagnosis of preeclampsia is critical to initiate appropriate management. Patients with 
preeclampsia usually have a serum creatinine level from 0.8 to 1.2 mg/dL (70.7 to 106.1 
umol/L), which is normal for nonpregnant patients but elevated for pregnant individuals. A 
serum uric acid level above 4.5 mg/dL (0.3 mmol/L) and marked hypocalciuria (characterized by 
urine calcium excretion below 100 mg/24 h [2.5 mmol/d]) also should raise suspicion for 
preeclampsia. 
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Prevention and Management 


Low-dose aspirin (75 to 150 mg/d) is associated with a 10% to 15% relative risk reduction in 
preventing preeclampsia and reducing adverse maternal and fetal outcomes. Calcium 
supplements reduce hypertension and preeclampsia modestly only in women consuming a 
baseline low-calcium diet. 


Management of patients with preeclampsia typically includes bed rest, antihypertensive therapy, 
close monitoring of maternal and fetal conditions, and prevention of convulsions. Hospitalization 
is recommended except in patients with extremely mild disease. 


Because clinical manifestations of preeclampsia resolve within days to weeks of delivery, 
definitive management of this condition is delivery of the fetus. Women with preeclampsia 
remote from term may require preterm delivery, which can be associated with fetal morbidity 
and mortality. Delivery should be considered in all patients who develop preeclampsia at term 
and in patients with signs of impending eclampsia such as hyperreflexia, headaches, and 
epigastric pain or those with uncontrollable hypertension. A platelet count below 100,000/uL 
(100 x 10°/L) and/or elevated liver enzymes, which are features of the HELLP syndrome, may 
require immediate delivery. 


Lowering mildly elevated blood pressure neither resolves preeclampsia nor prevents adverse 
maternal consequences of accelerated hypertension. No consensus exists for a target blood 
pressure in women with preeclampsia and severe hypertension, but levels that exceed 150/100 
mm Hg may be hazardous in those with previously low-normal blood pressure. Parenteral 
antihypertensive therapy is recommended when delivery is likely to take place in the next 24 
hours, whereas oral therapy is recommended if delivery can safely be postponed (Table 32). 


Magnesium sulfate has been shown to prevent and treat eclampsia and is superior to phenytoin 
and diazepam in managing seizures. Furthermore, this agent mildly decreases blood pressure 


levels in some women. Because convulsions are most likely to occur in the immediate 
postpartum period, magnesium sulfate therapy is usually initiated immediately after delivery. 


Table 32. Drugs for Urgent Control of Severe Hypertension 
in Pregnancy 


Drug U.S. FDA Comments” 
Pregnancy 
Category 
Labetalol C Due to a lower incidence of maternal hypotension and other 


side effects, use of this agent now supplants that of hydralazine; 
avoid in women with asthma or heart failure 

Hydralazine C A drug of choice according to NHBPEP; long experience of 
safety and efficacy 

Nifedipine C The authors prefer long-acting preparations; obstetric 
experience with short-acting agents has been favorable but is 
not U.S. FDA approved for management of hypertension 


Diazoxide C Use is waning; may arrest labor; causes hyperglycemia 
Nitroprusside C” Possible cyanide toxicity if used for >4 hours; agent of last 
resort 


FDA = Food and Drug Administration; NHBPEP = National High Blood Pressure Education 
Program. 


“Adverse effects for all agents, except as noted, may include headache, flushing, nausea, and 
tachycardia. 


This agent would be classified as a U.S. FDA category D agent in pregnancy; there is positive 
evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable 


despite the risk. 


Data from Briggs GG, Freeman RK, Yaffe SJ. Drugs in Pregnancy and Lactation. 8th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2008. 


PreviousNext 


Gestational Hypertension 


Gestational hypertension refers to high blood pressure that first develops at 20 weeks of 
pregnancy or later and is not associated with proteinuria. This condition may be confused with 


chronic hypertension in women whose blood pressure often decreases in early pregnancy but 
later increases. 


Approximately 15% to 45% of women initially diagnosed with gestational hypertension develop 
preeclampsia. Risk factors for the development of preeclampsia in patients with gestational 
hypertension include onset of gestational hypertension before 20 weeks of pregnancy, a previous 
pregnancy complicated by hypertension, and higher blood pressure. 


No evidence exists showing that targeted blood pressure control prevents preeclampsia, and 
antihypertensive therapy in patients with gestational hypertension should focus on preventing 
maternal consequences of severe hypertension (Table 33). 


Table 33. Drugs for Gestational or Chronic Hypertension in 
Pregnancy? 


Drug U.S. FDA Comments 
Pregnancy 
Risk Category 
Preferred Agent 

Methyldopa B Drug of choice according to NHBPEP; safety after first 

trimester well documented, including 7-year follow-up of 

offspring 

Second-Line Agents 
Labetalol C May be associated with fetal growth restriction 
Nifedipine C May inhibit labor and have synergistic action with 


magnesium sulfate in lowering blood pressure; little 
experience with other calcium channel blockers 
Hydralazine C Few controlled trials; long experience with few adverse 
events documented; useful in combination with 
sympatholytic agents; may cause neonatal 


thrombocytopenia 
B-Receptor C May decrease uteroplacental blood flow; may impair fetal 
antagonists response to hypoxic stress; risk of growth restriction when 


started in first or second trimester with use of atenolol; 
may be associated with neonatal hypoglycemia at higher 
dosages 

Hydrochlorothiazide C” Most controlled studies were performed in normotensive 
pregnant women rather than hypertensive patients; can 
cause volume contraction and electrolyte disorders; may be 
useful in combination with methyldopa and a vasodilator 
to mitigate compensatory fluid retention 


FDA = U.S. Food and Drug Administration; NHBPEP = National High Blood Pressure 
Education Program. 


“No antihypertensive agent has been proven safe for use during the first trimester. 
Classified by Briggs et al. as a U.S. FDA category D agent in pregnancy; there is positive 
evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable 


despite the risk. 


Data from Briggs GG, Freeman RK, Yaffe SJ. Drugs in Pregnancy and Lactation. 8th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2008. 
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Chronic Hypertension 


e Essential Hypertension 
e Secondary Hypertension 
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Essential Hypertension 


During pregnancy, blood pressure levels typically decrease early in the first trimester and may 
remain lower than nonpregnant levels until term. Therefore, most women with stage 1 essential 
hypertension do well during pregnancy. 


However, pregnant women with more severe hypertension; a longer duration of hypertension; 
and cormorbidities such as diabetes mellitus, chronic kidney disease (CKD), and vasculitis have 
a higher incidence of complications than the general population. During pregnancy, up to 25% of 
women with chronic or preexisting hypertension develop superimposed preeclampsia. 


Maintaining blood pressure levels close to normal has not been shown to prevent the 
development of superimposed preeclampsia. In women with chronic hypertension who had mild 
to moderately elevated blood pressure before pregnancy, physiologic vasodilatation may cause a 
decrease in blood pressure early in pregnancy. Furthermore, in the absence of known target 
organ damage, discontinuation of antihypertensive medications and close monitoring may be 
sufficient in these patients. Therapy can then be initiated if the blood pressure increases to 140 to 
150/90 to 100 mm Hg, but a slightly lower threshold for treatment may be warranted in women 
with CKD. 


Standard dosages of oral antihypertensive agents can be used during pregnancy (see Table 33). 
Early first-trimester exposure to angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers has been associated with mild fetal cardiac abnormalities, and exposure later in 
pregnancy is associated with severe adverse fetal effects such as kidney agenesis and neonatal 
anuric kidney failure. Therefore, these agents are contraindicated in pregnancy and should be 
discontinued before conception when possible. 
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Secondary Hypertension 


Kidney disease is the most common cause of secondary hypertension. Pregnant women with 
stage 3 or higher CKD, especially when hypertension is present, have a high incidence of 
preeclampsia and preterm birth. 


Pheochromocytoma and renovascular hypertension are associated with poor maternal and fetal 
prognoses. Accelerated hypertension, superimposed preeclampsia, and fetal demise in particular 
are more common in patients with these disorders. Conversely, women with primary 
aldosteronism, and particularly those with stage 1 hypertension, may have relatively 
uncomplicated pregnancies. 


If women are first evaluated after conception for secondary hypertension, laboratory studies can 
be performed to exclude pheochromocytoma and to screen for primary aldosteronism (see 
Hypertension). However, stimulation of the renin-angiotensin-aldosterone system that occurs in 
normal pregnancy complicates interpretation of the plasma renin and aldosterone levels and 
makes diagnosis of hyperaldosteronism extremely difficult. 


Renovascular hypertension is similarly difficult to diagnose during pregnancy. Magnetic 
resonance angiography can help to diagnose renal artery lesions. Kidney angioplasty also has 
been performed successfully in the early second trimester and should be considered in women 
with severe, poorly controlled hypertension. 
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Kidney Disease in the Pregnant Patient 


The greater the degree of kidney function impairment and high blood pressure, the less likely a 
patient is to have a successful pregnancy. 


Among women with moderate or severe kidney dysfunction (characterized by a serum creatinine 
level above 1.5 mg/dL [132.6 umol/L] or stage 3 or higher CKD), 40% of pregnancies are 

complicated by hypertension, worsening proteinuria, or deterioration in kidney function that may 
be irreversible. Women without hypertension who have minimal proteinuria are significantly less 


likely to develop irreversible deterioration in kidney function during pregnancy. The presence of 
hypertension, and particularly severe hypertension at any time during pregnancy, also is 
associated with premature delivery. 


In pregnant women with underlying kidney disease, the urine protein excretion may significantly 
increase. This increased proteinuria is associated with worse fetal prognosis, but the increase in 
proteinuria does not necessarily reflect worsening of the underlying kidney disease. 
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Diabetes Mellitus 


One of the most common medical disorders in pregnant patients is diabetes mellitus, which is 
usually caused by gestational diabetes or, less commonly, type 1 diabetes. 


Women with type | diabetes who have only microalbuminuria associated with well-preserved 
kidney function and normal blood pressure have pregnancy outcomes similar to those in the 
general population as well as a low risk for deterioration in kidney function. Nevertheless, these 
patients have an increased risk for preeclampsia and urinary tract infection. 


Strict glucose control is associated with improved fetal outcome. Patients taking angiotensin- 
converting enzyme inhibitors or angiotensin receptor blockers should be switched before 
conception to alternative agents such as methyldopa or a dihydropyridine calcium channel 
blocker. 
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Systemic Lupus Erythematosus 


Systemic lupus erythematosus (SLE) is associated with significant maternal and fetal risk and 
tends to become more active during pregnancy. Generally, women who become pregnant who 
have SLE, and particularly those with active disease, have an increased risk for mortality, 
preeclampsia, and preterm delivery compared with the general population. Maternal and fetal 
outcomes are even worse when SLE is active at conception and in patients who have kidney 
involvement. Conception is therefore not recommended in patients with SLE unless their disease 
has been inactive for the preceding 6 months. 


Women with SLE may have elevated titers of antiphospholipid antibodies and lupus 
anticoagulant, which are associated with spontaneous fetal loss, hypertensive syndromes 
indistinguishable from preeclampsia, and thrombotic events. Aspirin, 80 to 325 mg/d, is 
recommended if anticardiolipin antibody titers are elevated or the lupus anticoagulant is 
detected; the lupus anticoagulant also should be treated. Combination therapy with subcutaneous 
heparin and aspirin is recommended in patients with a history of thrombotic events. Emergency 


delivery may be necessary in patients with progressively active SLE-related kidney disease 
whose kidney function continues to decline despite immunosuppressive therapy and supportive 
care. 


Appropriate therapy for lupus nephritis during pregnancy includes corticosteroids and 
azathioprine. Patients contemplating pregnancy despite counseling to the contrary who are 
already using agents that are potentially toxic to a fetus, such as cyclophosphamide and 
mycophenolate mofetil, should switch to azathioprine and corticosteroids. 
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Chronic Glomerulonephritis 


CKD may be first diagnosed during pregnancy because pregnant patients undergo frequent blood 
pressure measurements and urinalyses. Chronic glomerulonephritis should be suspected when 
hypertension, proteinuria, or an elevated serum creatinine level are detected during the first 
antepartum visit. 


The presence of significant kidney dysfunction (characterized by a serum creatinine level above 
1.5 mg/dL [132.6 umol/L] or stage 3 or higher CKD) with or without proteinuria is more 
consistent with glomerulonephritis than preeclampsia. Chronic glomerulonephritis also should be 
suspected when kidney dysfunction and proteinuria develop in normotensive women. 


Whether histologic subtyping of a kidney biopsy specimen can help to determine prognosis for 
pregnancy is uncertain. Therefore, kidney biopsy in pregnant patients usually is deferred until 
after delivery unless acute deterioration in kidney function or nephrotic syndrome is present. 
However, patients with normal kidney function without hypertension generally have a favorable 
prognosis. 
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Autosomal-Dominant Polycystic Kidney Disease 


Overall, fertility in women with autosomal-dominant polycystic kidney disease (ADPKD) is the 
same as in the general population. The presence of preexisting hypertension and kidney 
dysfunction in patients with ADPKD who become pregnant poses an increased risk for 
complications such as preeclampsia, preterm delivery, and intrauterine growth retardation. 
Ciliary abnormalities related to ADPKD also may pose an increased risk for ectopic pregnancy. 
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Chronic Pyelonephritis 


Chronic pyelonephritis is characterized by recurrent urinary tract infections that are often 
associated with urinary tract abnormalities such as vesicoureteral reflux and may be exacerbated 
by pregnancy-related dilatation and stasis in the urinary tract. Management of patients with 
chronic pyelonephritis should include high fluid intake and frequent screening for bacteriuria, 
which, if left untreated, may contribute to preterm labor. 
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Acute Kidney Injury 


Acute kidney injury (AKI) in pregnant patients usually develops between 35 weeks of pregnancy 
and the puerperium and is primarily caused by severe preeclampsia, bleeding complications, or 
urinary tract obstruction. AKI that develops between 12 and 18 weeks of pregnancy usually is 
associated with septic abortion or prerenal azotemia caused by hyperemesis gravidarum. 


Management of AKI that occurs during pregnancy or immediately post partum is similar to that 
in nongravid patients (see Acute Kidney Injury). Because urea and other metabolites that 
accumulate in kidney failure traverse the placenta, dialysis should be performed early with the 
goal of maintaining a blood urea nitrogen level below 50 mg/dL (17.9 mmol/L). 
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Preeclampsia and the Thrombotic Microangiopathies 


Preeclampsia causes a decrease in the GFR and in kidney blood flow, but kidney function in this 
setting usually remains within the normal range for nonpregnant patients. Therefore, 
preeclampsia is only rarely associated with severe AKI and is usually only present in patients 
with AKI when accompanied by the HELLP syndrome. 


The thrombotic microangiopathies, thrombotic thrombocytopenic purpura and hemolytic-uremic 
syndrome, also are rare but important pregnancy-related causes of AKI. Manifestations of these 
conditions may resemble pregnancy-specific disorders such as the HELLP syndrome and acute 
fatty liver of pregnancy (see Pregnancy-Related Liver Disease in MKSAP 15 Gastroenterology 
and Hepatology). 


Delivery and supportive care are indicated to treat preeclampsia and the HELLP syndrome, and 
kidney function usually returns to normal within days to a few weeks of delivery. Kidney biopsy 
may be appropriate if kidney function does not improve within 1 to 3 weeks of delivery but 
warrants caution because of the low platelet count and increased risk for bleeding associated with 
the thrombotic microangiopathies. 


Pregnant patients with thrombotic thrombocytopenic purpura-hemolytic uremic syndrome may 
be managed with plasma exchange and other interventions used in nonpregnant patients. 


Hemolytic uremic syndrome is often associated with kidney failure and may be resistant to 
treatment with plasma infusion or exchange. 
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Obstruction 


Although unilateral dilatation and partial obstruction of the right ureter are common in 
pregnancy, AKI caused by obstruction is rare and most often occurs in the setting of significant 
polyhydramnios, multiple gestations, bilateral nephrolithiasis, or intra-abdominal adhesions. 


Management of bilateral ureteric obstruction in pregnant patients may include temporary 
placement of retrograde or percutaneous ureteral stents until the fetus reaches maturity. In 
addition, management of polyhydramnios helps to delay the onset of preterm labor and reduces 
obstruction. 
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Management of End-Stage Kidney Disease During 
Pregnancy 


e Dialysis 
e Kidney Transplantation 


PreviousNext 
Dialysis 


Pregnancy rarely occurs in women on dialysis. However, improved management of anemia and 
an increase in the number of women of childbearing potential undergoing dialysis have led to an 
increase in fertility rates in women with end-stage kidney disease (ESKD). 


Possible maternal complications of dialysis include accelerated hypertension, cerebrovascular 
accidents, and mortality. Common fetal complications of this therapy include extremely low 
birth weight and intrauterine growth restriction. Polyhydramnios-related preterm labor also can 
result in premature delivery. Furthermore, the increased blood urea nitrogen level associated with 
dialysis may cause fetal osmotic diuresis beginning at 19 weeks of pregnancy. 


Successful pregnancy in patients undergoing dialysis depends on an increase in weekly hours of 
dialysis from 12 to more than 20, minimal weight gain between dialysis sessions, and aggressive 
management of anemia. 
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Kidney Transplantation 


Women with ESKD may have a successful pregnancy after undergoing kidney transplantation. 
However, these patients should wait 1 to 2 years post transplantation before conceiving, and 
pregnancy is not recommended if the serum creatinine level is above 2 mg/dL (177 pmol/L). 


Complications in kidney transplantation recipients who become pregnant include impaired 
glucose tolerance, hypertension, increased risk for infection, ectopic pregnancy, and uterine 
rupture. Fetal complications in these patients include a higher incidence of premature delivery, 
intrauterine growth restriction, congenital anomalies, hypoadrenalism, thrombocytopenia, and 
infection. 
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Chronic Kidney Disease 


Chronic kidney disease (CKD) is characterized by either kidney damage or a glomerular 
filtration rate (GFR) less than 60 mL/min/1.73 m° that persists for 3 months or more. Kidney 
damage in this setting refers to structural or functional abnormalities of the kidney that may 
manifest as abnormalities in kidney pathology, results of laboratory studies such as urinalysis, or 
imaging studies of the kidneys. CKD is classified according to the degree of functional 


impairment in GFR as estimated by the Modification of Diet in Renal Disease Study equation 
(Table 34). 


Table 34. Stages of Chronic Kidney Disease 


Stage Description GFR° Action 
(mL/min/1.73 
m’) 
1 Kidney damage with >90 Treatment of comorbid condition, interventions 
normal GFR to slow disease progression, reduction of risk 
factors for cardiovascular disease 
2 Kidney damage with 60-89 Estimate disease progression 
mildly decreased 
GFR 
3 Moderately 30-59 Evaluation and treatment of disease 
decreased GFR complications (such as anemia, renal 
osteodystrophy) 
4 Severely decreased 15-29 Preparation for kidney replacement (dialysis, 
GFR transplantation) 
5 Kidney failure <15 (or dialysis) Kidney replacement therapy if uremia is present 


GFR = Glomerular filtration rate; MDRD = Modification of Diet in Renal Disease Study. 


“MDRD equation: GFR (mL/min/1.73 mô) = 186 x [serum creatinine]! x (age)??? x 0.742 (if 
female) x 1.21 (if black) 


Modified with permission from Alguire, PC. Internal Medicine Essentials for Clerkship Students 
2007-2008. Philadelphia: American College of Physicians; 2007. 


Key Points 


e Chronic kidney disease is characterized by either kidney damage or a glomerular 
filtration rate less than 60 mL/min/1.73 m” that persists for 3 months or more. 

e Major risk factors for chronic kidney disease include diabetes mellitus, hypertension, 
obesity, and the metabolic syndrome. 

e Clinical features predictive of accelerated disease progression in patients with chronic 
kidney disease include degree of proteinuria, hypertension, and black race. 

e A personal history of diabetes, hypertension, or cardiovascular disease carries the highest 
risk for developing chronic kidney disease. 

e In patients with risk factors for chronic kidney disease, screening with urinalysis, a urine 
protein- or albumin-creatinine ratio from a first morning voided specimen, serum 
creatinine level measurement, and estimation of the glomerular filtration rate is indicated. 


Evaluation of all patients with chronic kidney disease should include urinalysis, 
evaluation of urine sediment, kidney ultrasonography, and measurement of the serum 
electrolytes and a random urine protein-creatinine ratio. 

Biopsy should be considered in patients with chronic kidney disease who have evidence 
of glomerular disease in the absence of diabetes or in patients with diabetes with atypical 
features, such as the absence of retinopathy or the development of sudden-onset nephrotic 
syndrome or glomerular hematuria. 

Complications associated with chronic kidney disease include cardiovascular disease, 
anemia, and chronic kidney disease-mineral and bone disorder. 

Treatment of hypertension in patients with chronic kidney disease protects against both 
progressive chronic kidney disease and cardiovascular disease. 

Anemia of chronic kidney disease is a diagnosis of exclusion, and the presence of other 
causes of anemia such as gastrointestinal bleeding, vitamin B12 deficiency, or hemolysis 
should be investigated. 

Use of erythropoietin-stimulating agents such as epoetin and darbepoietin alfa can correct 
erythropoietin deficiency and should be considered for patients with chronic kidney 
disease who have hemoglobin levels below 10 g/dL (100 g/L). 

Patients with chronic kidney disease and anemia should be treated to a target hemoglobin 
level from 11 to 12 g/dL (110 to 120 g/L), and hemoglobin levels should not exceed 13 
g/dL (130 g/L). 

Management of chronic kidney disease-mineral and bone disorders involves controlling 
the serum parathyroid hormone and phosphorus levels, restriction of phosphorus-rich 
foods, and the use of phosphate binders. 

Patients with chronic kidney disease may develop renal osteodystrophy that manifests as 
osteitis fibrosa cystica, osteomalacia, adynamic bone disease, mixed uremic 
osteodystrophy, osteoporosis, and amyloidosis. 

General management of patients with chronic kidney disease should attempt to delay 
disease progression, treat symptoms, and reduce risk factors for disorders that have an 
increased prevalence in patients with this disease. 

Ideally, the hemoglobin A,, level in patients with chronic kidney disease who have 
diabetes should be maintained between 7% and 7.9%. 

Nephrotoxic agents such as magnesium- and phosphate-containing cathartics, NSAIDs, 
selective cyclooxygenase-2 inhibitors, and iodinated contrast are not recommended for 
patients with chronic kidney disease, and metformin and bisphosphonates should be used 
with caution. 

Experts recommend blood pressure targets of less than 130/80 mm Hg for patients with 
chronic kidney disease and less than 125/75 mm Hg for patients with proteinuria greater 
than 1 g/24 h. 

Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers are the 
preferred antihypertensive agents in patients with chronic kidney disease. 

Most patients with advanced chronic kidney disease require at least two antihypertensive 
agents to achieve blood pressure goals, and restriction of sodium to less than 2.4 g/d and 
adding furosemide can enhance the effects of antihypertensive agents. 

Discussions regarding the need for kidney replacement therapy should begin at least 1 
year before the anticipated start of dialysis or when the glomerular filtration rate 
decreases below 30 mL/min/1.73 m”. 


e Kidney transplantation is the treatment of choice for most patients with end-stage kidney 
disease. 

e To preserve veins for dialysis access, venipuncture and intravenous cannulation above the 
level of the hands ideally should be avoided once the GFR decreases below 60 
mL/min/1.73 m’. 

e Peripherally inserted central venous catheters are discouraged in patients with chronic 
kidney disease who are considering dialysis. 

e Dialysis should be initiated before symptoms of advanced uremia develop. 

e End-stage kidney disease is associated with an increased risk for cardiovascular disease, 
acquired cystic disease, and cancer of the kidneys. 

e Preemptive kidney transplantation before initiation of dialysis and transplantation 
performed after shorter periods of dialysis are associated with both patient and allograft 
survival advantages. 

e Common contraindications to kidney transplantation include recent or metastatic 
malignancy, current untreated infection, severe irreversible extrarenal disease, a history 
of nonadherence, inability to give informed consent, active use of illicit drugs, and 
primary oxalosis without plans for liver transplantation. 

e One- and 5-year graft survival with living donor kidney transplantation is significantly 
higher than with deceased donor transplantation. 

e Inthe absence of kidney donation from an identical twin, immunosuppression with both 
induction and maintenance therapy is needed in kidney transplant recipients to prevent 
the immune system from rejecting the transplanted organ. 

e Kidney transplant recipients have an increased risk for cardiovascular disease, infection, 
and malignancy; in addition, focal segmental glomerulosclerosis commonly recurs early 
in the posttransplantation period. 

e Kidney transplant recipients may have an increased risk of fractures caused by 
corticosteroid use, bone quality abnormalities, and vitamin D deficiency. 

e Pregnancy in a transplant recipient is possible but is considered high risk. 
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Pathophysiology and Epidemiology 


Approximately 16% of the U.S. population has CKD. The prevalence is increasing, possibly 
because of the increased incidence of major risk factors for CKD such as diabetes mellitus, 
hypertension, obesity, and the metabolic syndrome. CKD is more prevalent among individuals 
with lower socioeconomic status. 


Patients with CKD typically experience a progressive decline in the GFR. The rate at which this 
value decreases ranges from less than 1 mL/min/1.73 m? yearly to over 12 mL/min/1.73 m? 
yearly in patients with untreated diabetic nephropathy. 


Clinical features predictive of accelerated disease progression in patients with CKD include the 
degree of proteinuria, hypertension, and black race. 
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Screening 


Screening high-risk patients for CKD allows for early detection of this condition and the 
implementation of effective interventions to slow progression of kidney disease and treat the 
manifestations of CKD. All patients should be assessed for the presence of risk factors for CKD 
(Table 35). A personal history of diabetes, hypertension, or cardiovascular disease carries the 
highest risk for developing this condition. In patients with risk factors for this condition, 
screening with urinalysis, a urine protein- or albumin-creatinine ratio from a first morning voided 
specimen, and serum creatinine level measurement with corresponding estimation of the GFR is 
indicated. 


Use of the patient-centered tool known as SCreening for Occult REnal Disease (SCORED) 
survey also may help to stratify risk for CKD (Figure 20). When using a cutoff value of four 
points in a community population, this screening tool was most accurate in excluding occult 
kidney disease with a sensitivity of 92%, specificity of 68%, positive predictive value of 18%, 
and negative predictive value of 99%. 


Find out if you might have silent chronic kidney disease now. Check each statement that is 
true for you. If a statement is not true or you are not sure, put a zero. Then add up all the 
points for a total. 


+ Age: 
1. lam between 50 and 59 years of age Yes2 
2. | am between 60 and 69 years of age Yes 3 


3. | am 70 years old or older Yes4_ 

+ | have a history of heart attack or stroke 

* | have a history of heart failure 

e | have circulation disease in my legs 

+ | have protein in my urine 
Total __— 

If You Scored 4 or More Points 

You have a 1 in 5 chance of having chronic kidney disease. At your next office visit, 


a simple blood test should be checked. Only a professional health care provider can 
determine for sure if you have kidney disease. 


If You Scored 0-3 Points 


You probably do not have kidney disease now, but at least once a year, you should 
take this survey. 


Figure 20. The SCreening for Occult REnal Disease 
(SCORED) survey. 


Modified with permission from Bang H, Vupputuri S, Shoham DA, Klemmer PJ, Falk RJ, 
Mazumdar M, et al. SCreening for Occult REnal Disease (SCORED): a simple prediction model 


for chronic kidney disease. Arch Intern Med. 2007;167:374-81. [PMID: 17325299] Copyright © 
2007, American Medical Association. 


Table 35. Risk Factors for Chronic Kidney Disease 


Diabetes mellitus 

Hypertension 

Hyperlipidemia 

Cardiovascular disease 

Obesity 

Metabolic syndrome 

Age >60 years 

Malignancy 

Family history of chronic kidney disease 
Smoking 

HIV infection 

Hepatitis C virus infection 

Kidney stones 

Autoimmune disease 

Recurrent urinary tract infection 
Recovery from acute kidney injury 
Exposure to nephrotoxic drugs, such as NSAIDs and cyclooxygenase-2 inhibitors 
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Clinical Manifestations 


The underlying cause and stage of CKD determine the clinical manifestations of this condition. 
Patients with stages | and 2 CKD are often asymptomatic; for example, patients with incipient 
diabetic nephropathy may present with asymptomatic microalbuminuria. However, those with 
advanced diabetic nephropathy associated with nephrotic-range proteinuria often have evidence 
of retinopathy and neuropathy. Patients with stages 3 and 4 CKD usually have progressive 
cardiovascular disease, abnormalities in bone and mineral metabolism, and anemia. 
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Diagnosis and Evaluation 


The clinical presentation of CKD is frequently subtle. Many patients with CKD seek medical 
attention for the first time late in the disease course for nonspecific symptoms of fatigue caused 
by progressive anemia and azotemia. Often, CKD remains undiagnosed until the GFR decreases 
to 5 to 10 mL/min/1.73 m’, at which time kidney replacement therapy is needed. 


All patients with CKD should undergo evaluation for a specific diagnosis (Table 36). A careful 
history and physical examination often help to reveal the cause of CKD. For example, patients 
with long-standing diabetes complicated by both microalbuminuria and diabetic retinopathy most 
likely have diabetic nephropathy, whereas an absence of diabetic retinopathy in this setting 
suggests another cause for CKD. 


Evaluation of patients with CKD should include measurement of the serum electrolytes, 
including sodium, potassium, chloride, bicarbonate, calcium, and phosphorus. Untimed or spot 
urine samples are usually used to detect and monitor proteinuria. In addition, antinuclear 
antibody assays, serum complement level measurement, and protein electrophoresis and/or 
immunofixation may be helpful in patients with systemic vasculitis, proteinuria, and/or 
hematuria. 


A detailed urine sediment analysis and kidney ultrasonography are indicated for all patients with 
CKD (Figure 21). Finally, referral to a nephrologist and kidney biopsy are often needed to 
establish a specific diagnosis. Biopsy also should be considered in patients with CKD who have 
evidence of glomerular disease in the absence of diabetes or in patients with diabetes with 
atypical features, such as the absence of retinopathy or the development of sudden-onset 
nephrotic syndrome or glomerular hematuria. 


Diabetes mellitus 


Yes Size 
No discrepancy 
Atypical features 
= CKD in the absence of retinopathy Ischemic nephropathy Adult polycystic Obstructive 
* Glomerular hematuria À x s 


No 
: < 


Diabetic nephropathy 


af a 
> ar 


x 
Urinalysis and 
UPEP 


‘aa 


Glomerular disease* 
Granular- Myeloma 
epithelial casts light chain nephropathy 


Nephrotoxic/ 


ischemic 
tubular injury 


Figure 21. Diagnostic evaluation of chronic kidney disease. 


Dotted lines emphasize that urinalysis and urine sediment analysis should be performed in all 
patients. 


CKD = chronic kidney disease; WBC = white blood cell; UPEP = urine protein electrophoresis. 


“Consider kidney biopsy. 


Table 36. Differential Diagnosis of Chronic Kidney Disease 


Disease Notes 


Diabetic kidney 
disease 


Nondiabetic 
kidney disease 


Glomerular 
disease 


Tubulointerstitial 
disease 


Vascular disease 


Cystic disease 


Transplantation 


Diabetic kidney disease is the primary cause of CKD in the United States. 
Diabetic kidney disease, particularly type 1, usually follows a characteristic 
course that first manifests as microalbuminuria, then clinical proteinuria, 
hypertension, and declining GFR. Diabetic nephropathy is often 
accompanied by diabetic retinopathy, particularly in patients with type 1 
diabetes mellitus. In patients with type 2 diabetes, the presence of retinopathy 
strongly suggests coexisting diabetic nephropathy. Diabetic nephropathy is 
likely even in the absence of retinopathy, but an evaluation for other causes 
of proteinuria is reasonable. 


May manifest as a “nephritic” picture with hematuria, variable proteinuria, 
and hypertension, often with other systemic manifestations. Common causes 
include postinfectious glomerulonephritis, IgA nephropathy, and 
membranoproliferative glomerulonephritis. Nephrotic syndrome refers to 
high-grade proteinuria (often >3 g/24 h), hypoalbuminemia, and edema. 
Common causes include minimal change disease, focal segmental 
glomerulosclerosis, membranous nephropathy, and amyloidosis. SLE 
commonly affects the kidneys and may cause nephritis or nephritic 
syndrome. A kidney biopsy is often needed to establish a specific diagnosis 
and guide therapy. 


Affected patients generally have bland urinalyses but may have proteinuria, a 
concentrating defect, pyuria, casts, or radiologic abnormalities. Analgesic 
nephropathy, lead nephropathy, chronic obstruction, and reflux nephropathy 
are examples. 


The clinical presentation depends on the type of blood vessels involved 
(small, medium, or large). Patients with small-vessel disease often have 
hematuria, proteinuria, and an associated systemic illness. Patients with 
vasculitis can present with a rapidly progressive glomerulonephritis. 
Examples include sickle cell disease and hemolytic uremic syndrome. 
Hypertension is an example of medium-vessel disease and is the second most 
common cause of CKD in the United States. Hypertensive disease is 
generally slowly progressive and leads to stage 5 CKD in the minority of 
patients. Black patients have more aggressive CKD caused by hypertension. 
Renal artery stenosis is an example of large-vessel disease. 


Affected patients can have normal findings on urinalyses. Diagnosis is 
usually made by imaging techniques and family history. Simple kidney cysts 
are common, particularly in older persons. Autosomaldominant polycystic 
kidney disease types 1 and 2 are the most common forms. 


CKD in the kidney transplant recipient may be caused by chronic rejection, 
drug toxicity, or recurrence of native kidney disease. A careful history, 
measurement of serum drug levels, and often kidney biopsy are required for 
diagnosis. 


CKD = chronic kidney disease; GFR = glomerular filtration rate; SLE = systemic lupus 
erythematosus. 


Modified with permission from Alguire, PC. Internal Medicine Essentials for Clerkship Students 
2007-2008. Philadelphia: American College of Physicians; 2007. 
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Complications 


e Cardiovascular Disease 
e Anemia 
e Chronic Kidney Disease-Mineral and Bone Disorder 
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Cardiovascular Disease 


Recent epidemiologic studies have shown that patients with CKD are more likely to die of 
cardiovascular complications before reaching end-stage kidney disease (ESKD). Patients with 
CKD have an excess burden of cardiovascular disease and mortality as well as an increased 
incidence of risk factors for cardiovascular disease. In addition, low GFR and proteinuria are 
independent risk factors for cardiovascular disease. Furthermore, as CKD progresses, both the 
number of cardiovascular risk factors a patient has and the cardiovascular mortality rate increase. 


A decrease in GFR correlates with a decrease in vascular compliance and aortic elasticity, which 
are associated with increased cardiovascular mortality and increased vascular calcification. A 
decrease in GFR also inversely correlates with an increased risk for heart failure and associated 
mortality, with every 10 mL/min/1.73 m’ decrease in GFR resulting in a 7% increase in mortality 
risk. 


Patients with CKD who have an acute myocardial infarction are less likely to have chest pain but 
are more likely to have atypical symptoms such as dyspnea. Recent evidence suggests that acute 
coronary syndrome is undertreated in patients with CKD. For example, patients with CKD who 
have had an acute myocardial infarction are less likely to receive reperfusion therapy on hospital 
admission or to be prescribed f-blockers, statins, angiotensin-converting enzyme (ACE) 
inhibitors, and aspirin on hospital discharge. 


Fibrinolysis also is more likely to be delayed in patients with CKD, but use of fibrinolytic agents 
most likely does not pose an increased risk of bleeding complications in this setting. In the 
Arterial Revascularization Therapies Study (ARTS), the mortality rate and rates of myocardial 


infarction and stroke were similar in patients treated with either percutaneous bare-metal stenting 
or surgical revascularization. However, the percutaneous intervention group were more likely to 
require secondary revascularization. 


Patients with CKD have been largely excluded from secondary cardiovascular prevention trials. 
Atorvastatin therapy was found to have no survival benefit in patients undergoing hemodialysis 
who have type 2 diabetes. Post hoc analyses of large clinical trials, however, suggest that use of 
statins in patients with stages 2 to 4 CKD is associated with a decreased rate of adverse 
cardiovascular events. In one randomized controlled trial, patients on hemodialysis who used 
carvedilol had a statistically improved mortality rate. 


Treatment of hypertension in patients with CKD protects against progressive CKD and 
cardiovascular disease. Prophylaxis against cardiovascular disease with low-dose aspirin also 
should be considered in patients with CKD. 
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Anemia 


Anemia is associated with decreased quality of life, left ventricular hypertrophy, and 
cardiovascular complications in patients with CKD. The anemia of CKD is primarily caused by 
reduced production of erythropoietin and usually becomes apparent in stages 4 and 5 CKD (see 
Anemia of Kidney Disease in MKSAP 15 Hematology and Oncology). Anemia of CKD is a 
diagnosis of exclusion, and the presence of other causes of anemia such as gastrointestinal 
bleeding, vitamin Bı2 deficiency, or hemolysis should be investigated. Measurement of the 
serum erythropoietin level does not usually help to discriminate among other causes of anemia or 
to guide treatment decisions and is therefore not recommended. 


Use of erythropoietin-stimulating agents (ESAs) such as epoetin and darbepoietin alfa can 
correct erythropoietin deficiency and should be considered for patients with CKD who have 
hemoglobin levels below 10 g/dL (100 g/L). This therapy helps to decrease symptoms of anemia 
and may reduce the need for transfusions. However, results of both the Correction of 
Hemoglobin Outcomes in Renal Insufficiency (CHOIR) study and the Normal Hematocrit study 
showed that patients randomized to receive therapy to obtain hemoglobin levels above 13 g/dL 
(130 g/L) had a higher mortality rate that was approaching statistical significance. Other studies 
have demonstrated increased cerebrovascular and thrombotic events and hypertension as well as 
flu-like symptoms and headache in patients with a target hemoglobin level above 13 g/dL (130 
g/L). 


The 2007 National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF- 
K/DOQD clinical practice guidelines recommended a hemoglobin level targeted to 11 to 12 g/dL 
(110 to 120 g/L), but not exceeding 13 g/dL (130 g/L), in dialysis and nondialysis patients with 
CKD receiving ESAs. Achieving the suggested targeted hemoglobin range is particularly 
difficult because considerable fluctuations in hemoglobin levels commonly occur despite use of 


stable ESA doses. Furthermore, the hemoglobin level should increase by less than 1 g/dL (10 
g/L) over a 2-week period in order to decrease the risk of ESA-associated hypertension. 


Many experts recommend that hemoglobin levels should be monitored every 2 to 4 weeks after 
ESA therapy is initiated. Dose adjustment may be required to achieve the target hemoglobin 
levels and should be performed by either reducing the dose or increasing the dosing interval 
when the hemoglobin level increases above 12 g/dL (120 g/L). ESA therapy should be withheld 
when the hemoglobin level exceeds 13 g/dL (130 g/L) and should be resumed at a decreased 
dose once the hemoglobin decreases to below 12 g/dL (120 g/L). 


In patients with anemia undergoing ESA therapy, iron stores should be maintained with oral or 
parenteral iron to achieve a transferrin saturation of 20% or higher and a serum ferritin level 
above 100 ng/mL (100 ug/L). Parenteral iron in particular is generally required for those 
undergoing hemodialysis. Patients who do not achieve the target hemoglobin level despite ESA 
therapy should be evaluated for iron deficiency, sources of blood loss including menstrual 
bleeding, infection, secondary hyperparathyroidism, nutritional deficiencies, hemolysis, and 
malignancy. Finally, because ESA therapy may be associated with increased blood pressure, 
close monitoring of blood pressure is indicated for patients undergoing this therapy. 
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Chronic Kidney Disease-Mineral and Bone Disorder 


CKD is associated with progressive alterations in mineral and bone metabolism that interact with 
vascular biology. The term CKD-mineral and bone disorder refers to a syndrome of bone and 
extraskeletal calcification that occurs in patients with CKD. 


Secondary hyperparathyroidism and bone disease affect almost all patients with CKD. 
Hyperphosphatemia, hypocalcemia, and deficiency of 1,25-dihydroxyvitamin D stimulate 
parathyroid hormone secretion. In patients with CKD, fragments of parathyroid hormone 
containing various lengths of carboxyterminal parts of the molecule accumulate. To obtain an 
accurate measurement of the serum parathyroid hormone level in patients with CKD, the NKF 
K/DOQI clinical practice guidelines recommend use of the “two-site” intact parathyroid 
hormone assays, which have improved sensitivity and specificity compared with “one-site” 
radioimmunoassays. 


In patients with stages 2 and 3 CKD, increased parathyroid hormone secretion helps to maintain 
the serum calcium level through increased mobilization from bone and decreased urine calcium 
excretion. Patients with stage 3 CKD demonstrate transient postprandial hypocalcemia and 
hyperphosphatemia, which contribute to the increase in parathyroid hormone that precedes the 
onset of sustained hyperphosphatemia that characterizes stages 4 and 5 CKD. This 
hyperphosphatemia directly stimulates parathyroid hormone secretion and reduces 1-a- 
hydroxylase activity, which further exacerbates the 1,25-dihydroxyvitamin D deficiency. 


According to observational studies, elevated serum phosphorus levels are associated with 
increased progression of CKD and increased mortality in patients with ESKD. Some experts also 
propose that altered calcium-phosphorus metabolism is a possible risk factor for cardiovascular 
disease. 


An increase in the calcium-phosphorus product leads to increased medial vascular calcification, 
which can decrease vascular compliance and may contribute to excess cardiovascular mortality. 
Use of vitamin D analogs and calcium supplements in patients with CKD can lead to 
hypercalcemia, elevations in the calcium-phosphorus product, and vascular calcification. 
Therefore, maintaining the optimal balance between treatment of vitamin D deficiency in CKD 
and preventing extraosseous calcification is challenging. 


The optimal management of CKD-mineral and bone disorder remains uncertain. NKF K/DOQI 
clinical practice guidelines are available at the following Web address but are largely opinion 
based: www.kidney.org/professionals/KDOQI/guidelines_bone/index.htm. 


In 2006, the Kidney Disease: Improving Global Outcomes (KDIGO) workgroup recommended 
maintaining serum phosphorus levels within the normal range in patients undergoing 
hemodialysis by means of dietary phosphate restriction and oral phosphate binders. Serum 
calcium levels should also be monitored and maintained within the normal range. 


Intact serum parathyroid hormone levels also should be regularly monitored at least every 4 
months with therapy directed to avoid both high and low levels of this hormone. However, 
achieving target levels of phosphorus and calcium should be prioritized over the management of 
the serum parathyroid hormone level. Intact serum parathyroid hormone levels below 100 pg/mL 
(100 ng/L) should be avoided, and levels above 500 pg/mL (500 ng/L) should be treated if 
accompanied by symptoms or clinical signs of hyperparathyroidism. 


Vitamin D analogs can be used in the treatment of secondary hyperparathyroidism but should be 
discontinued when serum parathyroid hormone levels decrease below target levels, or if calcium 
or phosphate levels increase above target levels. Parathyroidectomy should be considered if 
standard treatments are unsuccessful and serum intact parathyroid hormone levels are 
persistently elevated and accompanied by systemic complications. 


From a physiologic perspective, the ideal treatment of CKD-related mineral disorders would 
prevent the onset of parathyroid hyperplasia in stages 2 to 4 CKD before the onset of irreversible 
parathyroid gland growth. According to the NKF-K/DOQI practice guidelines, control of the 
serum parathyroid hormone and phosphorus levels is critical. Dietary phosphorus restriction, 
including avoidance of phosphorus-rich foods such as dairy products and processed foods, as 
well as the use of phosphate binders is recommended. 


To date, no randomized controlled outcome trials have been performed that address the relative 
benefits and risks of the NKF-K/DOQI guidelines for bone and mineral metabolism in patients 
with CKD who have not yet started dialysis. One observational trial showed a mortality benefit 
associated with use of the vitamin D analog paricalcitol in patients undergoing hemodialysis. 


Vitamin D compounds also have not been shown to consistently reduce parathyroid hormone 
levels in patients with CKD. Furthermore, vitamin D analogs can induce hypercalcemia and 
hyperphosphatemia and therefore should be used with caution. In order to avoid positive calcium 
balance, the total dose of elemental calcium in patients with stage 5 CKD who are using calcium- 
based phosphate binders should not exceed 1000 mg/d. Careful monitoring of the serum calcium, 
phosphorus, and parathyroid hormone levels in order to detect hypercalcemia, 
hyperphosphatemia, or oversuppression of the serum parathyroid hormone may be warranted 
every 4 to 8 weeks and then can be performed quarterly. 


Calcimimetic agents lower serum parathyroid hormone levels and the levels of both components 
of the calcium-phosphorus product. The calcimimetic agent cinacalcet is approved for use only 
in the treatment of secondary hyperparathyroidism in patients with CKD who are receiving 
dialysis. The role of cinacalcet in patients with CKD and secondary hyperparathyroidism who 
have not yet begun dialysis has not yet been validated in randomized controlled trials. 
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Renal Osteodystrophy 


Renal osteodystrophy specifically refers to abnormalities in bone morphology associated with 
CKD. This condition may manifest as osteitis fibrosa cystica, osteomalacia, adynamic bone 
disease, mixed uremic osteodystrophy, osteoporosis, and amyloidosis. 


Most of these conditions are characterized by osteopenia. Adynamic bone disease and mixed 
osteodystrophy are the most common forms of renal osteodystrophy. 


Bone biopsy may be performed when a specific diagnosis is required to guide therapy. Biopsy in 
this setting requires use of tetracycline labeling protocols and should be performed by an 
experienced clinician. In addition, biopsy specimens should be sent to a laboratory that sections 
specimens without previous decalcification. 
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Osteitis Fibrosa Cystica 


Persistent secondary hyperparathyroidism results in a form of high-turnover bone disease known 
as osteitis fibrosa cystica. Affected patients are frequently asymptomatic during early disease but 
later may develop bone pain and increased risk for fractures. 


Radiographs in patients with osteitis fibrosa cystica reveal subperiosteal bone reabsorption, 
particularly in the phalanges and distal clavicles, as well as areas of sclerosis mixed with 
osteopenia in the dorsal spine known as rugger jersey spine (Figure 22). 


Severe secondary hyperparathyroidism also typically causes an elevation in bone-specific serum 
alkaline phosphatase levels. In addition, rapid osteoclastic activity and peritrabecular fibrosis 
associated with osteitis fibrosa cystica result in erosive osteolytic lesions called Brown tumors 
that may mimic neoplastic lesions. 


Treatment of osteitis fibrosa cystica and secondary hyperparathyroidism is directed toward 
control of the serum parathyroid hormone levels with use of vitamin D analogs, cinacalcet, or 
control of hyperphosphatemia. Surgical parathyroidectomy also may be considered in these 
patients. 


Figure 22. Osteitis fibrosa cystica. 


The left image shows a radiograph of the proximal humerus that reveals characteristic cystic 
bone lesions. The right image demonstrates a radiograph of the lateral spine in a patient with 
long-standing end-stage kidney disease. The band-like regions of increased opacity visible at the 
superior and inferior margins of the vertebral bodies are typical of rugger jersey spine. 
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Osteomalacia 


Osteomalacia is a form of low-turnover bone disease characterized by increased unmineralized 
osteoid. This condition is primarily caused by vitamin D deficiency and profound hypocalcemia. 
In patients with CKD, osteomalacia is usually accompanied by concurrent high-turnover bone 
disease and is referred to as mixed osteodystrophy. 
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Adynamic Bone Disease 


The low-turnover condition known as adynamic bone disease is one of the leading causes of 
bone disease in patients with stage 5 CKD. Functional hypoparathyroidism due to excess use of 
vitamin D supplements and/or calcium loading may cause this condition. Adynamic bone disease 
also may develop as a result of excess removal of functional parathyroid tissue after 
parathyroidectomy. 


Patients with adynamic bone disease may have serum parathyroid hormone levels below 100 
pg/mL (100 ng/L) as well as frequent fractures and bone pain. Risk factors for this condition 
include advanced age, diabetes, poor nutrition, and oversuppression of serum parathyroid 
hormone with therapeutic agents. 


Discontinuation of vitamin D analogs and calcium-based binders is indicated for patients with 
adynamic bone disease and/or severe hyperphosphatemia. Cinacalcet also should be discontinued 
when the intact serum parathyroid hormone level decreases below 150 pg/mL (150 ng/L). In 
patients who have undergone parathyroidectomy who have hypoparathyroidism, reimplantation 
of remnant parathyroid tissue into the bone is indicated to restore anabolic parathyroid activity in 
the bone. 
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Osteoporosis 


Osteoporosis commonly occurs in patients with CKD, but diagnosis of this condition is 
complicated by the presence of other bone lesions. Measurement of bone mineral density via 
dual energy x-ray absorptiometry does not reliably predict fracture risk in patients with stages 3 
to 5 CKD or distinguish between forms of renal osteodystrophy. 


Osteoporosis should be suspected in patients with CKD presenting with bone pain and fractures 
who have risk factors for this condition, such as a history of corticosteroid use, hypogonadism, 


poor nutrition, or sustained vitamin D deficiency. Plain films of the bones are nonspecific and 
demonstrate osteopenia. 


In stages 1 and 2 CKD, histologic changes of renal osteodystrophy are likely to be minimal, if 
present. Therefore, dual energy x-ray absorptiometry would be a reasonable modality to diagnose 
osteoporosis. No evidence-based recommendations are available regarding the use of 
bisphosphonates in patients with CKD who have osteoporosis. However, many experts believe 
that indications for bisphosphonate therapy in patients with stages 1 and 2 CKD should mirror 
those of the general population. 


If advanced osteoporosis is suspected in patients with stage 3 to 5 CKD, bone biopsy should be 
considered before bisphosphonate therapy. Furthermore, experts recommend that | year of 
bisphosphonate therapy should only be considered when bone biopsy establishes the diagnosis of 
osteoporosis and fractures are present. 


Because bisphosphonates are eliminated by the kidneys, the dose should be adjusted downward 
as CKD progresses. Once the GFR falls to less than 30 mL/min/1.73 m’, bisphosphonates should 
be discontinued to prevent adynamic bone disease, unless a compelling indication such as 
fractures and bone biopsy—proven osteoporosis is present. 


Acute kidney injury (AKI) may be associated with infusions of zoledronic acid performed in less 
than 15 minutes. Oral bisphosphonates have not been reported to induce AKI, but concern exists 
that all bisphosphonates may contribute to the development of adynamic bone disease in patients 
with stages 4 and 5 CKD. 
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Management 


e General Management 
e Management of Hypertension 


e Treatment of End-Stage Kidney Disease 
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General Management 


General management of patients with CKD should attempt to delay disease progression, treat 
symptoms, and reduce risk factors for disorders that have an increased prevalence in patients 
with CKD, such as cardiovascular disease. Therapeutic targets to delay progression of CKD are 
largely centered on controlling the underlying disease process, treating hypertension, and 
inhibiting the renin-angiotensin-aldosterone system. 


The underlying cause of CKD and the need for immunosuppressive therapy in patients with 
glomerulonephritis and systemic vasculitis should be addressed whenever possible. Metabolic 
acidosis should be treated to maintain a serum bicarbonate level between 20 and 26 meq/L (20 
and 26 mmol/L) to ameliorate protein catabolism and maintain 1-a-hydroxylation of vitamin D. 
Although correction of acidosis in CKD is reasonable from a physiologic standpoint, only 
limited clinical trial data are available to confirm a benefit. 


Dietary protein restriction has been shown to delay progression of CKD in animal models, but its 
benefit in humans remains unproved. Dietary protein restriction to 0.6 to 0.8 g/kg daily 
accompanied by ketoacid supplementation may help to delay the onset of uremic symptoms in 
patients who choose to forego dialysis but carries a risk of protein-calorie malnutrition. 


Maintaining glycemic control is important in patients with CKD who have diabetes. Intensified 
glycemic control delays the progression from normal urine albumin excretion to 
microalbuminuria, clinical proteinuria, and overt nephropathy. Ideally, the hemoglobin Ae level 
should be maintained near 7.0 to 7.9%. 


Nephrotoxic agents such as magnesium- and phosphate-containing cathartics, NSAIDs, selective 
cyclooxygenase-2 inhibitors, and iodinated contrast are not recommended for patients with CKD. 
Metformin should be discontinued once the estimated GFR decreases below 50 mL/min/1.73 m°. 


Most patients also should discontinue use of bisphosphonates once the estimated GFR decreases 
below 30 mL/min/1.73 m° to avoid the potential risk of adynamic bone disease. 


Gadolinium should be not administered to patients with ESKD and should be avoided in patients 
with a GFR below 30 mL/min/1.73 m° to prevent nephrogenic systemic fibrosis. 
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Management of Hypertension 


Lowering blood pressure targets is indicated for all patients with kidney disease and is critical in 
the management of CKD regardless of the underlying disease cause. This intervention helps to 
decrease cardiovascular risk and may help to prevent progression to ESKD. Experts recommend 
blood pressure targets of less than 130/80 mm Hg for patients with minimal proteinuria and less 
than 125/75 mm Hg for patients with significant proteinuria (>1 g/24 h). 


ACE inhibitors or angiotensin receptor blockers (ARBs) are the preferred antihypertensive 
agents in patients with CKD, especially in those with proteinuria. Furthermore, continued use of 
ACE inhibitor therapy in patients with stages 3 and 4 CKD has been associated with a sustained 
renoprotective effect. 


ACE inhibitors and ARBs reduce efferent arteriolar resistance and lower intraglomerular 
pressure and therefore may be associated with a slight increase in the serum creatinine level in 


patients with reduced GFR. An increase in the serum creatinine of up to 30% after initiation of 
these agents is acceptable. Use of these agents also may cause hyperkalemia. 


Initially, once-daily administration of a low-dose ACE inhibitor is indicated to limit the risk of 
hyperkalemia in this setting. Serum potassium and creatinine levels also should be measured 3 to 
5 days after initiation of therapy with an ACE inhibitor or ARB and every 2 to 3 months 
thereafter. In asymptomatic patients, the dose of the preferred antihypertensive agents should be 
titrated weekly until the target blood pressure is achieved. 


Hyperkalemia often can be managed with restriction of dietary potassium to 60 meq/d, adequate 
hydration, and loop diuretics (Figure 23). ACE inhibitor or ARB therapy should be discontinued 
only if medical measures fail to maintain the serum potassium in a safe range. 


Most patients with advanced CKD require at least two antihypertensive agents to achieve blood 
pressure goals. In addition, restriction of sodium to less than 2.4 g/d and adding a diuretic, 
particularly furosemide, can enhance the antihypertensive and antiproteinuric effects of 
antihypertensive agents. However, thiazide diuretics are less effective in patients with stages 4 
and 5 CKD. 


The patient’s condition also should help determine the choice of antihypertensive therapy. For 
example, patients with angina may benefit from use of a B-blocker. 


Moderate hyperkalemia 
(Serum potassium 5.5 to 6.0 meq/L) 


E Step 1 
potassium to 60 meq/d 
Persistent hyperkalemia 
Sodium bicarbonate, two 650 mg tablets Sodium polystyrene sulfonate, 
twice a day at 8 meq each or baking soda, 1.25 g in 5 mL three times daily Step 2 


0.5 to 1 tsp daily (0.5 tsp = 30 meq) with meals 


+ loop diuretic 


Persistent hyperkalemia 


Discontinue ACEI or ARB 


Se 


Figure 23. Management of moderate hyperkalemia in 
patients with chronic kidney disease using angiotensin- 
converting enzyme inhibitor or angiotensin receptor blocker 
therapy. 


ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker. 
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Treatment of End-Stage Kidney Disease 


Management of ESKD consists of dialysis or kidney transplantation. Almost all patients with 
ESKD initially undergo at least some dialysis. 


Discussions regarding the need for kidney replacement therapy should begin at least 1 year 
before the anticipated start of dialysis or when the GFR decreases below 30 mL/min/1.73 m’. At 
this time, the most appropriate method of dialysis as well as a patient’s suitability for 
transplantation should be determined. 
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Dialysis vs. Kidney Transplantation 


Kidney transplantation is the treatment of choice for most patients with ESKD. Outcomes with 
transplantation are more favorable in all groups when compared with dialysis, and 
transplantation also allows patients to have a more normal lifestyle compared with dialysis. 
Transplant recipients have a lower mortality rate than those who remain on dialysis. This benefit 
persists even when only patients eligible for transplantation are considered, which suggests that 
selection bias is not responsible for this difference. 


Although many cardiovascular risk factors are more prevalent after transplantation, the risk for 
cardiovascular mortality in kidney transplant recipients is much lower than in patients who 


undergo dialysis. 


Patients with diabetes also gain the greatest survival advantage by transplantation. 
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Preparation for Dialysis 


To preserve veins for dialysis access, venipuncture and intravenous cannulation above the level 
of the hands ideally should be avoided once the GFR decreases below 60 mL/min/1.73 m’. 
Peripherally inserted central venous catheters also may impair the creation or function of 
arteriovenous fistulas and are discouraged in patients with CKD who are considering dialysis. 
Therefore, the internal jugular site is preferred when central venous access is required. 


PreviousNext 


Initiation of Dialysis 


Exactly when to initiate dialysis and whether early initiation is beneficial remain unclear. 
Dialysis should be initiated before symptoms of advanced uremia develop, and certain 
characteristic complications of CKD may prompt initiation of therapy before patients reach stage 
5 CKD (Table 37). However, starting dialysis when the patient is asymptomatic introduces 
unneeded therapy and places the patient at risk for potential complications. 


Table 37. Indications for Dialysis 


Relative Absolute 
Nausea, vomiting, and poor nutrition caused by Uncontrollable hyperkalemia 
decreased appetite 
Metabolic acidosis Uncontrollable hypervolemia 
Altered mental status (lethargy, malaise), asterixis Altered mental status, somnolence 


Worsening kidney function with glomerular filtration Pericarditis 
rate below 15 to 20 mL/min/1.73 m? 


Bleeding diathesis from uremia-induced 
platelet dysfunction 
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Methodology 


The main forms of dialysis are hemodialysis and peritoneal dialysis. Factors that influence the 
choice of modality include local availability, patient preference, the presence of cardiovascular 
disease precluding volume shifts, and difficult vascular access. In addition, peritoneal dialysis 
requires an intact peritoneum. Both methods require a surgical procedure, and patients who 
choose hemodialysis ideally should have a functioning, permanent vascular access at the time 
dialysis begins. In the United States, significantly more patients undergo hemodialysis than 
peritoneal dialysis. 
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Hemodialysis 


Options for hemodialysis access consist of an arteriovenous fistula, an arteriovenous graft, or a 
catheter (Table 38). Access via an arteriovenous fistula entails anastomosing a vein to an artery 
to allow for arterialization of the vein. Use of an arteriovenous graft involves interposing a 
synthetic conduit between an artery and a vein. Catheter access involves placement of a large- 
gauge tunneled cuffed central venous catheter. 


Native arteriovenous fistulas have excellent long-term patency rates and are consistently 
associated with the lowest mortality risk among all forms of vascular access. Because fistula 
maturation requires 3 to 6 months, referral for vascular surgery should be considered once the 
GFR approaches 25 to 30 mL/min/1.73 m?, the serum creatinine level is greater than 4 mg/dL 
(354 umol/L), or within 1 year of an anticipated need for dialysis. The rate of decline in the GFR 
also should be accounted for when planning the timing of fistula placement, and earlier 
placement is indicated for patients with more rapidly progressing disease. 


Table 38. Types of Dialysis Access Modalities 


Type of When to Place Advantages Disadvantages 
Access 
AV 1 to 6 months before dialysis Excellent patency; lower Long maturation time; 
fistula initiation rate of infection and stenosis failure to develop 
AV graft Between 1 day and 2 to 3 Large surface area; easy Higher rates of infection, 
weeks before dialysis, cannulation; short thrombosis, and stenosis 
depending on the synthetic maturation time; easy 
material used surgical handling 
Catheter Immediately before use Immediate use Highest rate of infection, 
venous stenosis, poor 
flow rates 


AV = arteriovenous. 
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Peritoneal Dialysis 


In patients who undergo peritoneal dialysis, a catheter is placed into the peritoneum in order to 
deliver and drain dialysate on a chronic basis. Ideally, peritoneal dialysis catheters should be 
placed approximately 1 month before therapy is initiated. In patients with catheters, one episode 
of peritonitis occurs every 3 years on average; the majority of these episodes are successfully 
treated with outpatient intraperitoneal antibiotics. 
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Complications 


Most medical complications seen in patients on dialysis are similar to those in individuals with 
stage 4 CKD. However, patients with ESKD on dialysis have some additional complications. 


PreviousNext 


Cardiovascular Disease 


Cardiovascular disease accounts for almost 50% of deaths in patients with ESKD. Patients 
undergoing dialysis who experience an acute myocardial infarction have a poor long-term 
survival. Poor outcome in these patients may partially be related to the increase in comorbidities 
found in patients undergoing dialysis compared with patients who are not dialysis dependent. For 
example, patients on dialysis in one study had a lower incidence of current cigarette smoking, 
hypercholesterolemia, and family history of cardiovascular disease but were more likely to have 
diabetes, a history of hypertension, heart failure, previous coronary artery bypass graft, and 
stroke. 


Furthermore, electrocardiography in patients on dialysis may be less diagnostic than in the 
general population, which makes these patients less eligible for reperfusion therapies. In 
addition, electrolyte abnormalities associated with CKD predispose patients to arrhythmias and 
sudden death. 
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Acquired Cystic Disease and Cancer of the Kidneys and 
Urinary Tract 

Acquired kidney cystic disease occurs frequently in patients on dialysis, and there is a correlation 
between the length of time a patient has undergone dialysis and the likelihood of cyst formation. 
These cysts generally develop in the renal cortex and medulla. 

Cysts in patients with CKD are generally asymptomatic and are usually found incidentally on 


imaging studies of the kidneys. However, patients with cysts may develop secondary 
polycythemia, infection, hemorrhage, kidney rupture, nephrolithiasis, and renal cell carcinoma. 
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Evaluation of Transplant Candidates 


Preemptive transplantation before initiation of dialysis and transplantation performed after 
shorter periods of dialysis are associated with both patient and allograft survival advantages. 
Timely referral of patients with progressive CKD is therefore critical in order to facilitate 
identification of potential living donors. 


When deciding whether to pursue kidney transplantation, whether the patient is a suitable 
candidate for this procedure must be decided. Criteria for acceptable candidates vary among 
transplant centers, but the following factors are common contraindications to transplantation: 
recent or metastatic malignancy, current untreated infection, severe irreversible extrarenal 
disease, a history of nonadherence, inability to give informed consent, active use of illicit drugs, 
and primary oxalosis without plans for liver transplantation. 


A pretransplantation evaluation helps patients to assess and compare the risks and benefits of this 
procedure. In addition, candidates who are not currently eligible for transplantation may learn 
during evaluation that they can become eligible once certain issues are resolved. For example, 
patients considered ineligible for transplantation because of a recent diagnosis of cancer may 
become eligible after a specified number of years in remission. 
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Methodology 


Transplanted kidneys come from either deceased or living donors. One- and 5-year graft survival 
with living donor kidney transplantation is significantly higher than with deceased donor 
transplantation (Table 39). Nevertheless, donor shortage is significant and is a major reason why 
many potentially eligible kidney transplant recipients undergo dialysis for at least a limited time. 
Living donation allows patients to avoid the deceased donor waiting list, but not every candidate 
has an eligible living donor. 


Table 39. Types of Kidney Transplantation 


Transplantation Advantages Disadvantages 1-Year 1-Year 5-Year 5-Year 
Type Graft Patient Graft Patient 


Survival Survival Survival Survival 


Deceased donor No need for Unscheduled; 89.0% 94.5% 66.5% 81.9% 
living donor quality of kidney 
may not be 
optimal 
Living donor Scheduled; more Nephrectomy 95.1% 97.9% 79.1% 90.2% 
likely to allow for risks in the donor 
preemptive 
transplantation 
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Immunosuppressive Therapy 


In the absence of kidney donation from an identical twin, immunosuppression is needed in 
kidney transplant recipients to prevent the immune system from rejecting the transplanted organ. 
Various immunosuppressive agents are available, and numerous regimens can be used. Most 
regimens combine different agents at lower doses in order to promote synergy and minimize side 
effects (Table 40). 


Table 40. Immunosuppressive Agents Used After Kidney 
Transplantation 


Agent Type of Target Action Common Side Effects 
Antibody 
Induction Therapy 
Thymoglobulin Polyclonal Various Depletes Chills, fevers, arthralgia, 
receptors lymphocytes thrombocytopenia, 


leukopenia, serum sickness, 
susceptibility to infection 


IL-2 receptor Monoclonal IL-2 Causes functional None 

antibodies receptor lymphocyte arrest 

(daclizumab, 

basiliximab) 

Alemtuzumab Monoclonal CD52 Depletes Fever, chills, anemia, 
lymphocytes hypotension, rash, risk of 

infection 
Muromonab- Monoclonal CD3 Depletes Cytokine release syndrome, 
CD3 lymphocytes fever, chills, pulmonary 


edema, headache, 


Tacrolimus 


Cyclosporine 


Rapamycin 


Azathioprine 


Mycophenolate 
mofetil and 
mycophenolic 
acid 


Prednisone 


Maintenance Therapy 


Calcineurin FK binding 
inhibitor protein 
Calcineurin Cyclophylin 
inhibitor 


mTOR inhibitor FK binding 
protein 


Antiproliferative Replicating 
DNA 


Antiproliferative IMPDH 


Anti- 
inflammatory 


Multiple 
sites 


Prevents the 
phosphatase 
activity of 
calcineurin, 
which prevents 
IL-2 production 


Prevents the 
phosphatase 
activity of 
calcineurin, 
which prevents 
IL-2 production 


Blocks IL-2- 
dependent T 
lymphocyte 
proliferation 


Interferes with 
DNA synthesis 


Interferes with 
the de novo 
pathway of 
purine synthesis 


Prevents T-cell 
and antigen- 
presenting cell 
cytokine 
production and 
cytokine-receptor 
expression 


encephalopathy, 
susceptibility to infection 
and malignancy 


Nephrotoxicity, glucose 
intolerance, hypertension, 
tremor, hair loss, 
hyperuricemia and gout, 
susceptibility to infection, 
increased susceptibility to 
certain cancers 


Nephrotoxicity, 
hyperkalemia, glucose 
intolerance, tremor, 
hirsutism, gingival 
hyperplasia, hyperlipidemia, 
hypertension, hyperuricemia 
and gout, susceptibility to 
infection and malignancy 
Leukopenia, hyperlipidemia, 
proteinuria, glucose 
intolerance, poor wound 
healing, oral ulcers, 
peripheral edema, pulmonary 
infiltrates, susceptibility to 
infection 


Leukopenia, 
thrombocytopenia, hepatitis 
and cholestasis, 
susceptibility to infection 
and malignancy 


Leukopenia, anemia, 
thrombocytopenia, 
gastrointestinal disorders, 
susceptibility to infection 
and malignancy 


Glucose intolerance, 
hypertension, bone loss, 
osteonecrosis, cataracts, 
hyperlipidemia, acne, 
centripetal obesity, easy 
bruising, susceptibility to 
infection, psychological 
effects 


IL-2 = interleukin-2; IMPDH = inosine monophosphate dehydrogenase; mTOR = mammalian 
target of rapamycin. 
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Induction Therapy 


The risk of acute rejection is greatest in the first weeks or months after transplantation. Induction 
immunosuppressive therapy involves the use of an intensive immunosuppressive regimen during 
the perioperative period in order to reduce the risk of early rejection. 


Induction therapy often includes the use of polyclonal or monoclonal antibodies to achieve rapid 
and profound early immunosuppression. Antibody-based induction therapy helps to delay the 
introduction of specific immunosuppressive agents, particularly nephrotoxic agents such as 
calcineurin inhibitors. 
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Maintenance Therapy 


Maintenance therapy refers to immunosuppression used on a chronic basis for the life of the 
kidney transplant. A combination of immunosuppressive agents is used to target different 
pathways and reduce the dose and therefore the side effects of particular agents. The goal of 
maintenance therapy is to prevent rejection but avoid unwanted side effects. 
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Specific Regimens 


The most commonly prescribed maintenance immunosuppressive regimen currently used 
immediately after transplantation is tacrolimus, mycophenolate mofetil, and a corticosteroid. 
Often, regimens are determined based on expected or existing drug toxicities or perceived 
immunologic risk. Using fewer drugs or lower doses also often helps to avoid cardiovascular, 
infectious, neoplastic, or nephrotoxic side effects as well as to avoid specific cosmetic sequelae 
such as unwanted hair growth, hair loss, acne, and centripetal fat distribution. 


Agents that induce cytochrome P450 3A lower the effective immunosuppression and place 
transplant recipients at risk for rejection. Conversely, drugs that compete for cytochrome P450 
3A metabolism decrease calcineurin inhibitor and mammalian target of rapamycin (mTOR) 
inhibitor metabolism and lead to increased levels of these agents and may potentially cause drug 


toxicity. Common agents that decrease calcineurin inhibitor levels include rifampin, isoniazid, 
phenytoin, barbiturates, St. John wort, intravenous trimethoprim, cephalosporins, and 
ciprofloxacin. Common agents that increase these levels include verapamil, diltiazem, 
amlodipine, metronidazole, fluconazole, sirolimus, methylprednisolone, erythromycin, 
azithromycin, indinavir, and ritonavir. Grapefruit and grapefruit juice also may increase 
calcineurin inhibitor levels. 
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Risks of Transplantation 


The main causes of death after kidney transplantation are cardiovascular complications, 
infectious disease, and malignancy. Kidney transplantation is associated with an increased 
prevalence of cardiovascular risk factors such as diabetes, obesity, hypercholesterolemia, and 
anemia. The risk for cardiovascular mortality in kidney transplant recipients also is significantly 
increased compared with that of the general population. In addition, the prevalence of 
hypertension does not decrease after kidney transplantation. 


The incidence of infectious disease after transplantation has decreased because of improvements 
in immunosuppression and infection prophylaxis, but infection remains a serious problem. Over 
50% of transplant recipients have at least one infection in the first year after transplantation. 


The risk for infection in an individual transplant recipient depends on the net state of 
immunosuppression and epidemiologic exposures. Urinary tract infections in particular are 
common in kidney transplant recipients, and infection with cytomegalovirus is especially 
problematic for these patients. Presenting features of cytomegalovirus infection may include 
fever, headache, diarrhea, or pulmonary symptoms. Elevated liver chemistry study results, 
leukopenia, and thrombocytopenia are common in affected patients. 


Kidney transplant recipients have a high risk for skin cancer, particularly squamous cell 
carcinoma. The risk for other malignancies, including Kaposi sarcoma, Hodgkin and non- 
Hodgkin lymphoma, leukemia, and multiple myeloma, also is increased after kidney 
transplantation. 
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Special Considerations in Transplant Recipients 


e Disease Recurrence 
e Bone Disease 

e Pregnancy 

e Vaccinations 

e Nonadherence 
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Disease Recurrence 


Several common diseases that cause ESKD may recur after kidney transplantation (Table 41). 
Focal segmental glomerulosclerosis in particular commonly recurs early in the post- 
transplantation period. 


Table 41. Underlying Kidney Diseases That May Recur after 
Kidney Transplantation 


Disease Likelihood of Recurrence Timing of Interventions 
Recurrence 

FSGS High Early Plasmapheresis 

IgA Moderate Late Fish oil, ACE inhibitors 

nephropathy 

Diabetic High Late ACE inhibitors, glucose and blood 

nephropathy pressure control 

Lupus nephritis Low Variable As with primary disease 

Membranous Variable Variable As with primary disease 

nephropathy 

Hemolytic Diarrhea-associated or Early High-dose fresh frozen plasma with 

uremic typical disease does not plasma exchange; avoid living 

syndrome usually recur; atypical donor transplantation in those with 
disease recurs frequently atypical disease 


ACE = angiotensin-converting enzyme; FSGS = focal segmental glomerulosclerosis 
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Bone Disease 


Kidney transplantation reverses certain mineral and bone metabolism disorders associated with 
ESKD but does not always completely reverse or resolve these conditions. Within the first 6 
months after transplantation, corticosteroid use is associated with early, rapid bone loss that 
contributes to an increased incidence of fractures. Transplant recipients also may have 
abnormalities in bone quality that manifest as high-turnover, low-turnover, and mineralization 
defects as well as disturbances in bone quantity evidenced by low bone mineral density. In 


addition, vitamin D deficiency is common after kidney transplantation, particularly in individuals 
with darkly pigmented skin. 
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Pregnancy 


Pregnancy in a transplant recipient is possible but is considered high risk (see The Kidney in 
Pregnancy). Fertility returns after transplantation, and female transplant recipients of 
childbearing age are at risk for pregnancy. These patients should undergo counseling before and 
after transplantation regarding the increased likelihood of becoming pregnant after the procedure 
is complete. During counseling, the importance of contraception and planning for a pregnancy if 
desired also should be stressed. 


Transplant recipients who plan on becoming pregnant should receive counseling about how to 
manage hypertension and kidney dysfunction during pregnancy and which immunosuppressive 
regimens are safe during pregnancy. A multidisciplinary team that incorporates maternal-fetal 
medicine and nephrology can help to manage pregnant transplant recipients. 
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Vaccinations 


If possible, vaccinations in transplant recipients should be updated before kidney transplantation 
and immunosuppression begin. Vaccinations generally can be restarted by 6 months after 
transplantation once immunosuppression reaches baseline levels. Because of 
immunosuppression, transplant recipients may have a blunted response to vaccines. Live virus 
vaccines are contraindicated after transplantation. 
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Nonadherence 


Nonadherence is an underappreciated issue in all areas of medicine but is particularly concerning 
in transplant recipients. In this population group, nonadherence may adversely affect allograft 
outcome and should be addressed. Reasons for nonadherence may include medication side 
effects, forgetfulness, or the inability to afford medications. 
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Neurologic Examination Pearls 


Introduction 

Dementia and Delirium 
Visual Defects 

Motor System 

Sensory System 


Key Points 


Two rapid and simple tests that stand out in the evaluation of dementia are the clock- 
drawing test and the Folstein Mini-Mental State Examination. 

Except for the detection of a homonymous hemianopia, static and kinetic visual field 
testing techniques are insensitive for most visual defects. 

The forearm rolling test and finger tapping test are sensitive for the detection of subtle 
hemiparesis. 

The inability to tap two objects 30.5 cm (12 in) apart with the index finger 32 times in 15 
seconds is both highly sensitive and specific for ataxia. 

An abnormal monofilament examination is approximately 67% sensitive in predicting 
future foot ulceration during the subsequent 3 to 4 years. 
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Introduction 


Although advanced imaging techniques have revolutionized neurologic diagnosis, the clinical 
examination continues to provide information of value. Included here are several recent and 
time-tested methods, some evidence based and others experiential, that should be helpful as part 
of the initial assessment of neurologic problems. For more information on the approach to 


neurologic symptoms, go to http://www.aan.com/go/education/curricula/internal/toc. 
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Dementia and Delirium 


Two rapid and simple tests that stand out in the evaluation of dementia are the clock-drawing test 
and the Folstein Mini—Mental State Examination (MMSE). The clock-drawing test involves 
having the patient draw a clock face on a predrawn circle. No further elaboration or instruction is 
provided, and the test is not timed. A response is normal if the numbers are inserted in the proper 
order and positioned near the rim of the circle. Missing one number or inappropriate spacing 
between numbers is scored as normal, provided that the other elements are present; the hands of 
the clock do not need to be included. In the absence of a parietal lesion or delirium, drawing an 
abnormal clock is modestly sensitive (48%-75%) but very specific (93%-94%) for the diagnosis 


of dementia. The MMSE consists of 11 tasks to be completed by the patient. An MMSE score 
range of 21 to 25 corresponds to mild dementia, 11 to 20 to moderate dementia, and 0 to 10 to 
severe dementia. A score of 23 points or fewer (maximum score, 30 points) has a sensitivity of 
69% to 100% and a specificity of 78% to 99% for diagnosing Alzheimer dementia. 


Delirium is an acute state of confusion that may manifest as a reduced level of consciousness, 
cognitive abnormalities, perceptual disturbances, or emotional disturbances. The Confusion 
Assessment Method diagnostic algorithm (Table 1) is a useful tool in diagnosing delirium; no 
laboratory tests, imaging studies, or other tests provide greater accuracy (sensitivity, 94%-100%; 
specificity, 90%-95%). In hospitalized patients, the brief quantitative Benton Orientation 
Questionnaire efficiently detects and monitors cognitive impairment (dementia, delirium, or 
both). Points are deducted for each wrong answer: year, —10 per year; month, —5 per month; date, 
—| per day; day of week, —1 per day; and time, —1 per half hour. 


Table 1. The Confusion Assessment Method Diagnostic 
Algorithm’ 


Feature 1. Acute Onset and Fluctuating Course 
This feature is usually obtained from a family member or nurse and is shown by a positive 
response to the following questions: Is there evidence of an acute change in mental status from 
the patient’s baseline? Did the (abnormal) behavior fluctuate during the day (that is, tend to come 
and go or increase and decrease in severity)? 


Feature 2. Inattention 


This feature is shown by a positive response to the following question: Did the patient have 
difficulty focusing attention, for example, being easily distractible or having difficulty keeping 
track of what was being said? 


Feature 3. Disorganized Thinking 


This feature is shown by a positive response to the following question: Was the patient’s 
thinking disorganized or incoherent, such as rambling or irrelevant conversation, unclear or 
illogical flow of ideas, or unpredictable switching from subject to subject? 


Feature 4. Altered Level of Consciousness 


This feature is shown by any answer other than “alert” to the following question: Overall, how 
would you rate this patient’s level of consciousness: alert (normal), vigilant (hyperalert), 
lethargic (drowsy, easily aroused), stuporous (difficult to arouse), or comatose (unarousable)? 


“The diagnosis of delirium by the confusion assessment method requires the presence of features 
1 and 2 and either 3 or 4. 


Adapted with permission from Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, 
Horwitiz RI. Clarifying confusion: the confusion assessment method. A new method for 
detection of delirium. Ann Intern Med. 1990;113(12):947. [PMID: 2240918] 
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Visual Defects 


Visual fields are traditionally tested with either “static” or “kinetic” techniques. For both types, 
the patient sits approximately 100 cm (39 in) away from the clinician and fixes his/her vision on 
a static point, usually the examiner’s eye. In the static technique, the clinician holds an object at a 
fixed point in the peripheral field of vision, whereas in the kinetic technique, an object is moved 
from the extreme peripheral field toward the point of fixation. Except for the detection of a 
homonymous hemianopia (sensitivity, 80%), both techniques are insensitive for most visual 
defects. 


PreviousNext 


Motor System 


e Hemiparesis 
e Muscle Stretch Reflexes 


e Ataxia 


PreviousNext 


Hemiparesis 


For lesions involving the motor cortex, the most common method to detect subtle loss of muscle 
strength is the pronator drift test. In this test, the patient holds the arms outstretched directly in 
front of the body, with eyes closed; if a cerebral lesion is present, the contralateral arm will drift 
downward and pronate. Another method is the forearm rolling test, in which the patient is asked 
to bend the elbows to align the forearms parallel to each other and then to rotate the arms rapidly 
around each other; in a patient with subtle hemiparesis, the arm contralateral to a hemispheric 
lesion is held stationary, and the opposite arm rapidly circles it. A final method is to ask the 
patient to rapidly and simultaneously tap the index fingers against a hard surface; finger tapping 
is Slower contralateral to the hemispheric lesion. 


A common clinical problem is underestimating muscle strength in large, powerful muscle 
groups, such as the hip. To overcome this error, persons age 50 years or older without bone or 
hip disease should be asked to rise from a chair (without using the arms) 10 times in 25 seconds; 
failing this test suggests proximal muscle weakness. 
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Muscle Stretch Reflexes 


During testing of muscle stretch reflexes, abnormal findings, such as an absent ankle reflex, are 
frequent in normal persons. Four simple rules can help in the interpretation of apparently 
abnormal results. (1) An absent reflex is abnormal if accompanied by other lower motoneuron 
findings (weakness, atrophy, and fasciculations). Hyperreflexia is abnormal if (2) it is 
accompanied by other upper motoneuron findings (weakness, spasticity, and an extensor plantar 
response), (3) the response is asymmetric (lower motoneuron if diminished, upper motoneuron if 
hyperactive), or (4) the response is hyperactive compared with reflexes from a higher spinal level 
(spinal cord disease). 
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Ataxia 


Although usually discovered by testing the gait, ataxia may require tandem walking for detection 
in patients with subtle findings. Other commonly used tests for ataxia include the finger-to-nose, 
heel-to-shin, and rapid alternating movement tests. In the finger-to-nose and heel-to-shin tests, 
abnormal findings include misjudging the target (too short, too far), jerky movements, and an 
intention tremor as the finger or heel approaches the nose or shin. The inability to perform rapid 
alternating movements has the advantage of being quantifiable. Most people can tap two objects 
30.5 cm (12 in) apart with their index finger 32 times in 15 seconds, but patients with ataxia 
cannot (sensitivity, 90%; specificity, 90%). 
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Sensory System 


The screening sensory examination is likely to have limited utility in patients with no neurologic 
symptoms. Most experts believe that testing for touch on the four extremities is probably 
adequate for such patients, but no data support this practice. In patients at risk for diabetic 
polyneuropathy, testing for sensation with cotton or pinprick does not detect important 
abnormalities; alternatively, the Semmes-Weinstein monofilament test is simple, quick, and 
modestly predictive of future diabetic ulcerations. During the test, the patient is supine with eyes 
closed and responds when he/she feels the monofilament touching the bottom of the foot. The 
number of suggested testing sites for each foot has varied from two to ten, but testing the plantar 
surface of the first and fifth metatarsal heads is probably sufficiently sensitive and specific. The 
monofilament is held perpendicular to the test site, with enough pressure applied to bow it to a C 
shape for one second (Figure 1). Testing should be randomly repeated twice at each site, as 
should “sham” applications in which the monofilament is not applied. Protective sensation is 
considered present if the patient correctly identifies two or more of the three applications, one of 
which was a sham. The test is abnormal if the patient correctly identifies only one or none of the 


three applications and is approximately 67% sensitive in predicting future foot ulceration during 
the subsequent 3 to 4 years. 


x 


Figure 1. Semmes-Weinstein monofilament test. 


In the Semmes—Weinstein monofilament test, patients who cannot reliably detect application of 
the monofilament to designated sites on the plantar surface of their feet are considered to have 
lost protective sensation. 


Reprinted with permission from Internal Medicine Essentials for Clerkship Students. 
Philadelphia, PA: American College of Physicians; 2007:Plate 1. 
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Stroke 


Stroke Classification, Epidemiology, Pathophysiology, and Clinical Evaluation 
Transient Ischemic Attack 

Acute Stroke 

Ischemic Stroke 

Hemorrhagic Stroke 


Recovery After Stroke 


Key Points 


The presence of acute facial paresis, arm drift, or abnormal speech increases the 
likelihood of stroke, whereas the absence of all three decreases the likelihood. 
Neuroimaging must be performed to distinguish ischemic from hemorrhagic stroke. 
Transient ischemic attack should be approached with urgency because up to 20% of 
affected patients will have an acute stroke within 90 days and approximately 50% of 
these strokes will occur within the first 2 days. 

The ABCD” score, which is based on Age, Blood pressure, the Clinical presence of 
unilateral weakness or speech impairment, the Duration of symptoms, and the presence of 
Diabetes, predicts the risk of stroke at 2, 7, and 90 days after a transient ischemic attack. 
Emergency department assessment and hospitalization are recommended for patients who 
have had a first or frequently recurring transient ischemic attack within the past 48 hours. 
The use of a stroke rating scale during the emergency evaluation, preferably the National 
Institutes of Health Stroke Scale, is recommended to quantify the degree of neurologic 
deficit and to facilitate communication between health care providers. 

For patients with suspected stroke who are eligible for thrombolysis, the goal is to have 
imaging completed and interpreted within 45 minutes of arrival in the emergency 
department. 

Imaging of the brain is mandatory before initiating any specific therapy to treat acute 
stroke. 

In most cases, CT scans provide the necessary information to make decisions about 
emergency stroke management. 

For patients with acute ischemic stroke (but without cardiac comorbidities) who are not 
eligible for recombinant tissue plasminogen activator therapy, antihypertensive 
medications should be withheld unless the systolic blood pressure is greater than 220 mm 
Hg or the diastolic blood pressure is greater than 120 mm Hg. 


e For patients eligible for thrombolysis, blood pressure must be lowered and stabilized 
below 185 mm Hg systolic and 110 mm Hg diastolic before thrombolytic therapy is 
started; blood pressure should be maintained below 180 mm Hg (systolic) and 105 mm 
Hg (diastolic) for at least the first 24 hours after thrombolysis treatment. 

e Because persistent hyperglycemia (plasma glucose levels greater than 140 mg/dL [7.8 
mmol/L]) during the first 24 hours after stroke onset is associated with poor outcomes, it 
should be treated in patients with acute ischemic stroke. 

e Intravenous recombinant tissue plasminogen activator is recommended for selected 
patients with ischemic stroke who are treated within 3 hours of symptom onset. 

e Patients with major infarctions affecting the cerebral hemisphere or cerebellum are at 
high risk for the complications of brain edema and increased intracranial pressure; 
lessening the risk of edema and close monitoring of the patient for signs of neurologic 
worsening during the first 3 to 5 days after stroke are necessary. 

e For cholesterol lowering in patients with coronary artery disease or symptomatic 
atherosclerotic disease, statins are recommended, with an optimal target goal of a serum 
LDL cholesterol level of less than 100 mg/dL (2.6 mmol/L); for very high-risk persons 
with multiple risk factors, a reasonable goal is less than 70 mg/dL (1.8 mmol/L). 

e Among patients with symptomatic severe (>70%) internal carotid artery stenosis, carotid 
endarterectomy is still considered the gold standard surgical therapy; in patients in whom 
the stenosis is difficult to access surgically, who have medical conditions that greatly 
increase the risk of surgery, or who have other conditions (such as radiation-induced 
stenosis or restenosis after endarterectomy), carotid angioplasty and stenting are 
preferable alternatives to endarterectomy. 

e Carotid endarterectomy for patients with asymptomatic internal carotid artery stenosis 
should only be contemplated for those who are medically stable, have severe stenosis, are 
not too old (age <80 years), are expected to have a life expectancy of at least 5 years, and 
can be operated on at centers with surgeons who have a low (<3%) perioperative 
complication rate in asymptomatic patients. 

e Deep hemorrhages (in the basal ganglia, thalamus, pons, and cerebellum) in hypertensive 
patients are often due to the hypertension, whereas lobar hemorrhages in nonhypertensive 
elderly patients are often due to cerebral amyloid angiopathy. 

e A lumbar puncture is necessary for any patient with a sudden severe headache and 
normal findings on a head CT scan. 

e The three main neurologic complications for patients with subarachnoid hemorrhages are 
rebleeding, delayed brain ischemia from vasospasm, and hydrocephalus. 
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Stroke Classification, Epidemiology, Pathophysiology, and 
Clinical Evaluation 
Stroke results from either ischemic or hemorrhagic causes. Ischemic stroke is classified into 


categories according to the presumed mechanism of the ischemic brain injury and the 
pathophysiologic type of the lesion (Figure 2). The categories have been defined as large-artery 


atherosclerotic infarction (extracranial, intracranial, or via artery-to-artery embolism [versus 
thrombotic occlusion in situ]), embolism from a cardiac source (Table 2), small-vessel disease 
(lacunar stroke), other determined causes (such as dissection, hypercoagulable states, and 
paradoxical embolism through a patent foramen ovale), and infarcts of undetermined cause 
(cryptogenic). 


Hemorrhagic stroke is classified into categories according to the intracranial location and 
pathophysiologic type and cause. By compartments, the hemorrhage can occur directly into the 
brain parenchyma (intracerebral hemorrhage), subarachnoid space, or ventricular system 
(intraventricular hemorrhage). Intracerebral hemorrhage can be further classified into primary 
(unrelated to an underlying congenital or acquired brain lesion or abnormality) and secondary 
(directly related to a congenital or an acquired brain lesion or abnormality) types. Causes of the 
primary type include hypertension, cerebral amyloid angiopathy, anticoagulant use, thrombolytic 
use, antiplatelet use, drug use, and other bleeding diathesis; causes of the secondary type include 
vascular malformations, aneurysms, neoplasms, hemorrhagic transformation of a cerebral 
infarction, cerebral venous sinus thrombosis, Moyamoya disease, hemorrhagic contusion, and 
systemic or primary central nervous system vasculitis. 


Stroke is the most common life-threatening neurologic disease and is the third leading cause of 
death in the United States (after diseases of the heart and cancer), accounting for 1 of every 16 
deaths; it is the leading cause of long-term disability in adults. Each year, approximately 700,000 
people experience a new or recurrent stroke, of which 87% are ischemic; intracerebral and 
subarachnoid hemorrhagic strokes account for the remainder. The length of time to recover from 
a stroke depends on its severity. Approximately 50% to 70% of stroke survivors regain 
functional independence, but 15% to 30% are permanently disabled, and 20% require 
institutional care by 3 months after onset. 


History and clinical findings provide the basis for evaluating patients suspected of having a 
stroke (Figure 3). The presence of acute facial paresis, arm drift, or abnormal speech increases 
the likelihood of stroke, whereas the absence of all three decreases the odds. Other symptoms 
associated with stroke include visual loss, diplopia, numbness, weakness, and nonorthostatic 
dizziness. On the basis of the symptoms and examination findings, the vascular distribution 
(anterior or posterior circulation) of a stroke can be determined (Table 3). Although 
neuroimaging is required to accurately distinguish ischemic from hemorrhagic stroke, 
compelling clues that suggest hemorrhagic stroke include headache, nausea, vomiting, 
hypertension, and progressive worsening of focal neurologic deficits and level of consciousness. 


Coagulopathies 
Proteins C and S and antithrombin III deficiencies 
Antiphospholipid antibody 
Sickle cell anemia 
Myeloproliferative diseases 
Disseminated intravascular coagulopathy 
Thrombotic thrombocytopenic purpura 
Elevated homocysteine 


Small vessel—lacunar 
Lipohyalinosis or atherosclerosis 
Embolic 
Vasculitic 


Large vessel—intracranial 
Inflammatory arteriopathies 
Noninflammatory arteriopathies 

Atherosclerosis, dissection 
Moya Moya disease 


Large vessel-extracranial 
Inflammatory arteriopathies— 
Takayasu arteritis, giant cell arteritis 

Noninflammatory arteriopathies 
Atherosclerosis 
Dissection 
Fibromuscular dysplasia 

Aortic disease 


im ™ Pal Cardioembolic source 


Major and minor sources 


Figure 2. Ischemic stroke categories. 


Differential diagnosis of sources of ischemic stroke. 


Reprinted with permission from Flemming KD, Brown RD Jr, Petty GW, Hustun J MI, Kallmes 
DF, Piepgras DG. Evaluation and management of transient ischemic attack and minor cerebral 
infarction. Mayo Clin Proc. 2004;79(8):1075. [PMID: 15301338] Copyright 2004 Mayo 
Foundation for Medical Education and Research. All rights reserved. This figure was reprinted 
with permission from the original article published in Mayo Clinic Proceedings, a publication of 
the Mayo Foundation for Medical Education and Research. 


Onset of stroke symptoms 


Active emergency response system 
Perform prehospital assessment 
(Emergency medical technician/paramedic) 


Prior probability of stroke=10% 


Cincinnati Prehospital Stroke Scale” 

= Any item present, LR=5.5 

= 0 items present, LR=0.39 

Los Angeles Prehospital Stroke Scale” 
* Positive LR=31 

* Negative LR=0.09 


Perform rapid evaluation upon arrival in emergency department 
Assess factors associated with increased likelihood of stroke 

1. Focal neurologic deficit 

2. Persistent neurologic deficit 

3. Acute onset during prior week 

4. No history of head trauma 


LR uncertain 
Probability of stroke 210% 
(Baseline) 


Condition 
other than 
stroke 


Clinical 
judgment 


Assess stroke severity with NIH Stroke Scale 


Perform neuroimaging 
Perform laboratory tests to exclude stroke mimics 


Begin stroke treatment 
Establish prognosis based on clinical findings 


Figure 3. Making a stroke diagnosis. 


Algorithm showing the diagnostic steps for a patient with a suspected acute stroke. 


LR = likelihood ratio; NIH = National Institutes of Health. 


“Facial droop, arm drift, and abnormal speech. 


History (age >45 years, no history of seizures, symptoms <24 hours, not wheelchair bound), 
plasma glucose level 60 to 400 mg/dL (3.3 to 22 mmol/L), and examination showing unilateral 
facial weakness, grip weakness, and arm weakness. 


Adapted with permission from Goldstein LB, Simel DL. Is this patient having a stroke? JAMA. 
2005;293(19):2392. [PMID: 15900010] Copyright 2005 American Medical Association. All 
rights reserved. 


Table 2. Potential Sources of Cardioembolism 


High-Risk Sources 

Mechanical prosthetic cardiac valve 
Mitral stenosis with atrial fibrillation 
Atrial fibrillation (other than lone atrial fibrillation) 
Left atrial/atrial appendage thrombus 
Sick sinus syndrome 
Recent myocardial infarction (<4 weeks) 
Left ventricular thrombus 
Dilated cardiomyopathy 
Akinetic left ventricular segment 
Atrial myxoma 
Infectious endocarditis 

Medium- and Low-Risk Sources 
Mitral valve prolapse 
Mitral annulus calcification 
Mitral stenosis without atrial fibrillation 
Left atrial turbulence (“smoke”) 
Atrial septal aneurysm 
Patent foramen ovale and atrial septal defect 
Atrial flutter 
Lone atrial fibrillation 
Bioprosthetic cardiac valve 
Nonbacterial thrombotic endocarditis 
Heart failure 
Hypokinetic left ventricular segment 
Myocardial infarction (>4 weeks, <6 months) 


Table 3. Anterior Versus Posterior Circulation: Symptoms 
and Signs of Cerebral Ischemia 


Anterior Circulation Posterior Circulation 

Motor dysfunction of contralateral extremities Motor dysfunction of ipsilateral face and/or 

or face (or both) contralateral extremities 

Clumsiness Clumsiness 

Weakness Weakness 

Paralysis Paralysis 

Loss of vision in ipsilateral eye Loss of vision in one or both homonymous visual 
fields 

Homonymous hemianopia Sensory deficit of ipsilateral face and/or 
contralateral extremities 

Aphasia (dominant hemisphere) Numbness or loss of sensation 

Dysarthria Paresthesias 


Sensory deficit of contralateral extremities or Typical but nondiagnostic in isolation 
face (or both) 


Numbness or loss of sensation Ataxia (gait or extremities) 
Paresthesias Vertigo 

Diplopia 

Dysphagia 

Dysarthria 


Reprinted from Flemming KD, Brown RD Jr, Petty GW, Huston J III, Kallmes DF, Piepgras 
DG. Evaluation and management of transient ischemic attack and minor cerebral infarction. 
Mayo Clin Proc. 2004;79(8):1073. [PMID: 15301338] Copyright 2004 Mayo Foundation for 
Medical Education and Research. All rights reserved. This table was reprinted with permission 
from the original article published in Mayo Clinic Proceedings, a publication of the Mayo 
Foundation for Medical Education and Research. 
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Transient Ischemic Attack 


Transient ischemic attack (TIA) has traditionally been defined as a focal neurologic deficit that 
resolves within 24 hours. However, the now widespread and early use of MRI has revealed 
cerebral infarction in many patients who fit that definition of TIA. Therefore, the proposed 
revised definition of TIA is a brief episode of neurologic dysfunction attributable to a focal 
disturbance of brain or retinal ischemia, with clinical symptoms typically lasting less than 1 hour 
and without imaging evidence of infarction. (See Table 4 for TIA mimics.) 


Up to 20% of patients who have a TIA will have an acute stroke within 90 days, and 
approximately 50% of these strokes occur within the first 2 days. The ABCD* score predicts the 
risk of stroke at 2, 7, and 90 days after a TIA and is based on Age (1 point if >60 years), Blood 
pressure (1 point if >140 mm Hg systolic or 90 mm Hg diastolic), Clinical presentation (2 points 
for the presence of unilateral weakness or 1 point for speech impairment without weakness), the 
Duration of symptoms (2 points for >60 min and 1 point for 10-59 min), and the presence of 
Diabetes mellitus (1 point) (Table 5). 


Emergency department evaluation and hospitalization is recommended for patients who have 
experienced their first TIA within the past 48 hours to facilitate the early use of thrombolytic 
therapy if symptoms recur and to expedite diagnostic testing and initiation of secondary 
prevention treatments. Hospitalization is also recommended for those with multiple or frequently 
recurring TIAs, a duration of symptoms greater than 60 minutes (probable infarction), 
symptomatic internal carotid artery stenosis, a known cardioembolic source (such as atrial 
fibrillation), a known hypercoagulable state, or a moderate or high ABCD” score. Patients with a 
greater than 48-hour history of TIA who have none of these criteria may be evaluated as an 
outpatient within 7 days. 


If a patient was first seen in the emergency department and results of preliminary imaging 
studies were negative for significant stenosis, then a period of up to 7 days until outpatient 
evaluation may be appropriate. 


Diagnostic testing should include at a minimum electrocardiography, a complete blood count, 
measurement of serum electrolyte and fasting plasma glucose levels, renal function testing, a 
lipid profile, head CT and CT angiography (or brain MRI and magnetic resonance angiography 
[MRA]), Doppler ultrasonography of the neck, and transthoracic echocardiography. A 
conventional angiogram may be necessary when the noninvasive assessment is inconclusive. 
Transesophageal echocardiography with testing for right-to-left shunting across the atrial septum 
is recommended for patients younger than 45 years when preliminary investigations do not 
disclose a cause of the TIA. Transesophageal echocardiography is also useful to confirm a 
presumed proximal source of embolism and evaluate the cardiac valves for vegetation, the 
proximal aortic arch for atherosclerotic disease, and the left atrium and left atrial appendage for a 
thrombus or mass lesion. 


Table 4. Mimics of Transient Ischemic Attack and Stroke 


Transient Ischemic Attack Stroke 
Benign paroxysmal positional vertigo Brain tumor 
Metabolic derangement (such as Cardiac disease (such as arrhythmia) 
multiple sclerosis) 
Migraine equivalent (variant) Conversion disorder 
Myasthenia gravis Dementia (with subacute worsening cognitive 
impairment) 


Periodic paralysis Demyelinating disease 


Seizure Drug overdose 


Subdural hemorrhage Head trauma 

Syncope HSV encephalitis 

Thoracic outlet syndrome Hypertensive encephalopathy 
Transient global amnesia Myasthenia gravis 


Metabolic derangement 

Seizure with postictal hemiparesis 

Syncope 

Systemic infection (such as UTI) unmasking prior 
stroke-related deficit(s) 


HSV = herpes simplex virus; UTI = urinary tract infection. 


Adapted with permission from Flemming KD, Brown RD Jr, Petty GW, Huston J III, Kallmes 
DF, Piepgras DG. Evaluation and management of transient ischemic attack and minor cerebral 
infarc- tion. Mayo Clin Proc. 2004;79(8):1073. [PMID: 15301338] Copyright 2004 Mayo 
Foundation for Medical Education and Research. All rights reserved. This table was adapted 
with permission from the original article published in Mayo Clinic Proceedings, a publication of 
the Mayo Foundation for Medical Education and Research. 


Table 5. Prediction from ABCD’ Score of Stroke at 2 Days, 7 
Days, and 90 Days After a Transient Ischemic Attack 


ABCD? Score Risk Stroke Risk at 2 Stroke Risk at 7 Stroke Risk at 90 
Classification Days (%) Days (%) Days (%) 
Low risk (score <4 points) 1.0 1.2 3.1 
Moderate risk (score 4-5 4.1 5.9 9.8 
points) 
High risk (score >5 points) 8.1 11.7 17.8 


ABCD? score = score based on Age, Blood pressure, Clinical presentation, Duration of 
symptoms, and presence of Diabetes. 
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Acute Stroke 


e Emergency Evaluation of Acute Stroke 
e Brain and Vascular Imaging 
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Emergency Evaluation of Acute Stroke 


The initial evaluation of patients with a suspected stroke is similar to that of other critically ill 
patients: stabilization of the airway, breathing, and circulation followed by a secondary 
assessment of neurologic deficits and comorbidities. The goals should be to identify patients with 
possible stroke, especially those eligible for acute interventions, to differentiate stroke from 
stroke mimics (see Table 4), and to identify potential causes of stroke in order to implement 
early secondary prevention. 


The most important piece of historical information in suspected acute stroke is the time of 
symptom onset. The definition of time of stroke onset is the time a patient reports or was 
witnessed to have acute onset of stroke symptoms, or the last time the patient was known to be at 
his or her previous symptom-free state. For patients unable to provide this information or who 
awaken with stroke symptoms, the time of onset is defined as the time when the patient was last 
awake and free of symptoms. Additional historical items of interest include circumstances 
around the development of neurologic symptoms, risk factors for vascular disease, pre-existing 
cardiovascular and cerebrovascular disease, and history of drug abuse, migraine, seizure, 
infection, trauma, or pregnancy. Historical data related to eligibility for therapeutic interventions 
in an acute ischemic stroke are also important. (Characteristics of patients who are candidates for 
intravenous thrombolytic therapy are discussed later.) 


The general physical examination should include vital signs, including temperature and weight, 
and pulse oximetry reading. Examination of the head and neck can reveal signs of trauma or 
features of seizure activity (tongue lacerations), carotid disease (by palpation and auscultation for 
bruit), chronic heart failure (jugular venous distention), giant cell arteritis (temporal artery 
tenderness), and retinal arteriolar emboli. The cardiac examination should focus on identifying 
concurrent myocardial ischemia, valvular disease, irregular rhythm, and aortic dissection. Skin 
and extremity examination may provide clues regarding peripheral artery disease, liver disease, 
coagulopathies, platelet disorders, bacterial endocarditis, and any injection drug abuse. 


The neurologic examination is enhanced by the use of a reliable formal stroke score, such as the 
National Institute of Health Stroke Scale (Table 6). Scores can quantify the degree of neurologic 
deficit (on the aforementioned scale, <5 is mild, 10-15 is moderate, and >20 is severe), facilitate 
communication between providers, gauge changes over time, identify possible location of 
cerebral arterial occlusion, provide early prognosis, and identify patients eligible for particular 
acute therapies. 


Because time is critical, a limited number of diagnostic tests should be performed routinely in 
patients with suspected acute stroke to differentiate ischemic stroke from hemorrhagic stroke, 
exclude important alternative diagnoses, assess for serious comorbidities, identify systemic 


conditions that can mimic or cause stroke or can influence therapeutic options, and search for 
acute medical or neurologic complications of the stroke (Table 7). The goal is for laboratory 
results to be available for review within 45 minutes of arrival of the patient at the emergency 


department. 


Table 6. National Institutes of Health Stroke Scale? 


1. LOC 
0 alert 


1 drowsy 
2 stuporous 


3 coma 


2. LOC Questions (Ask Month 


and Age) 
0 both correct 


1 one correct 


2 incorrect 


3. LOC Commands (Close Eyes, 


Make Fist) 
0 both correct 


1 one correct 


2 incorrect 


4. Best Gaze 
0 normal 
1 partial gaze palsy 


2 forced deviation 


5. Visual Fields 
0 no visual loss 


1 partial hemianopia 
2 complete hemianopia 


3 bilateral hemianopia 
6. Facial Palsy 


0 normal 
1 minor 
2 partial 


3 complete 


7-10. Motor (Left/Right Arm 


and Leg)? 
0 no drift 


1 drift, doesn’t hit bed 

2 drifts down to bed 

3 no effort against gravity 
4 no movement 


5 amputation/joint fusion 
11. Limb Ataxia 


0 absent 
1 present in one limb 


2 present in two limbs 


12. Sensation (Pin) 
0 normal 


1 partial loss 


2 severe loss 


13. Best Language 


0 no aphasia 
1 mild—moderate aphasia 
2 severe aphasia 


3 mute 
14. Dysarthria 


0 none 
1 mild—moderate 


2 near to unintelligible or 
worse 


3 intubated/barrier 


15. Extinction and 
Inattention 


0 no neglect 
1 partial neglect 


2 complete neglect 


LOC = level of consciousness. 


“Scoring: <5, mild neurologic deficit; 10-15, moderate neurologic deficit; >20, severe neurologic 
deficit. 


Motor assessment: While patient is supine, examiner tests each limb separately; limb is held by 
examiner at a 45-degree angle to the patient and released. Drift is defined as any change in 
position after the initial release. Limb ataxia assessment should include finger-to-nose and heel- 
to-toe testing. 


Information also available at www.ninds.nih.gov/doctors/NIH_Stroke_Scale_Booklet.pdf. 
Training DVD is available at http://www.ninds.nih.gov/doctors/stroke_scale_training.htm. 


Table 7. Immediate Diagnostic Studies for Evaluation of a 
Patient with Suspected Acute Stroke 


Patient Diagnostic Study 

All patients Noncontrast brain CT or brain MRI 
Plasma glucose measurement 
Serum electrolyte measurement/kidney function tests 
Electrocardiography 
Measurement of markers of cardiac ischemia 
Complete blood count, including platelet count* 
Prothrombin time/INR measurements’ 
Activated partial thromboplastin time measurement" 
Oxygen saturation determination 


Selected Liver chemistry studies 
patients Toxicology screen 
Blood alcohol level 


Pregnancy test 
Arterial blood gas measurements (if hypoxia is suspected) 
Chest radiography (if lung disease is suspected) 


Lumbar puncture (if subarachnoid hemorrhage is suspected and CT scan is 
negative for blood) 


Electroencephalography (if seizures are suspected) 


“Although it is desirable to know the results of these tests before giving recombinant tissue 
plasminogen activator, thrombolytic therapy should not be delayed while awaiting the results 
unless (1) there is clinical suspicion of a bleeding abnormality or thrombocytopenia, (2) the 
patient has received heparin or warfarin, or (3) use of anticoagulation is not known. 


Adapted from Christensen H, Fogh Christensen A, Boysen G. Abnormalities on ECG and 
telemetry predict stroke outcome at 3 months. J Neurol Sci. 2005;234(1-2):99-103. [PMID: 
15935384] Copyright 2005 with permission from Elsevier. 


PreviousNext 


Brain and Vascular Imaging 


A noncontrast CT scan of the brain is the first imaging study to obtain for patients with acute 
stroke. This scan accurately identifies most cases of intracranial hemorrhage and helps 
discriminate many nonvascular causes of neurologic symptoms (such as a brain neoplasm). A CT 
scan can also be used to identify subtle and early signs of infarction (such as loss of gray-white 
differentiation, sulcal effacement, subtle radiolucency) or arterial occlusion (such as a 
hyperdense artery sign) (Figure 4). The presence of early radiologic evidence of a large 
infarction is correlated with a higher risk of hemorrhagic transformation after treatment with 
thrombolytic agents and is associated with poorer outcomes. For potential thrombolysis 
candidates, the goal is to have a CT scan completed within 25 minutes and interpreted within 45 
minutes of arrival at the emergency department. 


The multimodal CT approach includes noncontrast CT first, followed by perfusion CT and CT 
angiography; obtaining these studies should never delay the emergency treatment of a stroke. 
Results of perfusion CT provide maps of cerebral blood flow and blood volume. 
Hypoattenuation on a cerebral blood volume map is believed to represent the ischemic core. CT 
angiograms provide a means of rapidly and noninvasively evaluating the cerebral vasculature in 
order to provide information about vessel occlusion or stenosis. These techniques have the 
advantage of rapid data acquisition and can be performed with conventional CT equipment. 
Disadvantages include the use of iodine contrast and additional radiation exposure. The role of 
perfusion CT scans (Figure 5) in making acute treatment decisions in stroke, however, has not 
yet been definitively established. 


The multimodal MRI approach for acute stroke evaluation includes diffusion-weighted imaging, 
perfusion-weighted imaging, MRA, and gradient-echo sequences. Standard MRI sequences (T1- 
and T2-weighting and proton density) are relatively insensitive to early ischemic changes. 
Diffusion-weighted images have a high sensitivity (88% to 100%) and specificity (95% to 100%) 
for detecting ischemic lesions, even within minutes of symptom onset; perfusion-weighted 
images provide relative measures of cerebral hemodynamic status. The ischemic penumbra 
(brain tissue that is ischemic but not yet infarcted and, therefore, capable of being rescued if 
successfully reperfused) is roughly approximated on an MRI as the region of perfusion change 
minus the region of diffusion abnormality (diffusion-perfusion mismatch) (Figure 6). 


MRI has several advantages over CT in cases of suspected stroke. MRIs are better for 
distinguishing acute small cortical and subcortical infarcts and brainstem and cerebellar 
infarctions. The scans are also superior in distinguishing acute from chronic infarctions and 


identifying silent satellite ischemic lesions that provide information about stroke mechanism 
(cardioembolism, vasculitis). Limitations include cost, limited availability, longer imaging times, 
sensitivity to motion, and patient contraindications (such as pacemakers, metal implants, and 
claustrophobia). 


In addition to the aforementioned imaging modalities, transcranial Doppler ultrasonography, 
carotid duplex ultrasonography, and catheter angiography can be used to detect intracranial and 
extracranial vessel abnormalities. 


Figure 4. Unenhanced CT scan in acute ischemic stroke. 


Unenhanced CT scan of the brain showing early ischemic changes and hyperdense artery 
(arrow) signs. 


Figure 5. Perfusion CT scans of patients with ischemic 
stroke. 


Left, diminished blood flow is evident in the right middle cerebral artery territory (arrow), which 
indicates the parenchymal zone at risk of infarction if there is no tissue reperfusion. Right, a 
minimal blood volume defect is evident in the right middle cerebral artery territory, which 
indicates that only a small zone of parenchyma is already irreversibly damaged (infarction). The 
volume of salvageable tissue (or tissue at risk) is the difference between the blood volume defect 
and the blood flow defect. In this patient, the difference is large, which indicates the presence of 
a very large potentially salvageable ischemic penumbral zone. 


Figure 6. MRIs showing diffusion-perfusion mismatch. 


Perfusion-weighted MRIs (top) and diffusion-weighted MRIs (bottom) illustrate a diffusion- 
perfusion mismatch. 
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Ischemic Stroke 


e Treatment of Ischemic Stroke 
e Secondary Prevention of Ischemic Stroke and Transient Ischemic Attack 
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Treatment of Ischemic Stroke 


Airway support and ventilatory assistance are recommended for the treatment of patients with 
acute stroke who have a decreased level of consciousness. Patients with stroke who develop 
hypoxia should receive supplemental oxygen. Sources of fever should be determined and treated, 
and antipyretic medications, such as acetaminophen, should be administered to lower 
temperature in febrile patients with stroke; there is some evidence of an association between 
elevated temperatures and poor stroke outcome. However, there is no evidence supporting the 
use of induced hypothermia for the treatment of patients with ischemic stroke. Cardiac 
monitoring for at least the first 24 hours should be implemented to screen for atrial fibrillation 


and other potentially serious cardiac arrhythmias that would necessitate emergency cardiac 
interventions. 


The management of arterial hypertension in patients with acute ischemic stroke is controversial. 
The difficulty involves the compromise between precipitously lowering blood pressure (and thus 
further compromising blood flow to the tissue undergoing injury) and the risks of hypertension- 
induced hemorrhagic transformation and worsening cerebral edema. For an uncomplicated 
ischemic stroke in patients without concurrent acute coronary artery disease or heart failure, 
antihypertensive medications should be withheld, even in those currently taking antihypertensive 
medications, unless the systolic blood pressure is greater than 220 mm Hg or the diastolic blood 
pressure is greater than 120 mm Hg, especially because many patients have spontaneous declines 
in blood pressure during the first 24 hours after stroke onset. Beyond these levels, a reasonable 
goal would be to lower systolic blood pressure by approximately 15% during the first 24 hours 
after stroke onset. If the patient is eligible for thrombolysis, blood pressure must be lowered and 
stabilized below 185 mm Hg systolic and 110 mm Hg diastolic before thrombolytic therapy is 
started. Blood pressure may continue to require treatment to maintain the blood pressure below 
180 mm Hg systolic and 105 mm Hg diastolic for at least the first 24 hours after thrombolysis 
treatment. Preferred antihypertensive agents include intravenous labetalol and intravenous 
nicardipine infusion. Patients with sustained hypertension above recommended levels, despite 
early antihypertensive therapy, should not be treated with intravenous thrombolysis. These same 
recommendations apply to patients undergoing other acute interventions, including intra-arterial 
thrombolysis. 


Because persistent hyperglycemia during the first 24 hours after stroke is associated with poor 
outcomes, patients with acute ischemic stroke and plasma glucose levels greater than 140 mg/dL 
(7.8 mmol/L) should be given insulin; glucose levels should be monitored to avoid 
hypoglycemia. Normal saline (0.9%) should be used for intravenous fluid hydration rather than 
dextrose-containing fluids in order not to exacerbate hyperglycemia. 
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Intravenous Thrombolysis 


Intravenous recombinant tissue plasminogen activator (rtPA) therapy for acute ischemic stroke 
was approved by the U.S. Food and Drug Administration (FDA) in 1996 with specific inclusion 
and exclusion criteria. Patients with stroke who can be treated with intravenous rtPA have to 
meet the following criteria: 


e Diagnosis of ischemic stroke causing a measurable neurologic deficit (Caution should be 
used in treatment if major deficits are present.) 

e Neurologic signs that do not clear spontaneously 

e Stroke symptoms not suggestive of subarachnoid hemorrhage 

e Symptom onset less than 3 hours before beginning treatment 

e No history of previous intracranial hemorrhage; no head trauma, prior stroke, or 
myocardial infarction in the previous 3 months; no gastrointestinal or urinary tract 


hemorrhage in the previous 21 days; no major surgery in the previous 14 days; and no 
arterial puncture at a noncompressible site in the previous 7 days 

e Blood pressure lowered and stabilized (systolic <185 mm Hg, diastolic <110 mm Hg) 

e No evidence of active bleeding or acute trauma (such as a fracture) on examination 

e No oral anticoagulation or, if on an anticoagulant, an INR of 1.7 or less; activated partial 
thromboplastin time in the normal range if heparin given in the past 48 hours 

e Platelet count of 100,000/“uL (100 x 10°/L) or greater and plasma glucose level of 50 
mg/dL (2.8 mmol/L) or greater 

e No seizure with postictal residual neurologic deficits 

e No multilobar infarction (a hypodensity > one third of the cerebral hemisphere) on CT 
scan 

e Potential risks and benefits of treatment understood (by patient and family). 


The approved dose is 0.9 mg/kg intravenously, with a maximum of 90 mg (10% administered as 
an intravenous bolus over 1 minute and the remaining 90% in an intravenous infusion over 60 
minutes) within 3 hours of onset of stroke symptoms. Favorable outcomes were achieved in 31% 
to 50% of treated patients compared with 20% to 38% of those given placebo when evaluated at 
3 months and again at 1 year. The major risk of treatment was symptomatic intracranial 
hemorrhage, which occurred in 6.4% of rtPA-treated patients versus 0.6% of those given 
placebo. 


The average estimated number needed to treat (NNT) for one more patient to have a better 
outcome (by > one grade on the modified Rankin scale [a commonly used scale for measuring 
the degree of disability or dependence in the daily activities of someone who has had a stroke]) is 
3.1 (95% CI, 2.6-3.6); the average estimated number needed to harm (NNH) for one more patient 
to have a worsened outcome by any degree (= one grade on the modified Rankin scale) 
attributable to rtPA-related symptomatic intracranial hemorrhage is between 29.7 and 40.1. 
When this information is applied to balancing benefits and adverse effects in clinical practice, 
intravenous rtPA is 10 times more likely to help than to harm eligible patients with acute 
ischemic stroke (likelihood of helping versus harming = NNH/NNT). Although written consent 
is not necessary before administration of rtPA, a full discussion with the patient and family of the 
potential risks and benefits of treatment is recommended. 
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Intra-arterial Thrombolysis 


Intra-arterial thrombolysis is an option for treatment of selected patients who have had a major 
stroke within the past 6 hours due to occlusion of a major intracranial artery and who are not 
candidates for or who have failed to respond to intravenous rtPA. This treatment requires the 
patient to be at an experienced stroke center with immediate access to cerebral angiography and 
qualified interventionalists. 
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Anticoagulation 


Urgent anticoagulation—even in instances of presumed cardioembolism (as with atrial 
fibrillation)—with the goals of preventing early recurrent stroke, halting neurologic worsening, 
and improving outcomes is not recommended for treatment of patients with acute ischemic 
stroke because of an increased risk of serious intracranial hemorrhagic complications. For a more 
detailed discussion, see MKSAP 15 Cardiovascular Medicine. 
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Antiplatelet Agents 


Aspirin is the only antiplatelet agent that has been evaluated for the treatment of acute ischemic 
stroke. Aspirin, 325 mg, administered within 24 to 48 hours of stroke onset is effective in 
reducing death and disability. For patients who have received thrombolysis, all antiplatelet 
medications must be held for 24 hours. 
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Endovascular Surgical Interventions 


Mechanical devices have been used to extract thrombi from occluded intracranial arteries. 
Although the FDA has approved the use of such devices for reopening intracranial arteries, their 
clinical utility and appropriate use in the context of available intravenous and intra-arterial 
thrombolysis have not been firmly established. 
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Hospital Stroke Unit Admission and Care 


The use of comprehensive specialized stroke care (stroke units) and standardized order sets 
incorporating rehabilitation can substantially reduce morbidity and mortality and so are 
recommended. 


Less severely affected patients should be mobilized to prevent deep venous thrombosis. 
Subcutaneous administration of anticoagulants (5000 units of unfractionated heparin, 
subcutaneously, twice daily) is recommended for treatment of immobilized patients to prevent 
deep venous thrombosis. The use of intermittent external compression devices is recommended 
for treatment of patients who cannot receive anticoagulation. 


Assessment of swallowing is recommended before patients who have experienced strokes start to 
eat or drink. Patients with dysphagic stroke should be offered enteral tube feedings via a 
nasogastric tube within the first 24 to 48 hours of admission; nasogastric feeding should be the 
chosen route within the first 2 or 3 weeks unless there is a strong reason to select a gastric tube 
(such as intolerance to nasogastric feeding). 


If possible, the placement of an indwelling bladder catheter should be avoided because of the 
associated risk of urinary tract infections. 
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Treatment of Acute Complications 


Patients with major infarctions affecting the cerebral hemisphere or cerebellum are at high risk of 
brain edema and increased intracranial pressure. Lessening the risk of edema and close 
monitoring for signs of neurologic worsening, particularly during the first 3 to 5 days after 
stroke, are recommended. Because many hospitals may not have neurocritical care and 
neurosurgical expertise, transfer of patients at risk of malignant brain edema to an institution that 
has such expertise should be considered. 


Prophylactic administration of anticonvulsants to patients with stroke who have not had seizures 
is not recommended. 


Patients with acute hydrocephalus secondary to an ischemic stroke, most commonly one that 
affected the cerebellum, can be treated with placement of a ventricular drain. Decompressive 
surgical evacuation of the space-occupying cerebellar infarction (generally, >3 cm diameter) can 
also be used to treat acute hydrocephalus after a stroke and is a potentially lifesaving measure; 
clinical recovery can be very good, but the impact on morbidity is unknown. Although the 
efficacy of aggressive medical measures, including osmotic therapy (such as mannitol), 
intubation, and hyperventilation, is unproved for the treatment of deteriorating patients with 
malignant brain edema after a large cerebral infarction, the implementation of such measures is 
recommended when definitive decompressive surgery is being considered. Both the age of the 
patient and the site of the infarction (dominant versus nondominant hemisphere) may affect 
decisions about surgery. Although surgery may be recommended for treatment of seriously 
affected patients, the physician should advise the patient’s family about the potential outcomes, 
including survival with severe disability. Corticosteroids are not recommended as treatment of 
cerebral edema and increased intracranial pressure complicating acute ischemic stroke. 
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Secondary Prevention of Ischemic Stroke and Transient 
Ischemic Attack 


Treatable Risk Factors 

Extracranial Large Artery Atherosclerotic Carotid Disease 

Extracranial Large Artery Atherosclerotic Vertebrobasilar Disease 

Intracranial Large Artery Atherosclerosis 

Antithrombotic Therapy for Noncardioembolic Stroke or Transient Ischemic Attack 
Treatments for Stroke of Other or Unusual Causes 


PreviousNext 


Treatable Risk Factors 


e Hypertension 
e Diabetes Mellitus 


e Lipids 
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Hypertension 


Antihypertensive treatment is recommended for prevention of both recurrent stroke and other 
vascular events in persons with hypertension who have had an ischemic stroke or TIA and are 
beyond the hyperacute period. Benefit has been associated with an average reduction of 
approximately 10 mm Hg for systolic blood pressure and 5 mm Hg for diastolic blood pressure; 
desirable blood pressure levels have been defined as less than 140 mm Hg systolic and less than 
90 mm Hg diastolic in most patients and less than 130 mm Hg systolic and less than 80 diastolic 
in patients with diabetes mellitus or those with multiple vascular risk factors (per the seventh 
report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure). 


Lifestyle modifications have been associated with blood pressure reductions and should be 
included as part of any comprehensive antihypertensive therapy. Although the optimal drug 
regimen remains uncertain, available data support the use of diuretics and the combination of 
diuretics and angiotensin-converting enzyme inhibitors to prevent recurrent stroke. 


See also MKSAP 15 Cardiovascular Medicine. 
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Diabetes Mellitus 


The goal of glycemic control in patients with diabetes mellitus who have had ischemic stroke or 
TIA should be to keep glycemic levels as low as is feasible without undue risk for adverse events 


or an unacceptable burden on patients. A hemoglobin Aj, value of less than 7% is a reasonable 
goal for many, but not all, patients. 


More rigorous control of blood pressure (and lipid levels) should be considered in patients with 
diabetes. Most patients will require more than one agent. Angiotensin-converting enzyme 
inhibitors and angiotensin II receptor blockers are more effective in reducing the progression of 
renal disease and are recommended as first-choice medications for patients with diabetes and 
chronic renal disease. 


For more information on diabetes and stroke, see MKSAP 15 Endocrinology and Metabolism. 
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Lipids 


Patients with ischemic stroke or TIA who also have elevated cholesterol levels, comorbid 
coronary artery disease, or evidence of an atherosclerotic origin of the stroke should be treated 
according to the National Cholesterol Education Program Adult Treatment Panel III Guidelines, 
which include lifestyle modification, dietary guidelines, and medication recommendations. 
Statins are recommended. According to these guidelines, the optimal target goal for cholesterol 
lowering for those with coronary artery disease or symptomatic atherosclerotic disease is a serum 
LDL cholesterol level of less than 100 mg/dL (2.6 mmol/L), and for very high-risk persons with 
multiple risk factors, a reasonable goal is a serum LDL cholesterol level of less than 70 mg/dL 
(1.8 mmol/L). 


Patients with ischemic stroke or TIA of presumed atherosclerotic origin who have no pre- 
existing indications for statins (that is, they have normal cholesterol levels, no comorbid 
coronary artery disease, and no evidence of atherosclerosis) are reasonable candidates for 
treatment with a statin to reduce the risk of vascular events, although the level of supporting 
evidence is low. Gemfibrozil or niacin may also be considered in patients with ischemic stroke or 
TIA who have low HDL cholesterol levels. 


Modifiable behavioral risk factors that should be addressed include cigarette smoking, excessive 
alcohol consumption, obesity, and lack of physical activity. 


See also MKSAP 15 Endocrinology and Metabolism. 
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Extracranial Large Artery Atherosclerotic Carotid Disease 


For patients with a recent TIA or ischemic stroke (within the past 6 months) who have ipsilateral 
severe (70%-99%) internal carotid artery stenosis and a life expectancy of greater than 5 years, 


carotid endarterectomy by a surgeon whose perioperative morbidity and mortality rate is less 
than 6% is recommended. For patients with a recent TIA or ischemic stroke and ipsilateral 
moderate (50%-69%) carotid artery stenosis, carotid endarterectomy is also usually 
recommended, depending on patient-specific factors (such as age, sex, comorbidities, and 
severity of initial symptoms). When the degree of stenosis is less than 50%, there is no indication 
for surgery. When carotid endarterectomy is indicated, surgery should occur as soon as possible: 
within 2 weeks of a small or moderate-sized stroke or TIA and within 6 weeks of a large stroke. 


Among patients with symptomatic severe (>70%) internal carotid artery stenosis, carotid 
endarterectomy is still considered the gold standard of surgical therapies; whether angioplasty or 
stenting in routine cases is comparable or superior to endarterectomy is still being evaluated in 
randomized clinical trials. For patients in whom the stenosis is difficult to access surgically, who 
have medical conditions that greatly increase the risk of surgery, or who have other conditions 
(such as radiation-induced stenosis or restenosis after endarterectomy), carotid angioplasty and 
stenting are preferable alternatives to endarterectomy. 


In patients with asymptomatic internal carotid artery stenosis of greater than 60%, carotid 
endarterectomy should be contemplated only if they are medically stable, have severe stenosis, 
are not too old (<80 years), are expected to have a life expectancy of at least 5 years, and can be 
operated on at centers with surgeons who have a low perioperative complication rate in 
asymptomatic patients (<3%). 
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Extracranial Large Artery Atherosclerotic Vertebrobasilar 
Disease 


Endovascular treatment of patients with symptomatic extracranial large artery atherosclerotic 
vertebrobasilar disease may be considered when patients continue to experience symptoms 


directly attributable to posterior circulation ischemia, despite maximal medical therapy with 
antiplatelet agents, statins, and treatment of other vascular risk factors. 
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Intracranial Large Artery Atherosclerosis 


For patients with hemodynamically significant intracranial stenosis who have symptoms despite 
medical therapy, the usefulness of endovascular therapy with angioplasty and/or stent placement 
is uncertain; therefore, this treatment is still considered investigational. 
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Antithrombotic Therapy for Noncardioembolic Stroke or 
Transient Ischemic Attack 


For patients with either TIA or noncardioembolic ischemic stroke associated with 
atherosclerosis, small vessel disease, or cryptogenic causes, antiplatelet agents rather than oral 
anticoagulation are recommended to reduce the risk of recurrent stroke and other cardiovascular 
events. Aspirin (50-325 mg/d), the combination of aspirin (50 mg) and extended-release 
dipyridamole (200 mg) twice daily, and clopidogrel (75 mg/d) monotherapy are all acceptable 
options for initial therapy. 


The combination of aspirin and extended-release dipyridamole is more effective than aspirin 
alone, and clopidogrel may be modestly more effective than aspirin alone on the basis of direct 
comparison trials. The selection of an antiplatelet agent should be individualized according to 
patient risk factor profiles, tolerance, and other clinical characteristics. The addition of aspirin to 
clopidogrel increases the risk of hemorrhage and is not routinely recommended for patients with 
ischemic stroke or TIA. For patients allergic to aspirin, clopidogrel is a reasonable choice. For 
patients who have had an ischemic stroke despite taking aspirin, there is no evidence that 
increasing the dose of aspirin provides additional benefits. Although alternative antiplatelet 
agents are often considered for noncardioembolic stroke in patients already receiving aspirin, no 
single agent or combination has been studied in patients who have had an ischemic stroke or TIA 
while on aspirin therapy. 
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Treatments for Stroke of Other or Unusual Causes 


e Arterial Dissections 


e Cardiac and Hematologic Causes 
e Stroke in Women 
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Arterial Dissections 


For patients with ischemic stroke or TIA and extracranial arterial dissection, use of warfarin for 3 
to 6 months is preferred (or use of antiplatelet agents when anticoagulation is contraindicated). 
Beyond 6 months, long-term antiplatelet therapy is reasonable for most of these patients. 
Anticoagulation beyond 6 months may be considered for patients with recurrent ischemic events. 
If an acute extracranial arterial dissection is discovered in a patient with headache or neck pain 
who has no ischemic symptoms, antiplatelet therapy rather than anticoagulation is advised. For 
patients who have definite recurrent ischemic events despite adequate antithrombotic therapy, 
endovascular therapy (stenting)—or in rare cases surgery—may be considered. 
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Cardiac and Hematologic Causes 


For a discussion of medical treatments for patients whose strokes or TIAs were caused by a 
cardioembolism or by paradoxical embolization caused by a patent foramen ovale, see MKSAP 
15 Cardiovascular Medicine. For a discussion of treatment of strokes or TIAs caused by 
hypercoagulable states or hyperhomocysteinemia, see MKSAP 15 Hematology and Oncology. 
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Stroke in Women 


For pregnant women with high-risk thromboembolic conditions (such as known coagulopathy or 
mechanical heart valves) who have a stroke or TIA, the following options may be considered: (1) 
adjusted-dose unfractionated heparin throughout pregnancy, such as a subcutaneous dose every 
12 hours, with monitoring of activated partial thromboplastin time; (2) adjusted-dose low- 
molecular-weight heparin, with factor Xa monitoring throughout pregnancy; or (3) 
unfractionated heparin or low-molecular-weight heparin until gestational week 13, followed by 
warfarin until the middle of the third trimester when unfractionated heparin or low-molecular- 
weight heparin is reinstituted until delivery. Pregnant women with lower-risk conditions, such as 
bioprosthetic heart valves, may be considered for treatment with unfractionated heparin or low- 
molecular-weight heparin in the first trimester, followed by low-dose aspirin for the remainder of 
the pregnancy. 


For women with a history of ischemic stroke or TIA, neither postmenopausal hormone therapy 
with estrogen nor premenopausal oral contraceptive therapy is recommended. 
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Hemorrhagic Stroke 


e Intracerebral Hemorrhage 
e Aneurysmal Subarachnoid Hemorrhage 
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Intracerebral Hemorrhage 


Age greater than 65 years is a risk factor for intracerebral hemorrhage and may provide a cue to 
physicians for screening and managing modifiable risk factors. Hypertension remains the single 
most important modifiable risk factor; rigorous treatment of hypertension can prevent 
intracerebral hemorrhage. Smoking, heavy alcohol use, cocaine use, antithrombotic medication 
use, and (possibly) a low HDL-cholesterol level are other reported risk factors. 


The classic presentation of intracerebral hemorrhage includes the onset of a sudden focal 
neurologic deficit that progresses over minutes or hours. Other common clinical features include 
headache, nausea, and vomiting. 


CT scans and MRIs are equally reliable in identifying the presence, size, location, and 
progression of a hematoma. Deep hemorrhages (in the basal ganglia, thalamus, pons, and 
cerebellum) in hypertensive patients are most often due to the hypertension, whereas lobar 
hemorrhages in nonhypertensive elderly patients are most often due to cerebral amyloid 
angiopathy. 


The monitoring and management of patients with an acute intracerebral hemorrhage should take 
place in the intensive care unit because of the acuity of the condition, frequent elevations in 
intracerebral pressure and blood pressure, risk of rapid deterioration over the ensuing 72 hours, 
frequent need for intubation and assisted ventilation, and multiple complicating medical issues. 


Antiepileptic drug therapy should be reserved for those patients who experience a clinical 
seizure. The treatment of elevated intracranial pressure should begin with simple measures, such 
as elevation of the head of the bed, analgesia, and sedation. More aggressive therapies, including 
use of osmotic diuretics (mannitol and hypertonic saline solution), drainage of cerebrospinal 
fluid via a ventricular catheter, neuromuscular blockade, and hyperventilation, generally require 
concomitant monitoring of intracranial pressure and blood pressure, with a goal to maintain a 
cerebral perfusion pressure above 70 mm. As with ischemic stroke, persistent hyperglycemia 
(plasma glucose levels >140 mg/dL [7.8 mmol/L]) during the first 24 hours after hemorrhagic 
stroke is associated with poor outcomes and so should be treated. 


In heparin-associated intracerebral hemorrhage, protamine sulfate is used to reverse the 
coagulopathy. Patients with warfarin-associated intracerebral hemorrhage should be treated with 
intravenous vitamin K to reverse the effects of the warfarin and with fresh frozen plasma to 
replace clotting factors. The treatment of patients with intracerebral hemorrhage related to 
thrombolytic therapy includes urgent empirical therapies to replace clotting factors 
(cryoprecipitate, 2 bags/10 kg). Emergent surgical evacuation of the hematoma is indicated for 
patients with a cerebellar hemorrhage greater than 3 cm who are deteriorating neurologically or 
who have brain stem compression and/or hydrocephalus from ventricular obstruction. 
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Aneurysmal Subarachnoid Hemorrhage 


e Pathophysiology, Risk Factors, and Diagnosis 


e Neurologic Complications 
e Unruptured Intracranial Aneurysms 
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Pathophysiology, Risk Factors, and Diagnosis 


One in every 20 strokes is caused by a subarachnoid hemorrhage from an intracranial aneurysm. 
Saccular aneurysms arise at sites of arterial branching, usually at the base of the brain, either on 
the circle of Willis itself or at a nearby branching point (Figure 7). Most intracranial aneurysms 
will never rupture. The rupture risk increases with the size of the aneurysm. 


Modifiable risk factors for subarachnoid hemorrhage include hypertension, smoking, and 
excessive alcohol intake. Genetic factors obviously play important roles in familial subarachnoid 
hemorrhage. Intracranial aneurysms have been reported in up to 10% of adults with autosomal 
dominant polycystic kidney disease. 


Sudden headache is the most characteristic symptom of subarachnoid hemorrhage. This 
headache is generally diffuse and often described as the most severe headache a patient has ever 
experienced. A sentinel headache (a thunderclap headache in the days or weeks preceding a 
subarachnoid hemorrhage) occurs in 10% to 40% of patients with subarachnoid hemorrhage; two 
thirds of these patients have a depressed level of consciousness at presentation. Neck stiffness is 
a common symptom. Funduscopy is essential to evaluate for subhyaloid hemorrhage, which is 
found in 15% of these patients (Figure 8). Focal neurologic deficits occur from aneurysms that 
compress a cranial nerve, bleed into brain parenchyma, or cause focal ischemia due to 
vasospasm. Systemic features may include hypertension, hypoxemia, and electrocardiographic 
changes. Patients with a subarachnoid hemorrhage may receive a preliminary misdiagnosis (such 
as migraine headache); this has occurred in 12% to 51% of patients. Without timely detection 
and definitive management, rerupture occurs in 15% of patients within the first 24 hours and in 
40% within the first month. 


Obtaining a CT scan is the appropriate first step if a subarachnoid hemorrhage is suspected 
(Figure 9). The ability to detect a subarachnoid hemorrhage on CT is dependent on its volume, 
the time interval since symptom onset, and the experience of the radiologist. On the first day, 
extravasated blood will be seen in greater than 95% of patients, but in the following days, this 
proportion drops off precipitously. In an important minority of patients (~5%) with sudden 
headache and normal findings on a head CT scan, the cerebrospinal fluid will contain an 
abnormally elevated erythrocyte count or xanthochromia within 12 hours; angiography 
subsequently confirms a ruptured aneurysm. Therefore, a lumbar puncture is necessary in any 
patient with sudden severe headache and normal findings on a head CT scan. 


Angiographic studies not only identify the presence of one or more aneurysm, but also allow 
study of the anatomic configuration of the aneurysm in relation to adjoining arteries, which 
allows selection of treatment. The sensitivities and specificities of both CT and MRA for 
detecting an aneurysm, with conventional angiography as the gold standard, are approximately 


95% and 100%, but diminish for very small aneurysms (<3 mm). In patients with an acute 
subarachnoid hemorrhage, CT or MRA should generally be conducted first, followed by the 
more invasive conventional angiography. 


Figure 7. The intracranial vasculature showing the most 
frequent locations of intracranial aneurysms. 


Percentages indicate the incidence of intracranial aneurysms. 
Reprinted with permission from Brisman JL, Song JK, Newell DW. Cerebral aneurysms. New 


Engl J Med. 2006;355(9):929. [PMID: 16943405] Copyright 2006 Massachusetts Medical 
Society. All rights reserved. 


Figure 8. Funduscopic examination of the left eye showing 
intraocular hemorrhages. 


Intraretinal hemorrhages, white-centered hemorrhages, and a boat-shaped subhyaloid 
hemorrhage covering the inferior left macula (top) are visible with the patient sitting upright. As 
the patient leans forward (bottom), the subhyaloid hemorrhage becomes circular in shape 
(arrows). 


Reprinted with permission from Campillo-Artero C. International Committee of Medical Journal 
Editors’ definition of a clinical attack. Annals of Internal Medicine. 2005;143(11):847. [PMID: 
16330804] 


Figure 9. Unenhanced CT scan showing a subarachnoid 
hemorrhage. 


This image shows hyperdensity (blood) in the sylvian fissure (short arrows), the 
interhemispheric fissure (Jong arrow), and the cistern surrounding the brainstem (arrowheads). 
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Neurologic Complications 


The three main neurologic complications for a patient with a subarachnoid hemorrhage are 
rebleeding, delayed brain ischemia from vasospasm, and hydrocephalus. In the first few hours 
after a subarachnoid hemorrhage, up to 15% of patients have a sudden deterioration related to 
recurrent bleeding. To prevent rebleeding, the aneurysm must be secured by coiling or clipping. 
During the past decade, endovascular occlusion of aneurysms by detachable coils (Figure 10) 
has emerged as a valuable treatment alternative to surgical clipping in properly selected patients. 
Nimodipine has been shown to reduce the risk of secondary ischemia after aneurysmal 
subarachnoid hemorrhages. The typical presentation of acute hydrocephalus is initial alertness 
followed by a gradual reduction in consciousness over the next few hours. 
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Figure 10. Detachable coils used for occlusion of aneurysms. 


Three detachable coils used by endovascular surgical neuroradiologists to pack an intracranial 
aneurysm and prevent rupture and subarachnoid hemorrhage. 
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Unruptured Intracranial Aneurysms 


Decisions regarding management of unruptured intracranial aneurysms should be based on the 
careful comparison of the short- and long-term risks of aneurysmal rupture compared with the 
risk of intervention. The principal factors that influence the risk of aneurysmal rupture include 
site, size, morphology, presence of multiple lobes, aneurysm aspect ratio (ratio of length of the 
aneurysm to neck size), and the presence of a thrombus. The key patient factors include age, 
medical history, history of prior subarachnoid hemorrhage, positive family history, and the 
patient’s perspective and inclination about observation versus intervention. Natural history data 
from prospective cohort studies allow valid site- and size-specific rupture rates to be calculated, 
which can be very useful in routine clinical practice. For patients without prior subarachnoid 
hemorrhage, the lowest-risk aneurysms (annual rupture risk of approximately 0.05%) were those 
in the anterior circulation and were less than 7 mm in diameter; for other aneurysm size 
categories, the annual rupture rates are 0.5% (7-12 mm), 2.9% (13-24 mm), and 8% (>24 mm). 
For posterior circulation aneurysms, the annual rupture rates by aneurysm size are 0.5% (<7 
mm), 2.9% (7-12 mm), 3.7% (13-24 mm), and 10% (>24 mm). 
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Recovery After Stroke 


e Intensive Rehabilitation Programs 
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Intensive Rehabilitation Programs 


Forty percent of patients who have a stroke are left with moderate functional impairment, and 
15% to 30% have severe disability. Interventions stressing effective, early, intensive 
rehabilitation can enhance the recovery process and minimize functional disability. Substantial 
evidence from meta-analyses and randomized clinical trials indicates that patients do better with 
a well-organized multidisciplinary approach to postacute stroke care. Stroke rehabilitation begins 
during the acute phase of hospitalization, as soon as the diagnosis is established and life- 
threatening complications are controlled. The highest priorities of early stroke rehabilitation are 


to prevent recurrence of stroke, manage comorbidities, prevent complications (such as deep 
venous thrombosis, bowel and bladder dysfunction, dysphagia and aspiration, spasticity, pain, 
and depression), minimize impairments, and maximize function. Studies support early 
mobilization of patients to prevent complications. Progressive activity should be provided as 
soon as medically tolerated. Outcomes are anticipated to be better with greater intensity of 
rehabilitative services. 
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Key Points 


Clues to potentially reversible dementia include abrupt or rapid onset, fluctuating 
severity, hypersomnolence, inattention, tremulousness, gait unsteadiness, and 
hallucinations. 

The initial evaluation of patients with dementia should include CT of the head or MRI of 
the brain, thyroid and vitamin B; assays, complete blood counts, and a basic metabolic 
panel. 

The triad of gait apraxia, dementia, and urinary incontinence, especially when 
accompanied by enlarged ventricles, is suggestive of normal pressure hydrocephalus. 
Mild cognitive impairment denotes abnormal cognitive decline that is not severe enough 
to produce disability. 

Mild cognitive impairment associated with memory loss is often an early stage of 
Alzheimer dementia, with an annual conversion rate of approximately 10% to 15% per 
year. 

The two risk factors that account for the greatest number of Alzheimer dementia cases are 
advanced age and the apolipoprotein E genotype with an e4 allele. 

The acetylcholinesterase inhibitor drugs donepezil, rivastigmine, and galantamine are 
first-line therapeutic agents for mild to moderate Alzheimer dementia, whereas 
memantine is a first-line agent for moderate to advanced Alzheimer dementia. 

The use of antipsychotic drugs for the treatment of agitation and psychotic behavior in 
patients with Alzheimer dementia (and other types of dementia) carries an increased risk 
of mortality and morbidity and is considered off-label use. 

Abrupt cognitive, behavioral, and neurologic deterioration in a patient with Alzheimer 
dementia and other types of dementia can result from urinary tract infection, pneumonia, 
medication errors, and various other causes and thus should prompt a timely and 
thorough evaluation. 

The American Academy of Neurology advises that patients with mild cognitive 
impairment and a clinical dementia rating (CDR) of 0.5 should be cautioned about 


driving and patients with mild Alzheimer dementia (CDR score of 1.0) should cease 
driving. 

e Most patients with vascular dementia have concomitant Alzheimer dementia, and 
dementia severity in such patients correlates more closely with neurofibrillary tangle than 
vascular pathology. 

e The three main clinical syndromes of frontotemporal lobar degeneration are progressive 
nonfluent aphasia, semantic dementia, and frontotemporal dementia, with the last being 
the best known. 

e Approximately 10% of patients with frontotemporal lobar degeneration, especially those 
with frontotemporal dementia, may have concurrent motoneuron disease. 

e Dementia with Lewy bodies is characterized by parkinsonism, visual hallucinations, rapid 
eye movement sleep behavior disorder, and a subcortical pattern of dementia that occurs 
at the onset or within | year of the onset of parkinsonism. 
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Overview of Dementia 


Dementia is a clinical syndrome in which multiple cognitive domains—including memory, 
language, spatial skills, judgment, and problem solving—are impaired to a disabling degree. 
Some dementing illnesses can also affect noncognitive neurologic functions (such as gait). 
Diseases that cause dementia often produce characteristic patterns of cognitive (and sometimes 
noncognitive) impairment that can aid diagnosis. 
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Reversible and Nonreversible Causes of Dementia 


Cognitive impairment in an elderly person has many potential causes (Table 8). The single most 
important diagnostic goal is to determine whether the cause is reversible or not. Time course, 
medical context, symptoms, and signs all must be considered. Historical clues suggesting a 
reversible process include abrupt or rapid onset, fluctuating severity, altered level of 
consciousness, hypersomnolence, and hallucinations. (None of these clues is absolute, however; 
for example, Creutzfeldt-Jakob disease is rapidly progressive yet uniformly fatal, and fluctuating 
severity and visual hallucinations typify dementia with Lewy bodies, an irreversible degenerative 
disease.) Other clues on mental status testing that suggest a reversible process include 
inattention, disorientation, and somnolence in the absence of frank amnesia. On physical 
examination, clues include ataxia, hyperreflexia, tremulousness, and other findings that are often 
seen in elderly patients but are not part of the typical picture of Alzheimer dementia. 


Table 8. Common Causes of Cognitive Decline 


Pathophysiologic Acute/Subacute Chronic 


Category of Dementia 


Vascular Stroke Vascular disease 

Infectious Viral encephalitis Fungal meningitis 

Toxic Acute drug effect (as from Chronic drug effect (as from 
amitriptyline) lithium) 

Metabolic Hepatic encephalopathy Hypothyroidism 

Inflammatory Cerebral vasculitis Nonvasculitic autoimmune 

meningoencephalitis 

Nutritional Wernicke-Korsakoff syndrome Vitamin Bj deficiency 
(thiamine deficiency) 

Degenerative Delirium superimposed on Alzheimer dementia and related 
dementia (as with a urinary tract disorders 
infection) 

Epileptic Seizure; postictal state Psychomotor status epilepticus 

Traumatic Acute head injury Sequelae of brain trauma 

Psychiatric Acute psychosis (as in Chronic psychosis (as in bipolar 
schizophrenia) affective disorder) 

Neoplastic Primary brain tumor; obstructive Meningeal carcinomatosis; 
hydrocephalus communicating hydrocephalus 

PreviousNext 


General Diagnostic Considerations 


When dementia is suspected, a CT scan or an MRI of the brain should be obtained to identify 
any structural lesions or other potentially reversible causes. An MRI is generally preferred 
because of its greater sensitivity for cerebrovascular disease and other disorders. Such brain 
imaging is important in all patients undergoing initial diagnostic evaluation but need not be 
repeated routinely in the absence of unexpected changes in disease course. A complete blood 
count, thyroid function tests, a basic metabolic panel, and a serum measurement of vitamin B12 
level should also be performed. Serologic testing for syphilis should be considered in the 
appropriate medical setting but is no longer routinely recommended. 


An electroencephalogram (EEG) can help identify nonconvulsive status epilepticus, especially in 
patients with a fluctuating level of consciousness, unusual repetitive movements, or a history of 
epilepsy. Severe dysrhythmic slowing on an EEG can be a nonspecific indicator of chronic 


meningitis and thus might prompt more invasive testing (such as a lumbar puncture). In addition, 
diagnostically characteristic EEG patterns, such as triphasic waves, may be seen in patients with 
hepatic or uremic encephalopathy. 


Lumbar puncture and subsequent cerebrospinal fluid (CSF) examination, although not routinely 
recommended for all patients with dementia, should be considered in those with fluctuating 


levels of consciousness, in those at risk for carcinomatous meningitis, in those seemingly too 
young to be developing a degenerative brain disease, in those at high risk for central nervous 
system infections, and in those with rapidly progressive disease in whom infection, 
inflammation, or a neoplasm may have caused chronic meningitis. 


Cerebral angiography should be considered only in highly select patients with a high index of 
suspicion for cerebral vasculitis. Likewise, meningeal and brain biopsy should be considered 
only in patients in whom inflammatory, infectious, or malignant central nervous system disease 
is strongly suspected. Usually, there is concurrent evidence of such a disorder based on a 
severely dysrhythmic EEG, abnormal CSF findings, and often a suggestive medical history of 
cancer, immune compromise, or autoimmunity. In a patient with suspected cerebral vasculitis or 
autoimmune encephalopathy, an empiric therapeutic trial of corticosteroids can be considered 
instead of biopsy, but clear endpoints of success and failure should be established, and the 
procedure should optimally be performed under neurologic supervision. 
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Normal Pressure Hydrocephalus 


The triad of gait apraxia, dementia (especially with a subcortical pattern), and urinary 
incontinence is suggestive of normal pressure hydrocephalus (NPH), in particular when these 
findings are accompanied by enlarged ventricles. NPH is a potentially reversible disorder, but the 
characteristic triad is nonspecific. Not all patients with dementia who also have gait apraxia and 
urinary incontinence have NPH, as these symptoms occur eventually in many patients with 
dementia. Nevertheless, NPH should remain a major diagnostic consideration in patients with 
this triad of symptoms because it can sometimes be reversed. NPH usually presents as a 
predominantly shuffling gait disorder (gait apraxia) that is unresponsive to antiparkinsonian 
medications and may precede or occur in the absence of other symptoms. Although head CT 
scans and MRIs of the brain in patients with NPH typically show ventriculomegaly that is 
disproportionate to the degree of cortical atrophy, even the use of a standard ratio of ventricular 
to brain diameter is unreliable, and NPH can be present even with modest degrees of ventricular 
enlargement. 


There is no universally accepted approach for diagnosing NPH, and the diagnosis is often not 
made until after some form of treatment is administered. For example, gait improvement after 
cerebrospinal fluid drainage (best performed with neurologic or neurosurgical consultation) may 
indicate NPH, as may symptom improvement after surgical placement of a ventriculoperitoneal 
shunt; the latter procedure, however, has a variable response rate, and most studies report a much 
higher rate of improvement in the gait disorder than the dementia. 
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Classification of Dementia 


Distinctions between cortical and subcortical dementia are evident during the mild to moderate 
stages of illness but become less clear in later stages. These distinctions help identify the correct 
diagnosis and predict the types of therapeutic interventions that may become needed. Some 
diseases that cause subcortical patterns of dementia lead to earlier gait, balance, and swallowing 
difficulties than occur with most causes of cortical dementia. The defining clinical signs of 
cortical dementia are aphasia (impaired language), apraxia (impaired movement programming), 
and agnosia (impaired recognition)—the three “A”’s. Subcortical signs primarily include 
extrapyramidal syndromes and slowing of thought and movement (psychomotor slowing). 
Cortical signs characterize Alzheimer dementia and the frontotemporal lobar degeneration 
syndromes of primary nonfluent aphasia, semantic dementia, and frontotemporal dementia (with 
and without motoneuron disease). Subcortical dementias are primarily found in progressive 
supranuclear palsy, Parkinson disease with dementia, Huntington disease, and the small-vessel 
form of vascular dementia. Mixed patterns of dementia characterize cortical basal ganglionic 
degeneration and dementia with Lewy bodies. 


PreviousNext 


Mild Cognitive Impairment 


Early in the course of Alzheimer dementia, patients may not be functionally impaired. The 
diagnostic term “mild cognitive impairment” (MCI) was originally introduced to describe their 
condition (abnormal cognitive decline that is not severe enough to produce disability) and define 
a syndrome of progressive memory impairment. More recently, this diagnosis has evolved by 
consensus into an entire classification scheme for early, nondisabling cognitive disorders (‘Table 
9). The Clinical Dementia Rating (CDR) scale has been used to assess functional impairment and 
to stage disease in research studies. Although too time consuming for use in most clinical 
settings, the CDR scale provides a useful conceptual framework that includes the functional 
categories of memory, orientation, judgment and problem solving, community affairs, home and 
hobbies, and personal care. Typically, a score of 0 indicates normal cognition, 0.5 MCI, 1.0 mild 
dementia, 2.0 moderate dementia, and 3.0 severe dementia. 


Longitudinal studies of patients with MCI associated with memory loss have shown a conversion 
rate to dementia of roughly 10% to 15% per year, although conversion rates vary considerably 
among studies, in part because of different operational definitions of MCI. After 5 years, 
approximately half of all patients with MCI will meet the criteria for dementia, particularly 
Alzheimer dementia; after 10 years, most will have Alzheimer dementia (or another dementia 
syndrome). At autopsy, approximately 80% of patients originally diagnosed with MCI have 
Alzheimer dementia; other diagnoses that have been confirmed include vascular dementia, 
frontotemporal dementia, and various less common diseases, with a small percentage of patients 
showing only the effects of normal aging. In most patients, therefore, MCI associated with 
memory impairment can be regarded as an early clinical stage of Alzheimer dementia. 


Table 9. Diagnostic Classification Scheme for Mild Cognitive 
Impairment 


General 

Symptomatic cognitive complaint 
Normal activities of daily living 

Normal general cognitive function 
Objective cognitive impairment 

Does not meet DSM criteria for dementia 
Single domain (symptomatic and objective impairment in one of these categories) 
Memory 

Language 

Visuospatial 

Executive 


Multiple domain (symptomatic and objective impairment in two or more of the single domain 
categories) 


Cause 
Degenerative 
Vascular 
Other 


DSM = Diagnostic and Statistical Manual of Mental Disorders. 
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Clinical Description and Diagnosis of Alzheimer Dementia 


The onset of Alzheimer dementia is insidious and its progression gradual. Alzheimer dementia is 
characterized by prominent memory loss, anomia, constructional apraxia, anosognosia (impaired 
recognition of illness), and variable degrees of personality change that cause some patients to 


become mistrustful and aggressive or frankly delusional and belligerent. Visual variant 
Alzheimer dementia, or posterior cortical atrophy, is a syndrome in which patients with a similar 
pathologic process develop progressive visual impairment related to atypically early and severe 
degenerative involvement of posterior visual cortices that may ultimately result in functional 
cortical blindness. Other focal variants of Alzheimer dementia are less common but can cause 
aphasic, apraxic, and frontotemporal patterns of dementia. 


Criteria for dementia of the Alzheimer type from the Diagnostic and Statistical Manual of 
Mental Disorders, fourth edition, highlight that memory and other cognitive domains are 
impaired (aphasia, apraxia, and agnosia) to a functionally disabling degree and that another cause 
is unlikely. Additionally, the National Institute of Neurological and Communicative Disorders 
and Stroke—Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) use the 
following categorization criteria: 


e Possible Alzheimer dementia—Patient’s course is marked by atypical features or 
coincident, potentially confounding comorbidities. 

e Probable Alzheimer dementia—There are multiple domains of functionally disabling 
impairment, including memory loss. 

e Definite Alzheimer dementia—Brain tissue on autopsy confirms the diagnosis in a 
patient with clinically probable Alzheimer dementia. 


There are no widely used biomarkers for Alzheimer dementia, so the goal of the clinical 
evaluation remains the exclusion of nondegenerative causes. All patients with suspected 
Alzheimer dementia should undergo the tests mentioned previously for patients with dementia 
(imaging studies, blood tests) in addition to other tests specific to the patient’s medical history. 
Imaging findings of generalized or medial temporal atrophy are common but nonspecific for 
Alzheimer dementia. Other diagnostic tests not routinely performed and considered optional at 
this time include assessment for the apolipoprotein E (APOE) genotype (the e4 allele implies 
greater likelihood of Alzheimer dementia in a patient with cognitive impairment); 
fluorodeoxyglucose positron emission tomographic scanning (reduced cerebral glucose 
metabolism in posterior cingulate, parietal, and temporal cortices is characteristic of Alzheimer 
dementia); and CSF analysis for amyloid beta (AB) amino acids 41-42 (lower levels imply 
Alzheimer dementia) and phospho-tau (higher levels imply Alzheimer dementia). 
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Pathology of Alzheimer Dementia 


The two hallmark neuropathologic lesions that define Alzheimer dementia are the neuritic 
amyloid plaque and the neurofibrillary tangle, both of which are generally found in increasing 
numbers with increasing disease severity (Figure 11). In general, neurofibrillary tangle 
formation is seen first in medial temporal structures and gradually spreads into neocortical 
regions, with disease progression sparing primary sensorimotor regions until very late in the 
disease course. Amyloid pathology correlates less well with cognitive loss than does 
neurofibrillary tangle density, and both correlate less well than does the associated loss of 


synapses. An unresolved issue with both sets of diagnostic criteria is the significance of plaques 
and tangles in elderly persons without dementia, since current practice restricts the diagnosis of 
Alzheimer dementia to those diagnosed with dementia during their lifetimes; this may result in 
underestimating the number of persons with the disease who die during a preclinical stage. 
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Figure 11. Photomicrograph of the neuropathologic findings 
of Alzheimer dementia. 


Left, neuritic amyloid plaques (Campbell-Switzer stain). Right, neurofibrillary tangles (Gallyas 
stain). 


Reprinted with permission from Caselli RJ, Beach TG, Yaari R, Reiman EM. Alzheimer’ s 
disease a century later. J Clin Psychiatry. 2006;67(11):1789. [PMID: 17196061] Copyright 2006 
Physicians Postgraduate Press. (Photomicrographs courtesy of Dr. Thomas Beach.) 
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Risk Factors, Incidence, and Prevalence of Alzheimer 
Dementia 


The most common cause of dementia, Alzheimer dementia accounts for more than half of all 
cases and increases in frequency with advancing age. Epidemiologic age-specific estimates of 
incidence and prevalence vary by region and study because of differences in diagnostic criteria 
and population demographics. There is an exponential increase in both incidence and prevalence 
with advancing age, at least through the ninth decade. The prevalence of severe dementia from 
all causes in patients older than 60 years is estimated at 5% and in those older than 85 years 
between 20% and 50%. The lifetime risk of developing Alzheimer dementia is estimated to be 
between 12% and 17%. 


Besides age, APOE status is the second most important risk factor for Alzheimer dementia. In 
both familial late-onset Alzheimer dementia and sporadic cases, presence of the APOE e4 allele 


increases risk, whereas presence of the e2 allele decreases risk. The lifetime risk of Alzheimer 
dementia in persons without a family history increases from 9% in those without an APOE e4 
allele to 29% in those with one copy of the allele. APOE e4 homozygotes make up roughly 2% 
of the population, and approximately 80% to 90% of them are estimated to develop Alzheimer 
dementia in their lifetimes. APOE genetic testing is available but not generally recommended for 
asymptomatic individuals because of the current absence of effective disease-modifying therapy. 
In limited populations, other genetic factors play a determining role, such as in patients with 
Down syndrome (trisomy 21) and in autosomal dominant early-onset familial Alzheimer 
dementia kindreds. 
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Progression of Alzheimer Dementia 


Alzheimer dementia is a gradually progressive disease whose earliest clinical stage is MCI. The 
mean time from the diagnosis of probable Alzheimer dementia until death is approximately 6 
years. Multiple staging schemes of dementia severity between MCI (CDR score = 0.5) and death 
can be most simply summarized as mild (CDR score = 1.0), moderate (CDR score = 2.0), and 
severe (CDR score = 3.0). 


Mild dementia implies that cognitive loss has progressed to a point of disability in some normal 
daily activities, such as misplacing items in inappropriate places (putting ice cream in the 
pantry), becoming lost in familiar places, having difficulty with simple financial transactions 
(being unable to make change), and experiencing mild deterioration in personal care. Most tasks 
are completed correctly most of the time, and patients may deny they have a problem 
(anosognosia). 


Moderate-stage Alzheimer dementia is characterized by more severe impairment of cognitive 
skills, such as language (naming, spelling), and of the ability to perform basic daily activities, 
such as running a home (preparing meals, managing household finances). Delusional thinking is 
also characteristic, with stealing and infidelity as two prevalent themes. Patients at this stage 
cannot generally make a successful pretense of normalcy and require supervision, even if they 
continue to deny that anything is wrong. 


Patients with severe dementia require assistance with all basic activities of daily living, including 
dressing, bathing, personal hygiene, and eating. Urinary and bowel incontinence develops during 
this stage. Affected patients are more frankly aphasic (fluent aphasia), agnosic (failure to 
recognize familiar people and places), and apraxic (inability to write or dress) in addition to 
having memory loss. 
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Treatment of Alzheimer Dementia 


Alzheimer dementia is best treated with the primary therapeutic modality of caregiving, with the 
physician largely providing assistance to the caregiver. In this context, pharmacotherapy and 
lifestyle adjustments can be used. 
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Pharmacotherapy 


There are six major categories of pharmacotherapy to consider in any patient with Alzheimer 
dementia. 
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Prevention 


There are as yet no proven pharmacologic or other primary prevention therapies for Alzheimer 
dementia. Some treatments claimed to be effective include use of various drugs, dietary 
measures, and exercise. However, none has been definitively assessed or is widely accepted as 
yet. 
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Intellectual Decline 


Two classes of drugs have been approved by the U.S. Food and Drug Administration (FDA) for 
use to enhance memory and related intellectual skills in patients with Alzheimer dementia: 
acetylcholinesterase inhibitors and the N-methyl-D-aspartate receptor antagonist memantine. 
Donepezil, galantamine, and rivastigmine are three acetylcholinesterase inhibitors currently 
approved for the treatment of mild to moderate Alzheimer dementia. As a class, these agents 
modestly improve cognition, performance of activities of daily living, and functioning as 
assessed by global measures. For the most part, treatment goals focus on delaying the worsening 
of these features, although a minority of patients can actually show temporary partial 
improvement. Memantine is approved as treatment for the moderate to late stages of Alzheimer 
dementia. After a full therapeutic trial of a medication from one class, there is some evidence to 
suggest that modest additional benefit may be obtained by adding a medication from the other 
class. 


Dementia with Lewy bodies and vascular dementia usually have concomitant neuropathologic 
evidence of Alzheimer dementia, and some patients with frontotemporal dementia have a clinical 
variant of Alzheimer dementia rather than true frontotemporal lobar degeneration. All this 
suggests (with limited clinical trial support) that using these medications for atypical forms of 
dementia may also be warranted, although such use is not FDA approved at this time. 
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Behavioral Decline 


Behavioral management of Alzheimer dementia involves the off-label use of medications, and so 
extra caution is warranted in this setting. The three categories of behavioral problems commonly 
encountered in patients with Alzheimer dementia and other dementias that are amenable to 
pharmacologic management are psychosis, depression, and anxiety. 


Psychosis includes the symptoms of agitation (particularly sundowning), paranoid delusions, and 
hallucinations (typically, but not exclusively, visual and more common in patients with dementia 
with Lewy bodies than Alzheimer dementia). No agents have received FDA approval for the 
treatment of dementia-related psychosis, but atypical antipsychotic agents, such as quetiapine, 
are widely used in patients with parkinsonism, for example, because they are less likely to cause 
or exacerbate extrapyramidal syndromes than are older agents. Two recent studies showed no 
efficacy of such agents in patients with dementia when used in either a community-based setting 
or a subspecialty practice. Because the dosages used in both studies were considered by many 
subspecialists too low to be conclusive, the use of these agents continues. The FDA requires a 
black box warning label on the use of atypical antipsychotic agents in the treatment of dementia 
because of the roughly 1.6-fold increased risk of mortality they pose 
(www.fda.gov/Drugs/DrugSafety/PublicHealthAdvisories/ucm053171.htm). Older typical 
antipsychotic drugs, such as haloperidol, pose an even higher risk of parkinsonism, tardive 
dyskinesia, and death in patients with Alzheimer dementia. All antipsychotic agents should be 
avoided in patients with prolonged QT intervals because of the risk of torsades de pointes and 
ventricular tachycardia. 


Drugs with anticholinergic properties, such as tricyclic antidepressants, should be avoided in the 
treatment of depression in patients with Alzheimer dementia because of the risk of exacerbating 
confusion. Selective serotonin reuptake inhibitors (SSRIs) are preferred and can sometimes also 
help ease agitation. However, SSRIs may occasionally precipitate rapid eye movement (REM) 
sleep behavior disorder (body or limb movements during REM sleep) in patients with an 
underlying Lewy body-trelated disorder. Another option is trazadone, although randomized 
controlled trials of this drug are lacking. 


Buspirone or an SSRI may be tried initially to treat anxiety in patients with Alzheimer dementia. 


If not effective, a low-dose atypical antipsychotic medication (as described earlier) might be 
considered. 
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Sleep Disorders 


For simple insomnia in patients with Alzheimer dementia, an educational program teaching them 
and their caregivers the rudiments of sleep hygiene and directing them to set the specific goals of 
improved nighttime sleep, reduced daytime sleep, and increased daily physical activity may be 
effective; if this fails, a short-acting sedative-hypnotic, such as zolpidem or zaleplon, may be 
given either at bedtime or when the patient awakens during the night. Antihistamines, which are 
generally affordable and accessible, may have adverse effects on cognition and so are not 
recommended as treatment of simple insomnia in patients with Alzheimer dementia. 


Patients with REM sleep behavior disorder exhibit dream-enactment behavior (acting out of 
dreams during REM sleep); electromyographic recordings in such patients who also have 
Parkinson disease and related disorders, such as dementia with Lewy bodies, have shown a lack 
of the muscle atonia typical of sleep because of involvement of cholinergic brainstem nuclei. 
Low-dose clonazepam can be helpful, but patients should be monitored carefully for 
benzodiazepine-related exacerbation of cognitive impairment or ataxia. There are anecdotal 
reports of melatonin efficacy in some patients. 


Obstructive sleep apnea (OSA) is not a cause of dementia but can cause mild cognitive problems 
that may be mistaken for early-stage Alzheimer dementia. OSA is more commonly found in 
persons with APOE e4, a genetic risk factor of Alzheimer dementia. In patients with OSA and 
mild cognitive difficulties, treating underlying OSA may improve the cognitive syndrome. If 
OSA is strongly suspected, a formal sleep study and a trial of continuous positive airway 
pressure should be attempted. 


Although nocturia is not a primary sleep disorder, it is a common reason that some patients with 
Alzheimer dementia are awake at night and tired during the day. 
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Other Commonly Associated Disorders 


Urinary incontinence is frequently found in patients with Alzheimer dementia and other types of 
dementia. Two of the most common causes are a flaccid distended bladder, which causes 
overflow incontinence, and a spastic bladder. Checking the residual amount of urine postvoiding 
(by ultrasonography in most patients) can distinguish between these two causes. A flaccid 
distended bladder may require intermittent catheterization. A spastic bladder can usually be 
managed with peripherally acting anticholinergic agents, such as oxybutynin and tolterodine. 
These drugs risk exacerbating a patient’s confusion but, if started at a low dose and titrated 
gradually, can often be used safely and effectively. For patients with visual-variant Alzheimer 
dementia who have cortical visual syndromes, physical and occupational therapy and safety 
interventions should be considered. 
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Abrupt Decline 


Abrupt cognitive, behavioral, and neurologic deterioration in a patient with Alzheimer dementia 
and other types of dementia can result from urinary tract infection, pneumonia, medication 
errors, and various other causes that should prompt a timely and thorough evaluation. Over the 
protracted course of Alzheimer dementia, many patients may experience an acute delirium, with 
exacerbated, confused, and slurred speech; somnolence; agitation; tremulousness; unsteadiness; 
falls; and worsened incontinence. Often, the delirium is due to a superimposed illness (most 
commonly, a urinary tract infection or pneumonia), a medication error, an injury, or some other 
cause that must be sought and managed. Postoperative delirium is highly predictable and often 
easily managed. In a study of elderly patients with hip fracture who did not have dementia, 
preoperative treatment with low-dose haloperidol reduced the duration and severity of 
postoperative delirium; the absolute incidence of delirium was also lower, but this difference did 
not reach statistical significance. Anecdotal reports suggest similar efficacy in patients with 
dementia, but as yet no controlled trials of haloperidol have been performed in this population. 
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Lifestyle Changes 


The home environment should remain familiar and uncluttered, with ample lighting—especially 
at night—to prevent falls and injuries. Other home modifications that can be made include 
installing locks on cabinets, cupboards, and ovens and removing heat- or flame-controlling knobs 
on stovetops. Families should be instructed to keep poisonous or harmful substances and sharp 
objects out of reach. Caregivers should be encouraged to register patients with Alzheimer 
dementia who have a tendency to wander in the Alzheimer’s Association’s Safe Return Program 
(www.alz.org/we_can_help_medicalert_safereturn.asp), a national identification program. In the 
mild stages of Alzheimer dementia, medication taking should be supervised, as should finances. 
In later stages, caregivers should manage these two activities completely. 


Advanced directives can enable a trusted caregiver to become the legal guardian of a patient with 
Alzheimer dementia. In the absence of current patient competency, living wills, power of 
attorney, and legal guardianship can provide for the care of a patient and the protection and 
management of his or her estate. 


Memory loss, impaired attention, inability to multitask, and other cognitive disturbances typical 
of Alzheimer dementia all impair driving skills, as proved in actual road tests and in driving- 
simulation tests. Patients with Alzheimer dementia who continue to drive, when compared with 
similarly aged persons without Alzheimer dementia, have two to eight times the number of 
collisions. According to a practice parameter of the Quality Standards Subcommittee of the 
American Academy of Neurology, patients with MCI and a CDR score of 0.5 should be 
cautioned about driving. Although there is typically no absolute restriction on driving in the 
absence of an overt driving impairment (reported either by the patient or a reliable observer), 
physicians should be aware of the reporting requirements in their state. (For instance, California 


requires physicians to report the diagnosis of Alzheimer dementia to state epidemiologists, who 
then report the diagnosis to the Department of Motor Vehicles.) The American Academy of 
Neurology advises that patients with MCI be reassessed every 6 months until their diagnosis 
converts to Alzheimer dementia, which usually implies that their CDR score has increased to 1.0 
(mild dementia) or worse, at which point cessation of driving is advised. 


Given that gun ownership is prevalent in the United States and that guns are deliberately kept in 
an unloaded state in only 17% of households with guns, keeping weapons in secured storage sites 
and unloading any weapons should be considered when a member of the household has 
Alzheimer dementia. 


Patients with dementia often require behavioral supervision and extensive assistance with 
activities of daily living, medication use, and essentially every aspect of daily life. Consequently, 
many are placed in assisted living and skilled nursing facilities. Predictors of placement outside 
the home include increasing severity of dementia, increased burden of need, and reduced 
availability of caregivers. Some studies have suggested that treatment with acetylcholinesterase 
inhibitors may delay nursing home placement by | to 2 years, but this suggestion remains 
controversial. 
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Future Goals of Treatment for Alzheimer Dementia 


Given the pre-eminence of AB toxicity in current models of Alzheimer dementia pathogenesis, a 
growing portfolio of antiamyloid drugs to treat Alzheimer dementia has emerged. For example, 
because aggregation of AB is thought to enhance neurotoxic properties, two AB aggregation 
blockers are currently in clinical trials. Additionally, AB immunization has been shown to 
markedly reduce Alzheimer dementia pathology in animal models. An active immunization trial 
in humans was ended early, however, because of several cases of T-cell-mediated autoimmune 
meningoencephalitis. New immunization strategies have since been developed to reduce the T- 
cell response. In addition, because B-secretase and y-secretase are thought to generate AB, 
another strategy involves inhibiting B- and y-secretases (and stimulating o-secretase). 
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Non-Alzheimer Dementias 


e Vascular Dementia 
e Frontotemporal Lobar Degeneration and Related Asymmetric Cortical Degeneration 


Syndromes 
e Dementia with Lewy Bodies 
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Vascular Dementia 


There are two major types of vascular dementia, the currently preferred term for what was 
previously known as “multi-infarct dementia.” The first type results from infarctions (or 
hemorrhages) in the territory of the large arteries that produce clinically evident strokes, with a 
consequent accrual of deficits; these deficits include classic cortical signs such as aphasia and 
sensorimotor impairment. There is a stepwise process of defined events. 


The second type of vascular dementia results from small-vessel cerebrovascular disease caused 
by arteriolosclerosis or amyloid angiopathy. This form is more common and also more 
diagnostically subtle in that it typically lacks major defined events. Patients may have 
psychomotor slowing, a poor learning curve, and relative preservation of naming and other 
language skills, which reflects a subcortical pathology. Typically, there is no hemiparesis or 
hemianopia, but patients may have mild features of parkinsonism (without the resting tremor). 


Notably, there is a significant association between atherosclerosis of major intracranial arteries 
and Alzheimer dementia. In fact, small-vessel cerebrovascular disease often presents a mixed 
pathologic picture of both vascular dementia and Alzheimer dementia, whether the underlying 
vasculopathy is atherosclerotic or amyloid based. The degree of cognitive impairment, however, 
correlates better with the degree of neurofibrillary than cerebrovascular pathology at autopsy. 
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Risk Factors, Incidence, and Prevalence 


Cognitive decline has been linked to both cardiovascular disease and atherosclerotic risk factors, 
including diabetes mellitus, hypercholesterolemia, and high blood pressure; physical activity, 
such as walking, reduces the risk. Various genetic and nongenetic factors known to increase the 
risk of vascular disease—including APOE and angiotensin-converting enzyme | genotypes, total 
cholesterol level, lipoprotein A, diabetes mellitus, atrial fibrillation, hypertension, serum APOE 
levels, and atherosclerosis—have been evaluated as risk factors for vascular dementia and 
Alzheimer dementia. Improved diabetic control has been associated with a lessening of the risk 
of Alzheimer dementia, and stroke prevention by any means is associated with reduced cognitive 
morbidity. The effect of statin use on the prevention or course modification of Alzheimer 
dementia is still unclear. 


The incidence of vascular dementia ranges from 2.6% to 5.2%, and its prevalence from 11.3% to 
20.1%, depending on the criteria used. In one longitudinal population-based study, among 
patients with MCI who progressed to dementia, 60% progressed to Alzheimer dementia and 33% 
to vascular dementia. Notably, the incidence rate of Alzheimer dementia is higher among 
individuals with prevalent cardiovascular disease (34.4 per 1000 person-years) than among those 


without such disease (22.2 per 1000 person-years), which underscores the correlation between 
vascular dementia and Alzheimer dementia. 
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Management 


Management considerations for vascular dementia are the same as for Alzheimer dementia, 
except that treatment of causes of cerebral infarction and the physical and cognitive disabilities it 
produces also need to be addressed (see Stroke). 
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Frontotemporal Lobar Degeneration and Related 
Asymmetric Cortical Degeneration Syndromes 


e Clinical Description and Diagnostic Findings 


e Pathology 
e Risk Factors 


e Management 
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Clinical Description and Diagnostic Findings 


Frontotemporal lobar degeneration (FTLD) encompasses the three main syndromes of 
progressive nonfluent aphasia, semantic dementia, and frontotemporal dementia (FTD). As with 
all degenerative diseases, symptom onset is insidious and progression gradual over the course of 
several years. 


Progressive nonfluent aphasia is a striking disorder that is often mistaken for a stroke because of 
the obvious speech impairment produced. Semantic dementia might be better considered a form 
of progressive anomia with less obvious clinical impairment; it is best detected with formal 
neuropsychological testing. 


FTD, the best known of the syndromes, is a progressive neuropsychiatric condition. Patients 
initially have behavioral and personality changes that range from apathy to social disinhibition. 
They fail to change their clothes, brush their teeth, pursue their former interests, or initiate many 
of their previous activities that constituted a normal day. They may fixate, in a seemingly 
idiosyncratic fashion, on a particular activity, such as going to the bathroom, sorting through a 


wallet, hoarding magazines, or watching television. Some patients have greater disinhibition and 
emotional lability (crying or laughing inappropriately). 


The syndrome of progressive spasticity or primary lateral sclerosis, although not traditionally 
considered part of the FTLD spectrum, reflects degeneration of the posterior frontal lobe that 
includes the upper motoneurons. Cognitive impairment is mild but can include emotional lability 
and other frontal lobe features. In approximately 10% of patients with FTD and a smaller subset 
of those with progressive nonfluent aphasia, there is concurrent degeneration of lower 
motoneurons due to amyotrophic lateral sclerosis (ALS). 
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Pathology 


Pathologically, FTLD primarily consists of nonspecific degenerative changes, such as lobar 
atrophy, neuronal loss, gliosis, and vacuolation of the neuropil, that predominantly affect the 
superficial cortical laminae. Pick disease is a pathologic subtype of FTLD; Pick bodies (rounded 
cytoplasmic masses) tend to predominate in the most severely atrophic cortical regions and in the 
hippocampi in Pick disease (although similarly appearing cells have been observed in other 
disorders). 


PreviousNext 


Risk Factors 


The major risk factor for any of the FTLD syndromes is a family history of a similar disorder in 
a first-degree relative. This may reflect an autosomal dominant mutation of either the tau or the 
progranulin gene on chromosome 17. A positive family history of dementia with onset before 
age 80 years occurs in 38% of patients with FTD, compared with 15% of controls. (The usual 
age of onset for the FTLD syndromes is closer to 60 years.) There is also an increased risk of 
FTD in patients with ALS. 
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Management 


Management considerations for FTLD are similar to those for Alzheimer dementia, with the 
added caveat that patients presenting with FTD should be monitored for the development of ALS 
(and those with ALS for the development of FTD). For management considerations in ALS, see 
Neuromuscular Disorders. 
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Dementia with Lewy Bodies 


e Clinical Description and Diagnostic Findings 
e Pathology 
e Management 
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Clinical Description and Diagnostic Findings 


Dementia occurs in roughly 40% of patients with Parkinson disease. Although a terminologic 
controversy exists about the distinction between Parkinson disease with dementia and dementia 
with Lewy bodies, clinically (and pathologically) the distinction is not important except to 
highlight that dementia may precede or follow the onset of Parkinson disease. Dementia with 
Lewy bodies is characterized by dementia, parkinsonism, visual hallucinations, REM sleep 
behavior disorder, and a subcortical pattern of dementia that occurs at the onset or within 1 year 
of the onset of parkinsonism. The characteristic cognitive profile of dementia in patients with 
this disease includes impaired learning and memory, psychomotor slowing, constructional 
apraxia, and more profound visuospatial impairment than in similarly staged patients with 
Alzheimer dementia. Patients with dementia with Lewy bodies have greater extrapyramidal 
sensitivity to antipsychotic medications than do those with pure Alzheimer dementia. Mild 
parkinsonism can be an important diagnostic sign of this (and other extrapyramidal) disorder(s). 
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Pathology 


Lewy bodies are intracytoplasmic inclusions composed of a-synuclein (Figure 12). A defining 
feature of Parkinson disease, Lewy bodies are concentrated in the catecholaminergic nuclei of 
the brainstem (substantia nigra, locus ceruleus, and dorsal motor nucleus of the vagus nerve) in 
that disease. In dementia with Lewy bodies, the Lewy bodies are found in these same regions but 
are also spread throughout the amygdala, entorhinal cortex, and neocortex. Most patients with 
this disorder have concomitant neuropathologic features of Alzheimer dementia. 


Figure 12. Photomicrograph of Lewy bodies. 


Substantia nigra neurons with intracytoplasmic inclusions (arrow) of aggregated a-synuclein 
(Lewy bodies). 


Reprinted with permission from Caselli RJ, Beach TG, Sue LI, Connor DJ, Sabbagh MN. 
Progressive aphasia with Lewy bodies. Dement Geriatr Cogn Disord. 2002;14(2):57. [PMID: 


12145451] Copyright 2002 S. Karger AG, Basel. (Photomicrograph courtesy of Dr. Thomas 
Beach.) 
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Management 


Management considerations for dementia with Lewy bodies are similar to those described for 
Alzheimer dementia. Intervention with dopaminergic medications can potentially create or 


worsen psychotic symptoms, particularly visual hallucinations in vulnerable patients. Treatment 
should therefore be reserved for those with clinically significant parkinsonism, especially if 
balance becomes impaired and falls are a threat. Patients with dementia with Lewy bodies pose 
an additional challenge because of the co-occurrence of hallucinations and parkinsonism, as well 
as the controversy surrounding the efficacy and safety of atypical antipsychotic medications. 
Quetiapine has a low risk of producing parkinsonism and, unlike clozapine, is not associated 
with hematologic toxicity. Quetiapine is therefore often used for controlling hallucinations in 
patients with dementia with Lewy bodies who also have parkinsonism. Parkinsonism itself may 
require treatment with dopaminergic medications that may exacerbate hallucinations. REM sleep 
behavior disorder may be mistakenly reported by a caregiver as nocturnal hallucinations and so, 
in this context, be misinterpreted by an examiner as indicating an acute encephalopathy. 
However, careful history taking and examination should preclude this misdiagnosis. 
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Headache and Facial Pain 


Approach to the Patient with Headache 

Role of Imaging 

Migraine 

Tension-Type Headache 

Chronic Daily Headache 

Cluster Headache and Other Trigeminal Autonomic Cephalalgias 


Trigeminal Neuralgia 
Headaches Due to Disorders of Intracranial Pressure or Volume 


Thunderclap Headache 


Key Points 


More than 90% of patients who present with recurrent primary headaches in the 
outpatient setting have migraine. 

Neuroimaging is recommended in patients with headache and unexplained neurologic 
findings, atypical headache features, findings that do not fulfill the definition of migraine, 
and risk factors such as immune deficiency. 

CT of the head is the recommended imaging study in patients with headache suspected of 
having acute subarachnoid hemorrhage or skull fracture; MRI, magnetic resonance 
angiography, or CT angiography is recommended if intracranial causes of headache are 
suspected. 

Occipital-nuchal pain and sinus pain/pressure are common during migraine attacks and 
often lead to a misdiagnosis of tension-type headache or sinus headache. 

Acute treatment of migraine includes migraine-specific medication (triptans, ergot 
derivatives) in patients who have moderate or severe migraine that has not responded 
optimally to nonspecific analgesics (NSAIDs or acetaminophen) 

Level 1 evidence supports the use of valproic acid, topiramate, propranolol, timolol, 
metoprolol, amitriptyline, and Petasites hybridus extract for the preventive drug 
treatment of migraine. 


e Persons with migraines with aura have up to an 8-fold increased risk of ischemic stroke; 
the absolute risk of stroke in migraine with aura is low, with an attributable risk of 18 to 
40 additional ischemic stroke cases per 100,000 women per year, but this risk is tripled 
by smoking and quadrupled by oral contraceptive use. 

e Naproxen, mefenamic acid, frovatriptan, naratriptan, and percutaneous estradiol are 
effective for the short-term prevention of menstrual migraine. 

e Risk factors for chronic daily headache include obesity, a history of more than one 
headache per week, caffeine consumption, and overuse of acute headache medications. 

e Chronic migraine is defined as headaches that occur on more than 15 days per month of 
which at least 8 headache days must meet the diagnosis of migraine without aura and/or 
respond to migraine-specific drugs. 

e Medication overuse headache is defined as more than 15 days per month with a headache 
and more than 10 days of use of acute headache medication per month. 

e Medication overuse headaches due to opioid or combination analgesics are less 
responsive to treatment and are associated with a higher relapse rate after drug 
withdrawal. 

e The trigeminal autonomic cephalalgias are a group of primary headache disorders that 
differ in the duration of each headache episode, the 24-hour frequency of episodes, and 
their response to treatment. 

e Oxygen, subcutaneous sumatriptan, and verapamil are the treatments of choice for cluster 
headache. 

e The pain associated with trigeminal neuralgia is most commonly referred to the second 
and third division of the trigeminal nerve. 

e MRI should be performed in all patients with trigeminal neuralgia to exclude vascular or 
structural compression of the trigeminal nerve. 

e Oxcarbazepine or carbamazepine is the treatment of choice for trigeminal neuralgia. 

e Pachymeningeal thickening and enhancement and evidence of brain sag are the most 
common MRI features of orthostatic headache associated with spontaneous cerebrospinal 
fluid leaks. 

e Headache, pulsatile tinnitus, and transient visual obscurations are the most common 
symptoms of idiopathic intracranial hypertension. 

e A thunderclap headache is a severe and explosive headache that is maximal in intensity at 
or within 60 seconds of onset. 

e All patients with thunderclap headache with normal results on a CT scan and lumbar 
puncture should undergo neurovascular imaging with magnetic resonance or CT 
angiography (or venography). 
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Approach to the Patient with Headache 


The most important aspect of the evaluation of headache is to distinguish between primary and 
secondary headaches. Primary headaches (for example, migraine and tension-type headaches) are 
themselves diseases, whereas secondary headaches (for example, those caused by meningitis or 
giant cell arteritis) reflect an underlying structural, systemic, or infectious disorder. Most patients 


who are evaluated for headache have a primary headache disorder, and more than 90% of these 
patients have a type of migraine. 


Features that suggest a secondary cause include the development of progressively frequent and 
severe headaches within 3 months or the presence of neurologic symptoms, focal or lateralizing 
neurologic signs, papilledema, headaches aggravated or relieved by postural changes, headaches 
precipitated by a Valsalva maneuver (cough, sneeze), systemic symptoms (for example, fever, 
night sweats, weight loss), a history of sudden-onset headache, and onset after age 50 years. 
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Role of Imaging 


The American Academy of Neurology recommends neuroimaging in patients with headache and 
unexplained neurologic findings, atypical headache features, findings that do not fulfill the 
definition of migraine, or some additional risk factor, such as immune deficiency. Findings that 
significantly increase the odds of finding an abnormality on neuroimaging in a patient with 
nonacute headache include a history of rapidly increasing headache frequency, lack of 
coordination, localized neurologic signs or subjective numbness/paresthesia, and headache 
causing awakening from sleep. 


CT of the head is the recommended imaging study in patients suspected of having acute 
subarachnoid hemorrhage or skull fracture. However, noncontrast head CT may miss serious 
intracranial causes of headache, and if these disorders are suspected, MRI of the head, magnetic 
resonance angiography, or CT angiography is recommended (Table 10). 


Table 10. Causes of Headache That Can Be Missed on 
Routine Noncontrast Head CT Scan 


Vascular 
Saccular aneurysms 
Subarachnoid hemorrhage*” 
Acute cerebral infarction 
Arteriovenous malformations”* 
Dural arteriovenous fistula” 
Carotid or vertebral artery dissection® 
Central nervous system vasculitis” 
Reversible cerebral vasoconstriction? 
Cerebral venous and cortical vein thrombosis 
Structural 
Neoplasms (especially in the posterior fossa)? 


Cerebral metastases? 
Meningeal carcinomatosis** 
Pituitary tumor or hemorrhage 
Foramen magnum lesions 
Arnold-Chiari malformations 
Infections and Disorders of Intracranial Pressure 
Paranasal sinusitis 
Meningoencephalitis’ 
Meningitis" 
Cerebrospinal fluid leak (pachymeningeal thickening and enhancement)** 
Idiopathic intracranial hypertension’ 


“Lumbar puncture may be required. 

’Conventional angiography is usually required. 

“Magnetic resonance angiography or CT angiography is usually required. 
“Magnetic resonance venography or CT venography is usually required. 


“Gadolinium-enhanced imaging is usually required. (Lumbar puncture is recommended as the 
diagnostic procedure of choice in patients with suspected acute or chronic meningitis.) 


f i 7 
Lumbar puncture is required. 
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e Clinical Features and Pathophysiology 
e Acute and Rescue Medications 
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e Nonpharmacologic Therapy 


e Migraine, Cardiovascular Disease, and Oral Contraception 
e Treatment of Menstrual Migraine 


e Treatment of Migraine During Pregnancy 
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Clinical Features and Pathophysiology 


The International Classification of Headache Disorders (ICHD) defines migraine as a recurrent 
headache disorder manifesting in attacks lasting 4 to 72 hours. Typical characteristics of 
migraine are unilateral location, pulsating quality, moderate or severe intensity, aggravation by 
routine physical activity, and association with nausea and/or photophobia and phonophobia. The 
ICHD also provides diagnostic criteria for the disorder (Table 11). 


A neurologic aura occurs in up to one third of patients with migraine. The aura consists of such 
visual symptoms as spark photopsias (perceptions of flashes of light), fortification (arcs of 
flashing light that often form a zig-zag pattern), and scotoma (an area of loss of vision 
surrounded by a normal field of vision) in more than 90% of patients. Paresthesia involving the 
hands, arms, and face or expressive or receptive language dysfunction can also occur. The aura 
symptoms usually evolve over 5 minutes, last less than 60 minutes, and are followed within 60 
minutes by a migraine headache. 


Other common symptoms include sensitivity to odors, occipital-nuchal pain, and sinus pain or 
pressure. The latter two symptoms often lead to a misdiagnosis of tension-type and sinus 
headache. In two thirds of patients with migraine with and without aura, the headache is 
preceded by a premonitory phase consisting of various symptoms, such as yawning, 
photophobia, mood alteration, fatigue, or neck stiffness or pain. The headache is then often 
followed by a postdromal phase of fatigue, difficulty concentrating, and sensitivity to movement. 
In up to three fourths of patients, attacks may be precipitated by triggers, such as alcohol, 
physical exertion, menstruation, emotional stress, weather changes, sleep deprivation, hunger, 
high altitude, and air travel. 


Table 11. Diagnostic Criteria for Migraine Without Aura 


A. At least five attacks fulfilling criteria B-D 

B. Headache attacks lasting 4 to 72 hours (untreated or unsuccessfully treated) 
C. Headache has at least two of the following characteristics: 

1. Unilateral location 

2. Pulsating quality 

3. Moderate or severe pain intensity 

4. Aggravation by or causing avoidance of routine physical activity (for example, walking or 
climbing stairs) 

D. During headache at least one of the following: 

1. Nausea and/or vomiting 

2. Photophobia and phonophobia 

E. Not attributed to another disorder 


Data reprinted from Headache Classification Subcommittee of the International Headache 
Society. The International Classification of Headache Disorders: 2nd edition. Cephalalgia. 


2004;24 Suppl 1:24-25. [PMID: 14979299] Copyright 2004 International Headache Society. 
Reprinted with permission from Blackwell Publishing Ltd. 
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Acute and Rescue Medications 


The goals of acute migraine therapy are to achieve rapid and consistent relief of headache within 
2 hours, to prevent recurrence within 48 hours, to restore the patient’s ability to function, to 
minimize side effects and the use of back-up and rescue medications, and to avoid the overuse of 
acute headache medications. 


Acute treatment strategies include administering medication while pain is still mild and 
individualizing therapy by using migraine-specific medication (triptans, ergot derivatives) in 
patients who have moderate or severe migraine that has not responded optimally to nonspecific 
medication (NSAIDs or acetaminophen). If the response to acute therapy is suboptimal, 
combining a nonspecific analgesic with a triptan may enhance the response. In patients who have 
severe and early nausea or vomiting, a nonoral route is preferable (nasal spray, suppository, or 
injection). For severe migraine, a self-administered rescue medication is needed when other 
treatments fail. Rescue medications include opioids, neuroleptic agents, and corticosteroids. 
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Preventive Medications 


Approximately 38% of patients with migraine need preventive treatment, but preventive 
medications are prescribed to only 3% to 13% of such patients. More than 30 therapeutic agents 
or approaches have been evaluated in clinical trials for the preventive treatment of migraine over 
the past two decades. Evidence-based guidelines for the preventive treatment of migraine have 
been developed by the American Academy of Neurology. There is level I evidence (that is, 
evidence from at least two randomized, double-blind, placebo-controlled studies) to support the 
use of eight drugs available in the United States (topiramate, valproic acid [divalproex sodium 
and sodium valproate], amitriptyline, metoprolol, propranolol, timolol, and extract of the plant 
Butterbur root Petasites hybridus) and two nonpharmacologic approaches (relaxation therapy 
and biofeedback). Methysergide is also proven effective for migraine prevention but is no longer 
available in the United States (because it was rarely prescribed, given its adverse events profile). 


The comorbid conditions associated with migraine that affect its management include 
depression, anxiety disorders, epilepsy, and stroke. In patients with depression, a tricyclic 
antidepressant may be a useful preventive medication, whereas in patients with epilepsy, valproic 
acid or topiramate may be useful choices. In patients with hypertension or cardiovascular 


disease, a B-blocker may be appropriate for prevention. However, caution must be exercised not 
to undertreat a comorbid disorder by trying to treat two disorders with one medication. 


The following principles, which are practice-based rather than evidence-based, can facilitate 
successful prevention: 


e Minimize side effects: Start at a low dosage (for example, amitriptyline, 10 mg/d) and 
increase slowly by weekly equivalent dosage increments (amitriptyline, 10 mg/d week 1; 
20 mg/d week 2) until therapeutic effects develop. 

e Set and reach target dosage: Set initial target dosage (for example, amitriptyline, 50 
mg/d), advising patient to stop earlier if partial efficacy or side effects occur. The ceiling 
dosage is reached when desired efficacy occurs or side effects become intolerable. 

e Accumulate efficacy over time: Give each treatment a trial of at least 2 months at the 
target dosage; efficacy may begin within days to weeks, but the full benefit of a drug may 
not be realized until 6 months have elapsed. 

e Set expectations for success and side effects: Success is defined as a 50% reduction in 
frequency of attacks, a significant decrease in their duration, or an improved response to 
acute medication. The most common side effects and rare (but serious) idiosyncratic side 
effects must be reviewed by the physician with the patient. Most side effects are self 
limited and dosage dependent, and patients should be encouraged to tolerate the early 
side effects that may develop when a new medication is started. 

e Select and maximize drug choice: A drug may be selected (such as valproic acid in a 
patient with migraine who also has epilepsy) or avoided (such as a B-blocker in a patient 
with migraine who also has asthma) on the basis of the presence of a comorbid illness. 
The comorbid condition should not be undertreated, however, in an attempt to treat two 
conditions with one drug. 

e Avoid, if at all possible, preventive drugs in pregnant or lactating women: Because 
migraine is most prevalent in women of childbearing age, the potential for adverse fetal 
effects should be discussed with the patient, who should be encouraged to discontinue 
drugs used for prevention if she is trying to become pregnant. Drugs with unequivocal 
teratogenic effects (valproic acid) should be avoided, if possible, in women of 
childbearing age. 

e Discontinue preventive therapy: Therapy should be reevaluated and, if possible, the 
dosage tapered or the therapy discontinued after a sustained period (6 months) of 
remission. 
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Nonpharmacologic Therapy 


Behavioral treatments for patients with migraines include relaxation training, biofeedback 
therapy, and cognitive-behavioral training (stress-management training). Evidence-based 
guidelines for the use of behavioral and physical therapies for the prevention of migraine have 
been developed by the American Academy of Neurology. These modalities are recommended 
especially in certain circumstances, including patient preference; poor tolerance, 


contraindications, or insufficient response to pharmacologic treatments; pregnancy, planned 
pregnancy, or nursing; history of excessive use of acute headache medications; or significant 
stress or deficient stress-coping skills. Physical treatments that have been evaluated include 
acupuncture, cervical manipulation, and mobilization therapy. Acupuncture is probably not 
effective, and there is inadequate evidence to support the use of hypnosis, transcutaneous 
electrical nerve stimulation, chiropractic or osteopathic cervical manipulation, or occlusal 
adjustment (corrections to the bite associated with loose or missing teeth) for prevention of 
migraine. 
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Migraine, Cardiovascular Disease, and Oral Contraception 


Recent evidence from the Women’s Health Study shows an increased risk of ischemic stroke in 
apparently healthy women older than 45 years who have migraine with aura when compared 
with unaffected women. Migraine with aura has been shown to be associated with a 14-fold 
increased risk for silent posterior circulation (cerebellar) infarctions compared with controls. The 
highest risk was in patients with migraine with aura with at least one attack per month. However, 
because the absolute occurrence of ischemic stroke among patients with migraine is rare, the 
absolute risks are low. 


The Women’s Health Study also demonstrated that among 27,840 apparently healthy women, 
migraine with aura was associated with a significantly increased risk for cardiovascular disease, 
myocardial infarction, coronary revascularization, angina, and death from cardiovascular disease 
when compared with women with migraine without aura and women with no history of 
migraine. However, the absolute risk increase was considerably low. Recent findings from the 
Physicians' Health Study in which 20,084 apparently healthy U.S. male physicians were 
followed for a mean of 15.7 years indicate an association between migraine and cardiovascular 
disease, which was driven by a significant increase in the risk of myocardial infarction. 


There is no evidence that therapy with triptans increases the risk for ischemic vascular events in 
patients with migraine with or without aura. However, in patients with existing cardiovascular 
disease or for those at high risk for ischemic vascular events, medication such as triptans and 
ergotamine should be avoided. With regard to primary prevention, there are no data available 
from controlled studies on preventing first strokes in patients with migraines with aura with or 
without additional risk factors for stroke. There is no evidence for the use of low-dose aspirin 
therapy in these patients, especially because of the low attributable risk associated with migraine. 
Some, but not all, studies have suggested that young women who use oral contraceptives are at 
particularly increased risk for ischemic stroke. The World Health Organization recommends that 
women who have migraine without aura and are age 35 years or older and women who have 
migraine with aura at any age should not use combined (estrogen-progestin) oral contraceptives. 
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Treatment of Menstrual Migraine 


Menstrually related migraine is defined as headaches that occur between 2 days before and 2 
days after the onset of menses in at least two of three menstrual cycles and additionally at other 
times in the cycle. The first day of the menstrual cycle is considered day 1, and the day before 
menses is day —1; there is no day 0. Pure menstrual migraine is defined as headache occurring 
exclusively on the day of the onset of menses or the following day in at least two of three 
menstrual cycles and at no other times of the menstrual cycle. 


The treatment of menstrually related migraine and pure menstrual migraine consists of acute 
therapy at the time of the migraine and preventive therapy perimenstrually for several days to 
prevent the migraine. The same treatment goals, principles, and medications used for the acute 
treatment of nonmenstrual migraine apply to the treatment of menstrually related migraine. For 
patients with a suboptimal acute treatment response or whose attacks continue to recur over 
several days despite an initial response to acute medication, short-term migraine prevention may 
be useful. Predictable menstrual periods and a predictable relationship between the onset of 
migraine and menses are important for this strategy to succeed. Treatment usually begins 2 days 
before the onset of menses or 1 day before the expected onset of the migraine in relationship to 
the onset of menses; treatment is continued for 5 to 7 days. Medications that are used and for 
which there is evidence of efficacy include naproxen sodium, mefenamic acid, frovatriptan, 
naratriptan, and percutaneous estradiol. 
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Treatment of Migraine During Pregnancy 


Behavioral management of headache, including relaxation training, biofeedback training, and 
cognitive behavioral therapy, should be recommended as a standard treatment for all women 
with migraine who are pregnant or planning pregnancy. 


Although drug therapy should be avoided during pregnancy, migraine may worsen during the 
first and second trimesters, and pharmacologic therapy is, therefore, unavoidable for some 
women. Intermittent acute treatment may be sufficient, but preventive medications may be 
necessary for women who have severe daily or near-daily migraine. Patients should be informed 
of any known possible treatment-related adverse pregnancy outcome associated with a particular 
medication and told that definitive information about the safe use of many drugs in pregnancy is 
lacking. 


The U.S. Food and Drug Administration (FDA) has five categories of labeling for drug use in 
pregnancy. An alternative rating system is the Teratogen Information System (TERIS), a 
resource based on a thorough review of published clinical and experimental literature. The 
American Academy of Pediatrics (AAP) has also reviewed and categorized drugs for lactating 
women. The FDA and TERIS categories and the AAP lactation ratings for drugs used for acute 
treatment and prophylaxis for migraine are shown in Table 12. 


Table 12. FDA and TERIS Pregnancy Ratings and AAP 
Lactation Ratings of Commonly Used Acute and 
Prophylactic Migraine Drugs 


Acute Medication 


Acetaminophen B 
Aspirin Cc 
Caffeine B 
Ibuprofen B” 
Ketorolac C° 
Naproxen B” 
Ergotamine X 
Dihydroergotamine X 
Almotriptan C 
Eletriptan C 
Frovatriptan C 
Naratriptan C 
Sumatriptan C 
Rizatriptan C 
Zolmitriptan C 
Butorphanol BS 
Codeine G 
Propoxyphene Cc 
Prednisone C 
Dexamethasone C 
Butalbital C 
Metoclopramide B 
Prochlorperazine C 


FDA Pregnancy Rating Categories® 


Simple Analgesics 


NSAIDs 


Ergots 


Triptans 


Opioids 


Others 


Neuroleptics and antiemetics 


TERIS 


Unl 


AAP Lactation 
Rating 


Caution 
Compatible 
Compatible 


Compatible 
Compatible 
Compatible 


Contraindicated 
Contraindicated 


Probably compatible 
Probably compatible 
Compatible 

Probably compatible 
Compatible 

Probably compatible 
Probably compatible 


Compatible 
Compatible 
Compatible 


Compatible 


Compatible 
Caution 


Concern 
Concern 


(D if third trimester; D° if prolonged or at 


term) 
Anticonvulsants 
Gabapentin C U Probably compatible 
Valproic acid D Mod Compatible 
Topiramate C U Caution 
Lamotrigine C Min —S Concern 
Antihypertensive Medications 
Atenolol D U Caution 
Metoprolol C U Compatible 
Nadolol c U Compatible 
Propranolol c° U Compatible 
Timolol Cc U Compatible 
Verapamil C U Compatible 
Antidepressants 
Amitriptyline C Unl Concern 
Nortriptyline C U Concern 
Fluoxetine C Unl Concern 
Venlafaxine C Unl Concern 
Others 

Magnesium sulfate B Unl Compatible 
Melatonin C U Probably compatible 
Riboflavin AS U Compatible 


AAP = American Academy of Pediatrics; FDA = U.S. Food and Drug Administration; Min = 
minimal; Min — S = minimal — small; N = none; N — Min = none — minimal; TERIS, Teratogen 
Information System; U = undetermined; Unl = unlikely. 


“FDA risk categories for drugs used during pregnancy: Category A, controlled human studies 
show no risk; Category B, no evidence of risk in humans but there are no controlled human stud- 
ies; Category C, risk to humans has not been ruled out; Category D, positive evidence of risk to 
humans from human and/or animal studies; Category X, contraindicated for use in pregnancy. 


>Second or third trimester. 


“If dosage is above recommended daily allowance. 
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Acute Treatment 


Initial attempts to treat mild or moderate attacks should emphasize rest, icing of the painful area, 
relaxation strategies, and other nonpharmacologic methods. For moderate or severe headaches 
that do not respond, acute medications are often necessary. The choice of drug depends on the 
stage of pregnancy. 


Acetaminophen (alone or with an opioid) or opioids alone can be used throughout pregnancy. 
Opioid use should be intermittent and limited to avoid dependence in the mother and withdrawal 
symptoms in the newborn. Metoclopramide, chlorpromazine, prochlorperazine, and 
promethazine are available orally, parenterally, and by suppository and can all be used safely 
throughout pregnancy. Most NSAIDs may be taken safely for pain during the first trimester of 
pregnancy. 


Evidence from the prospective sumatriptan pregnancy registry and other complementary sources 
of information shows no sign of teratogenicity with first-trimester exposure to the drug, but the 
number of pregnancies studied is too small to exclude with confidence an associated increased 
risk for common birth defects or a modest increase in risk for rare birth defects. 


PreviousNext 


Preventive Therapy 


The threshold for initiating preventive treatment should be higher in the pregnant patient with 
migraine, and such therapy is usually not implemented unless the patient has at least two severe 
episodes per week. If possible, treatment should be delayed until the second trimester when the 
fetus’s major organ systems have formed and the risk of adverse effects is probably less. 


Valproic acid is a known teratogen. First-trimester exposure to this drug is associated with neural 
tube defects in approximately 17% of exposed fetuses. Its use should be avoided in women who 
are planning to become pregnant and during the first trimester of pregnancy. 
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Tension-Type Headache 


Tension-type headache is a dull, bilateral, or diffuse headache, often described as a pressure or 
squeezing sensation of mild to moderate intensity. It has no accompanying migraine features 
(nausea, emesis, photophobia, phonophobia), and its pain is not worsened with movement and 
does not prohibit activity. In patients with a new headache at presentation, especially patients 
older than 50 years, tension-type headache should be considered a diagnosis of exclusion 
because it is the type of headache most frequently mimicked by brain tumors and other organic 
causes. 


PreviousNext 


Chronic Daily Headache 


Chronic daily headache is a nonspecific term that refers to both primary (including migraine) and 
secondary headache disorders in which headache is present on more than 15 days per month for 
at least 3 months. Risk factors for chronic daily headache include obesity, a history of frequent 
headache (more than 1 per week), caffeine consumption, and overuse (>10 days per month) of 
acute headache medications, including analgesics, ergots, triptans, and opioids. In addition, more 
than half of all patients with chronic daily headache have sleep disturbance and mood disorders, 
such as depression and anxiety. 


The clinical features of the common disorders causing chronic daily headache are shown in 
Table 13. These disorders are classified (on the basis of the usual length of each headache 
episode) as long-lasting (4 hours or longer) and short-lasting (less than 4 hours) disorders. 
Chronic migraine and medication overuse headache overwhelmingly represent the most common 
and challenging of the chronic daily headache disorders in clinical practice. 


Chronic migraine (previously referred to as transformed migraine) is defined as headaches that 
occur on more than 15 days per month of which at least 8 headache days must meet the diagnosis 
of migraine without aura and/or respond to migraine-specific drugs (ergots or triptans). In 
general, patients with chronic migraine have headache 20 to 25 days per month, and almost all 
headaches meet the ICHD criteria for migraine without aura. The diagnoses of chronic migraine 
and medication overuse headache can be missed because patients may report only their most 
severe headaches. In addition, they may not report use of over-the-counter analgesics for 
headache that they do not consider to be migraine. Therefore, patients with migraine should be 
asked how many days in an average month they have a headache of any type and how many days 
in an average month they use any acute medication for headache. 


Medication overuse headache (previously referred to as rebound headache) is defined as daily or 
near-daily headache (at least 15 days per month) that occurs in patients with a primary headache 
disorder who frequently and regularly use symptomatic or acute medications, often in excessive 
amounts. Overuse is defined as the use of acute headache medications on more than 10 days per 
month (more than 15 days for simple analgesics, such as acetaminophen, or the use of two or 
more acute medications [for example, 7 days of a triptan and 9 days of a simple analgesic 
agent]). The most frequently overused acute headache medications include analgesics, opioids, 
ergotamine, and triptans. Patients who overuse triptans develop overuse headache faster but 
respond more quickly and more completely to withdrawal than do patients who overuse opioids 
or combination analgesics, especially those that contain butalbital, caffeine, and acetaminophen. 
Moreover, the relapse rate in patients who overuse triptans is significantly lower than that of 
patients overusing opioids and combination analgesics. 


Patients with migraine, especially those with several attacks per month, should be cautioned 
about the risk of medication overuse headache and advised to limit acute medication use to no 
more than 2 days per week. Although it is often difficult to be certain whether the overuse of 


acute headache medication is the cause or the consequence of the daily headache disorder, 
accurate diagnosis and management require the withdrawal of overused headache medications in 


all patients. 


Medication overuse headache and chronic migraine are managed similarly, with the obvious 
exception of the need to discontinue the overuse of acute medications in medication overuse 
headache (Table 14). Most patients can be managed as outpatients, except for those in whom the 
overuse of opioids or butalbital-containing analgesics is excessive, which makes outpatient 
withdrawal unsafe because of the risk of withdrawal syndromes and seizures. Patients in this 
population should, in general, be referred to a headache medicine specialist. 


Table 13. Primary Chronic Daily Headache Disorders 


Disorder 


Chronic 
migraine 


Chronic 
tension-type 
headache 
New daily 
persistent 
headache 


Hemicrania 
continua 


Cluster 
headache 


Hypnic 
headache 


Paroxysmal 
hemicrania 


SUNCT 
syndrome 


Clinical Features 


Migraine with or without aura on >15 days per month 
for >3 months 


Mild to moderate severity; no migraine symptoms; 
bilateral 


Bilateral, persistent, moderately severe; may be 
preceded by viral infection; may resemble migraine or 
tension-type headache 


Rare, unilaterally constant exacerbations of severe 
headache, cranial autonomic symptoms, and “‘ice-pick” 
pain; completely responsive to indomethacin 


Cluster periods of 4-8 weeks, 1-3 times per year; daily 
headaches, frequently nocturnal, occurring 1-8 times 
per day, each lasting about 1 hour on average; 
extremely severe, mostly periorbital/temporal, and 
associated with motor restlessness and autonomic 
symptoms (tearing, rhinorrhea) 

Occurs daily but only during sleep; moderately severe; 
often bilateral; lasts about 1 hour; not associated with 
autonomic symptoms 


Headaches identical to cluster headache except that 
attacks occur more frequently (>5 and up to 24 per 
day) and are shorter in duration (8-25 min); usually 
completely responsive to indomethacin 

Headaches resemble cluster and paroxysmal 
hemicranias except that attacks occur more frequently 
(30-100 per day) and are much shorter in duration (20- 


Recommended 
Treatments 


Approved medications for 
episodic migraine 
(propranolol, topiramate, 
valproic acid) 


Amitriptyline 


Amitriptyline 


Indomethacin 


Verapamil, prednisone, 
gabapentin; acute: 
sumatriptan by NS or SC 
injection; zolmitriptan by 
NS; 100% oxygen 


Caffeine; lithium; 
indomethacin 


Indomethacin 


Lamotrigine, gabapentin, 
topiramate, 
carbamazepine 


120 seconds). These headaches may be mistaken for 
trigeminal neuralgia except that patients have strictly 
periorbital (cranial nerve V1) pain and cranial 
autonomic symptoms. 


Note: Secondary causes require careful consideration and exclusion. These include medication 
overuse headache, cervicogenic headache, intracranial hypertension or hypotension, intracranial 
infection (meningitis or sinusitis), space-occupying lesions, posttraumatic headache, arterial 
dissection, venous sinus thrombosis, and giant-cell arteritis. 


NS = nasal spray; SC = subcutaneous; SUNCT = short lasting unilateral neuralgiform pain with 
conjunctival injection and tearing. 


Source: Dodick DW. Clinical practice. Chronic daily headache [erratum in N Engl J Med. 
2006;354(8):884]. N Engl J Med. 2006;354(2):160. [PMID: 16407511] 


Table 14. Treatment of Chronic Migraine and Medication 
Overuse Headache 


Education, support, and close follow-up for 8 to 12 weeks 


Lifestyle modifications (quitting smoking, eliminating caffeine, exercising, eating regular meals, 
and establishing a regular sleep schedule) 


Behavioral therapy (relaxation therapy, biofeedback, cognitive behavioral therapy) 
Abrupt withdrawal of overused medications for acute headache, except barbiturates or opioids? 


Standard acute headache treatment (for moderate or severe headache; such therapy is generally 
not associated with medication overuse headache) 


NSAIDs (such as naproxen sodium, 550 mg) 

Dihydroergotamine (1 mg intranasally, subcutaneously, or intramuscularly) 
Antiemetics (metoclopramide, 10-20 mg; prochlorperazine, 10 mg) 
Preventive therapy 

Topiramate, 50-100 mg twice daily 

Valproic acid, 250-500 mg twice daily 

Amitriptyline, 50-100 mg at bedtime 


“For butalbital overuse, taper the drug over a period of 2 to 4 weeks; if there is concern about the 
possibility of withdrawal syndrome, provide a tapering course of phenobarbital (30 mg twice 
daily for 2 weeks, followed by 15 mg twice daily for 2 weeks). For opioid overuse, taper the 
drug over a period of 2 to 4 weeks; if there is concern about the possibility of withdrawal 
syndrome, provide clonidine (transdermal therapeutic system patch for 1 to 2 weeks). 


Source: Dodick DW. Clinical practice. Chronic daily headache [erratum in N Engl J Med. 
2006;354(8):884]. N Engl J Med. 2006;354(2):163. [PMID: 16407511] 
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Cluster Headache and Other Trigeminal Autonomic 
Cephalalgias 


The trigeminal autonomic cephalalgias are a group of primary headache disorders characterized 
by excruciating unilateral headache that occurs in association with prominent cranial autonomic 
features such as lacrimation, nasal congestion, rhinorrhea, and conjunctival injection. These 
disorders include cluster headache, paroxysmal hemicrania, and Short-lasting Unilateral 
Neuralgiform headache attacks with Conjunctival injection and Tearing (SUNCT) syndrome. 


The trigeminal autonomic cephalalgias differ in duration and frequency of episodes and in their 
response to therapy. Cluster headache lasts longest (mean duration, 1 hour), has relatively low 
episode frequency (one to three per day), and responds best to verapamil. Paroxysmal hemicrania 
has an intermediate duration (mean, 15 minutes), has an intermediate episode frequency (mean, 
11 per day), and responds best to indomethacin. SUNCT syndrome has the shortest duration 
(mean, 60 seconds), has the highest frequency (30 to 200 per day), and may respond best to 
lamotrigine (although controlled trials are lacking). It is important to recognize these syndromes 
because of their highly selective response to treatment. 


Cluster headache is the most common trigeminal cephalalgia and is three times more common in 
men than in women. Guidelines for the treatment of cluster headache and other trigeminal 
autonomic cephalalgias have been recently developed (Table 15). 


Treatment usually consists of a transitional therapy for 1 or 2 weeks to rapidly suppress episodes 
and preventive treatment, which may take | to 2 weeks to become effective but is then usually 
maintained for at least 2 weeks beyond the usual duration of a cluster episode. Cluster episodes 
usually last 6 to 8 weeks and remission periods usually last 2 to 6 months, but the duration of 
episodes and remission varies greatly among patients. In patients with chronic cluster headache, 
which occurs in up to 20% of patients, remission does not last more than 1 month. Typically, a 
brief course of oral corticosteroids (1 to 3 weeks) or an occipital nerve block is started in 
conjunction with verapamil as the preventive drug of choice. Oxygen delivered by face mask at 7 
to 15 L/min or subcutaneous sumatriptan are first-line acute treatments for breakthrough attacks. 


Table 15. Treatment Guidelines for the Trigeminal 
Autonomic Cephalalgias 


Treatment of Choice 
Therapy Cluster Headache Paroxysmal Hemicrania SUNCT Syndrome 
Acute 100% oxygen, 15 L/min (A) None None 


Sumatriptan, 6 mg subcutaneously (A) 
Sumatriptan, 20 mg nasally (A) 
Zolmitriptan, 5 mg nasally (A/B) 
Zolmitriptan, 10 mg nasally (A/B) 
Zolmitriptan, 5 mg orally (B) 
Zolmitriptan, 10 mg orally (B) 


Lidocaine intranasally (B) 


Octreotide (B) 
Preventive Verapamil (A) Indomethacin (A) Lamotrigine (C) 
Corticosteroids (A) Verapamil (C) 
Lithium carbonate (B) NSAIDs (C) 
Methysergide (B) 


Topiramate (B) 
Ergotamine tartrate (B) 
Valproic acid (C) 
Melatonin (C) 


Baclofen (C) 


A = effective; B = probably effective; C = possibly effective; SUNCT = short lasting unilateral 
neuralgiform pain with conjunctival injection and tearing. 
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Trigeminal Neuralgia 


Trigeminal neuralgia is a unilateral condition characterized by brief episodes of lancinating pain 
in the distribution of one or more divisions of the trigeminal nerve, invariably V2 and/or V3. The 
pain is excruciating and often described as sudden, sharp, superficial, and stabbing or burning in 


quality. The pain is paroxysmal and usually lasts 2 to 3 seconds and may occur in volleys of jabs 
or stabs of pain. The paroxysms are often punctuated by pain-free periods lasting seconds to 
hours. Characteristically, the painful episodes are associated with trigger zones, particularly 
around the mouth and nostrils, and the pain may be triggered by trivial stimuli, such as wind on 
the face, brushing the teeth, shaving, chewing, or even talking. 


Although most cases are idiopathic, there are features that may suggest a secondary cause. Pain 
that spreads to involve the ear, occiput, neck, or chest is likely the result of another cause. 
Bilateral pain is invariably associated with a secondary cause, such as nasopharyngeal 
carcinoma, leptomeningeal carcinomatosis, brainstem lesion, or connective tissue disease (such 
as SjOgren syndrome). Although a dull aching discomfort may persist for several hours following 
an especially long or intense episode of pain, suspicion of a secondary cause should arise when 
chronic continuous pain is present or when sensory symptoms, such as paresthesia or numbness, 
are present. Because more than 90% of patients present after age 40 years, a diagnosis in a 
younger patient should prompt an extensive evaluation for secondary causes, such as multiple 
sclerosis, posterior fossa tumors, and vascular or aneurysmal compression of the trigeminal 
nerve. 


Up to 10% of patients with trigeminal neuralgia may harbor an intracranial lesion; therefore, an 
MRI should be obtained for every patient with trigeminal neuralgia, even those who respond to 
medication and whose examination findings are normal. 


Spontaneous remissions are the rule in trigeminal neuralgia. More than 50% of affected patients 
have a remission of at least 6 months. Therefore, after approximately 8 weeks of successful 
therapy with complete remission of pain, a slow drug taper over a similar time period may be 
considered. 


All medications should be started at a low dosage and titrated slowly until the desired effect is 
achieved or dose-limiting side effects occur. Monotherapy is a treatment goal, but in some 
patients, combination therapy with two drugs used in smaller dosages may be more effective and 
better tolerated. The drug of first choice is carbamazepine or oxcarbazepine, but caution must be 
exercised in the use of these drugs in patients of Asian origin. Oxcarbazepine may be preferred 
because carbamazepine may cause hematologic and hepatic toxicity, although both drugs may 
cause symptomatic hyponatremia. Serum sodium concentration should be monitored during 
treatment with either of these medications. Other potentially useful medications include 
gabapentin, clonazepam, lamotrigine, baclofen, valproic acid, and phenytoin. 


Approximately 30% of patients with trigeminal neuralgia do not respond to medical therapy and 
may require a surgical or ablative procedure. Microvascular decompression is the definitive 
procedure for idiopathic trigeminal neuralgia, but it is often reserved for intractable cases 
because of the need for a craniotomy. MRI of the head with high-resolution images of the 
posterior fossa obtained to evaluate for vascular compression of the trigeminal nerve is 
recommended before surgery. The procedure involves an occipital craniotomy and separation of 
the trigeminal nerve from a juxtaposed or adherent vessel using a synthetic material. The success 
rate is approximately 90%. Other procedures involve ablation of the trigeminal nerve or root 
with either radiation (gamma knife) or a percutaneous radiofrequency lesion; balloon 


compression; or glycerol injection of the trigeminal ganglion at the skull base. Each procedure 
has similar long-term success rates (60% to 85%), but facial sensory loss may occur; corneal 
anesthesia, anesthesia dolorosa (severe spontaneous pain occurring in an anesthetic zone), 
dysesthesias, and masseter muscle weakness can also occur. 
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Headaches Due to Disorders of Intracranial Pressure or 
Volume 


e Orthostatic Headache 
e Idiopathic Intracranial Hypertension (Pseudotumor Cerebri) 
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Orthostatic Headache 


Spontaneous leak of cerebrospinal fluid (CSF) may cause orthostatic headache, which mimics 
the headache that occurs after a traumatic lumbar puncture. Many patients report a history of 
trivial trauma, which might have started a leak, especially in patients with an inherited 
connective tissue disorder or weakened and attenuated dura or meningeal diverticula. 


Headache is the main clinical feature of a CSF leak. It is typically an orthostatic headache that is 
present when the patient is upright and relieved when the patient is supine. In some patients, the 
orthostatic features may diminish over weeks or months, and the headache may become chronic, 
daily, and continuous. Muffled hearing is common, and some patients may experience cranial 
nerve palsies, stupor, encephalopathy, parkinsonism, ataxia, and bulbar weakness, most likely 
due to sagging of the brain within the cranial vault. 


Although most patients with CSF leak have reduced pressure on lumbar puncture, the opening 
pressure may be normal in up to one third of these patients. The CSF protein concentration is 
often normal or less than 100 mg/dL (1000 mg/L), but it may be as high as 1000 mg/dL (10,000 
mg/L). The erythrocyte and leukocyte counts may be normal or as high as 200/uL (200 x 10°/L). 
An MRI with gadolinium may show diffuse, homogeneous, pachymeningeal thickening and 
enhancement; engorgement of the dural venous sinuses; enlargement and enhancement of the 
pituitary gland; and evidence of “brain sag,” including subdural fluid collections, buckling of the 
optic chiasm, compression of the midbrain, crowding of the posterior fossa, and descent of the 
cerebellar tonsils, mimicking a Chiari malformation (Figure 13). In patients in whom the 
disorder is suspected but the imaging and CSF findings are absent, indium-111—labeled isotope 
cisternography may show the presence of a leak. CT myelography is the most sensitive 
diagnostic test for determining the location of the leak. 


Conservative treatment, including bed rest and hydration, is effective for many patients. If 
symptoms persist, an autologous epidural blood patch is the treatment of choice, which involves 
withdrawing a 15- to 40-mL sample of the patient’s own blood, inserting a spinal needle into the 
epidural space, and injecting the blood slowly over minutes because some patients may develop 
radicular or back pain with more rapid injections. In the few patients who do not respond to the 
first epidural blood patch, a second blood patch is usually effective. Some patients may require 
up to six blood patches before complete relief is obtained. Autologous blood patches may be 
effective when delivered at the lumbar epidural space, even when the leak is at the level of the 
thoracic or cervical spine. In unusually refractory cases, an autologous blood patch and/or CT- 
guided injections of fibrin glue at the site of the leak may be effective. In rare cases, open 
surgical repair may be necessary. 


Figure 13. Coronal gadolinium-enhanced MRI of the brain. 


Coronal T1-weighted MRI with gadolinium showing the smooth and continuous enhancement of 
the dura mater over the supratentorial pachymeninges (A arrow) and tentorium cerebelli (B 
arrow) in a patient with low cerebrospinal fluid (CSF) pressure secondary to a spinal CSF leak. 
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Idiopathic Intracranial Hypertension (Pseudotumor 
Cerebri) 


Idiopathic intracranial hypertension is primarily a disorder of young obese women. The 
diagnosis rests on documenting elevated CSF opening pressure (>250 mm H20) during lumbar 
puncture measured in the lateral decubitus position, normal CSF composition, and normal mental 
status, as well as on evidence from MRI and venography of the brain and dural venous sinuses. 
Other factors associated with increased intracranial pressure include systemic retinoid therapy, 
tetracyclines, a subdermal implant of levonorgestrel (Norplant®), corticosteroid withdrawal, 
human growth hormone, cerebral venous sinus thrombosis, mastoiditis, Behçet disease, renal 
failure, and obstructive sleep apnea. Intracranial hypertension may develop during pregnancy, 
although pregnancy is not an independent risk factor for the disorder. The onset of idiopathic 
intracranial hypertension in the peripartum period or after fetal loss should prompt an evaluation 
for cerebral venous sinus thrombosis. 


The most common presenting symptom of idiopathic intracranial hypertension is headache, 
which occurs in more than 90% of patients. Photophobia, blurred vision, diplopia, and visual 
field loss commonly accompany the headache. Transient visual obscurations are also common 
and are described as partial or complete episodes of visual loss lasting seconds to minutes, are 
often precipitated by rising from a stooped position or rolling the eyes, and reflect brief episodes 
of optic nerve head ischemia caused by papilledema. Visual loss may be acute and dramatic, 
leading to profound visual loss or blindness. Pulsatile tinnitus occurs in 60% of patients and is 
often described as “hearing my heartbeat in my head” or a whooshing sound in one or both ears. 
The hallmark of idiopathic intracranial hypertension is papilledema that may be asymmetric and, 
rarely, unilateral. Mild papilledema may be difficult to discern with the direct ophthalmoscope; 
stereoscopic viewing with indirect ophthalmoscopy or slit lamp bimicroscopy is helpful to detect 
subtle disc edema. 


The treatment of idiopathic intracranial hypertension is generally coordinated by a neurologist 
(or neuro-ophthalmologist) and an ophthalmologist. The goals of treatment are to preserve vision 
and to alleviate symptoms. All treatment recommendations are based on case series and clinical 
experience. Asymptomatic patients with mild papilledema may be followed closely without 
specific treatment. Weight loss is generally advised for obese patients but is not always 
successful in reducing intracranial pressure or alleviating symptoms. Acetazolamide is the most 
common medication used; side effects include paresthesias, taste perversion, somnolence, and 
depression. Rare but serious side effects are hypersensitivity reaction, renal stones, and aplastic 


anemia. Furosemide therapy may also lower intracranial pressure, but the patient must be 
monitored to prevent dehydration and hypokalemia. Topiramate, which is commonly used for 
migraine prevention, is associated with weight loss and may be useful as treatment of idiopathic 
intracranial hypertension, especially because migraine and tension-type headaches commonly 
occur in such patients. Corticosteroid therapy should be avoided because it causes weight gain 
and fluid retention and may cause rebound intracranial hypertension as therapy is withdrawn. 


Surgery may be indicated when severe optic neuropathy is present early in the course of the 
illness, when there is rapid deterioration of vision, or when other forms of therapy fail to prevent 
visual loss. Surgery is not recommended for the treatment of headaches alone. Optic nerve sheath 
fenestration generally stabilizes or improves vision and sometimes relieves headaches; risks 
include transient or permanent visual loss, diplopia, and infection. Shunts (ventriculoperitoneal 
or lumboperitoneal) lower intracranial pressure and may spare vision and relieve headache, but 
they have a very high failure rate, with over half of patients ultimately requiring one or more 
revisions. Other complications of shunting include low CSF pressure, infection, obstruction, and 
migration of the shunt catheter. Patients with a sudden decline in vision often have an ischemic 
component to their visual loss and may fail to improve even after aggressive medical and 
surgical intervention. 
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Thunderclap Headache 


A thunderclap headache is a severe and explosive headache that is maximal in intensity at or 
within 60 seconds of onset. Every thunderclap headache must be immediately evaluated to detect 
potentially catastrophic conditions, especially subarachnoid hemorrhage. An underlying disorder, 
most commonly vascular, is detected in 30% to 80% of patients. Thunderclap headache may 
occur in isolation, may be recurrent over days to weeks, and may begin spontaneously or be 
triggered by Valsalva maneuvers, physical effort, or sexual intercourse. 


CT of the head without enhancement is the most sensitive test for subarachnoid hemorrhage. A 
lumbar puncture is necessary if CT scan results are normal. If results of both the CT scan and 
lumbar puncture are normal, the patient still requires urgent investigation for other serious 
neurologic causes of thunderclap headache, including cerebral venous sinus thrombosis, arterial 
dissection, unruptured intracranial aneurysm, and reversible cerebral vasoconstriction. Therefore, 
neurovascular imaging is indicated in these patients and should include magnetic resonance or 
CT angiography (or venography). If all investigations are negative, the patient may have primary 
(idiopathic) thunderclap headache or another primary headache disorder, such as primary sexual 
headache. 


Bibliography 


e Boes CJ, Swanson JW. Paroxysmal hemicrania, SUNCT, and hemicrania continua. 
Semin Neurol. 2006;26(2):260-270. [PMID: 16628536]. See PubMed 


Dodick DW. Clinical practice. Chronic daily headache [erratum in N Engl J Med. 
2006;354(8):884]. N Engl J Med. 2006;354(2):158-165. [PMID:16407511]. See PubMed 
Headache Classification Subcommittee of the International Headache Society. The 
International Classification of Headache Disorders: 2nd edition. Cephalalgia. 2004(24 
Suppl 1):9-160. [PMID:14979299]. See PubMed 

Kurth T, Slomke MA, Kase CS, et al. Migraine, headache, and the risk of stroke in 
women: a prospective study. Neurology. 2005; 64(6):1020-1026. [PMID:15781820]. See 
PubMed 

May A, Leone M, Afra J, et al. EFNS guidelines on the treatment of cluster headache and 
other trigeminal-autonomic cephalalgias. Eur J Neurol. 2006; 13(10):1066-1077. 

[PMID: 16987158]. See PubMed 

Practice parameter: the utility of neuroimaging in the evaluation of headache in patients 
with normal neurologic examinations (summary statement). Report of the Quality 
Standards Subcommittee of the American Academy of Neurology. Neurology. 
1994;44(7):1353-1354. [PMID:8035948]. See PubMed 

Schwedt TJ, Matharu MS, Dodick DW. Thunderclap headache. Lancet Neurol. 
2006;5(7):62 1-631. [PMID:16781992]. See PubMed 


PreviousNext 


Head Injury 


Concussive Head Injury 
Subdural Hematomas 


Imaging in Traumatic Brain Injury 
Concussive Head Injury and Traumatic Brain Injury in an Elderly Population 


Concussive Head Injury and Traumatic Brain Injury in the Military 


Key Points 


All athletes with a grade-2 or grade-3 concussion should not return to play during the 
sporting event. 

For athletes with a grade-2 or grade-3 concussion, the American Academy of Neurology 
recommends a neurologic evaluation and a minimum of 1 week away from competitive 
play. 

For athletes with a grade-2 or grade-3 concussion, the American College of Sports 
Medicine states that return to play on the same day is contraindicated if any loss of 
consciousness, posttraumatic amnesia, or retrograde amnesia has occurred. 

All patients with traumatic head injury who have a hemorrhagic diathesis or are on 
anticoagulation should undergo noncontrast CT of the head. 

Noncontrast CT head imaging should be performed in persons who experience traumatic 
head injury if they have a persistent headache (>72 hours); if there is a change in their 
level of consciousness, awareness, or behavior; or if focal or lateralizing neurologic 
symptoms or signs develop. 
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Concussive Head Injury 


A concussion is a trauma-induced alteration in mental status that is sometimes associated with a 
loss of consciousness. Confusion and amnesia, the hallmarks of concussion, can occur 
immediately after a blow to the head or several minutes later. The most frequently observed 
symptoms of patients with concussion are listed in Table 16. 


Table 16. Symptoms of Concussion 


Onset of Concussion Symptoms After Injury 


Early (Minutes and Hours Later) Late (Days to Weeks Later) 
Headache Persistent low-grade headache 
Dizziness or vertigo Light-headedness 
Lack of awareness of surroundings Poor attention and concentration 
Nausea or vomiting Memory dysfunction 

Easy fatigability 


Irritability and low tolerance of frustration 
Intolerance of bright lights or difficulty 
focusing vision 

Intolerance of loud noises, sometimes with 
ringing in the ears 

Anxiety and/or depressed mood 

Sleep disturbance 
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Grades of Concussion 


Because internists may frequently encounter symptoms of concussive head injury in patients (for 
example, in young athletes), they must be able to determine the seriousness of the injury. The 
usefulness of a grading scale to determine concussion severity has been well established in sports 
medicine, and several groups have developed guidelines. For example, the American Academy 
of Neurology has established a practice parameter for the management of concussion in sports 
that uses the following grading scale: 


e Grade 1: The most common yet most difficult form of concussion to recognize. An 
affected athlete is not rendered unconscious and has only momentary confusion (for 
example, inattention, poor concentration, or an inability to process information or 
sequence tasks) or mental status alterations (colloquially referred to as having been 
“dinged” or having one’s “bell rung”). 

e Grade 2: No loss of consciousness, but an affected athlete experiences symptoms or 
exhibits signs of concussion or mental status abnormalities (such as poor concentration or 
posttraumatic amnesia) on examination that last longer than 15 minutes. Any persistent 
grade-2 symptoms (lasting longer than | hour) warrant medical observation. 

e Grade 3: Any loss of consciousness, either brief (seconds) or prolonged (minutes). 


Although originally designed for subjects with sports-related injuries, this scale can and is used 
to grade all concussive head injuries, regardless of how the trauma occurred. 
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Returning to Play or Work in Patients with Concussive 
Head Injury 


There is general agreement that all athletes who sustain a concussion, regardless of grade, require 
an on-site evaluation and should not return to play during the sporting event. The American 
Academy of Neurology further states that all athletes with grade-2 or grade-3 concussions also 
require a neurologic evaluation and recommends a period away from competitive play for a 
minimum of 1 week. Multidisciplinary consensus recommendations from the American College 
of Sports Medicine similarly indicate that the athlete be asymptomatic at rest before resuming 
any exertional activity and complete a progressive aerobic and resistance exercise challenge 
before full return to play; return to play on the same day is contraindicated if any loss of 
consciousness, posttraumatic amnesia, or retrograde amnesia has occurred. Although some 
controversy and a lack of evidence exist about same-day return to play in athletes with lesser- 
severity grade-2 injuries whose symptoms have fully resolved or are persistently mild, the 
American College of Sports Medicine indicates that the duration and severity of symptoms are 
the determining factors and that the safest course of action is to disallow same-day return to play 
when in doubt about subjects with a grade-2 concussion. 


Guidelines for determining when an athlete may return to play after a concussive headache injury 
are based on the grade of the concussion (Table 17). These guidelines should be closely 
followed in practice and can be applied in nonathletes as return-to-work recommendations, 
especially because one of the most frequent and disabling symptoms after a concussive head 
injury is cognitive impairment. 


Table 17. American Academy of Neurology Guidelines on 
When to Return to Play or Work After a Concussion 


Grade of Concussion Time Until Return to Play or Work’ 


Single or multiple grade-1 concussions 1 week 
Grade-2 concussion 1 week 
Multiple grade-2 concussions 2 weeks 
Grade-3 concussion with brief (seconds) 1 week 


loss of consciousness 


Grade-3 concussion with prolonged 2 weeks 
(minutes) loss of consciousness 


Multiple grade-3 concussions 1 month or longer, based on the clinical 
determination of the evaluating physician 


“Only if asymptomatic, with a normal neurologic assessment at rest and with exercise. 
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Subdural Hematomas 


Acute subdural hematomas usually occur after severe, high-impact head trauma and may be 
associated with contusions of adjacent brain tissue. At presentation, patients with subdural 
hematomas typically have symptoms of headache, an altered level of awareness or 
consciousness, and/or focal neurologic symptoms and signs, which may be transient or 
persistent. Neurosurgical consultation should be available in the event of an acute intracranial 
hemorrhage. 


Chronic subdural hematomas may occur as a result of the gradual accumulation of liquefied 
hematoma over weeks or months. Chronic subdural hematomas occur after mild or seemingly 
trivial head trauma, which the patient may not even recall. Affected patients have the same 
symptoms as those with acute subdural hematoma, but the symptoms are more gradual in onset 
and more indolent in their progression. Neurosurgical drainage of the hematoma may be required 
because the hemorrhage, which has collected over weeks, behaves as a mass with displacement 
and mass effect on adjacent brain structures. 
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Imaging in Traumatic Brain Injury 


The imaging modality of choice in patients who have experienced a traumatic brain injury is CT 
of the head. CT scans are very sensitive for detecting acute intracranial hemorrhage and skull 
fractures. Patients with symptoms of a subdural hematoma must undergo urgent imaging with 
noncontrast CT. All patients with traumatic brain injury who are on anticoagulation or have a 


hemorrhagic diathesis (such as those with severe hepatic disease) should undergo imaging. In 
addition, patients who experience persistent headache (>72 hours); a change in the level of 
behavior, consciousness, or alertness; or focal or lateralizing neurologic symptoms or signs 
should undergo emergent CT without contrast. 
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Concussive Head Injury and Traumatic Brain Injury in an 
Elderly Population 


Concussive head injury and mild traumatic brain injury are common in elderly patients because 
of the dysequilibrium that occurs as a result of age and because of other diseases that affect 
spatial orientation and gait. Such diseases are more common in elderly persons, particularly 
vestibular disorders (such as benign paroxysmal positional vertigo) and neurodegenerative 
diseases. Because of age-related brain atrophy, subdural hematomas can occur more commonly 
in elderly persons with a head injury, most likely because of traction on bridging dural veins. 
Additionally, anticoagulation with warfarin or antiplatelet therapy, which is very common in 
elderly persons because of the increasing prevalence of cardiovascular risk factors and disease, 
increases the risk of intracranial hemorrhage, particularly subdural hematomas. 
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Concussive Head Injury and Traumatic Brain Injury in the 
Military 


Head and neck injuries, including severe brain trauma, have been reported in one quarter of 
service members who have been evacuated from Iraq and Afghanistan, and traumatic brain 
injury has been labeled a signature injury of these wars. Nearly 15% of these soldiers have 
reported an injury during deployment that involved loss of consciousness or altered mental 
status. Soldiers with mild traumatic brain injury are significantly more likely to experience 
physical and mental health problems and to report poor general health, headache, missed days at 
work, medical visits, and more somatic and postconcussive symptoms, including mood alteration 
and cognitive impairment. Those with more serious traumatic brain injury with loss of 
consciousness are more likely to have symptoms of posttraumatic stress disorder and depression. 
The high prevalence of traumatic brain injury, somatic symptoms, affective disorders, and 
significant disability emphasizes the need for aggressive, multidisciplinary care of these patients. 
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Movement Disorders 


Approach to the Patient with a Movement Disorder 

Evaluation of the Patient with Gait Unsteadiness 

Cerebellar Ataxia 

Parkinson Disease 

Other Parkinsonism Disorders 

Essential Tremor 

Dystonia 

Chorea 

Restless Legs Syndrome and Periodic Limb Movements of Sleep 


Key Points 


Ischemic or hemorrhagic stroke in the brain stem, cerebellum, or thalamus can cause a 
cerebellar ataxia that affects the extremities, speech, and gait. 

Wernicke encephalopathy can occur in persons who have alcoholism, have undergone 
bariatric surgery, had a prolonged period of fasting, had repeated episodes of vomiting, or 
have been on prolonged parenteral nutrition without adequate vitamin supplementation 
Immediate treatment with parenteral thiamine can prevent irreversible neurologic 
dysfunction in persons with Wernicke encephalopathy. 

The cardinal clinical features of Parkinson disease are a resting tremor, bradykinesia, 
rigidity, and postural instability; early falls, rapid progression, poor or waning response to 
levodopa, dementia, early autonomic failure, and ataxia suggest other disorders. 

The tremor, bradykinesia, and rigidity of Parkinson disease are characteristically 
asymmetric. 

Levodopa is the drug of choice to treat Parkinson disease in older patients, whereas 
dopamine agonists are often used first in patients younger than 65 years. 

Patients with Parkinson disease who have disabling dyskinesias on levodopa 
monotherapy may benefit from the addition of a dopamine agonist. 

Approximately 60% of patients with Parkinson disease develop psychiatric symptoms, 
and more than 60% develop a sleep disorder. 

Neuroleptic medications are frequently associated with drug-induced parkinsonism. 
Multiple system atrophy is a heterogeneous degenerative disorder that can be associated 
with parkinsonism, ataxia, and autonomic nervous system impairment. 


e Essential tremor is distinguished from Parkinson disease by the lack of rigidity, 
bradykinesia, postural instability, and resting tremor; approximately 50% to 70% of 
patients have a family history of the disorder. 

e Propranolol and primidone are first-line agents when essential tremor interferes with 
activities of daily living or causes psychological distress. 

e Botulinum toxin therapy has been reported to be beneficial in 60% to 85% of patients 
with cervical dystonia and is the treatment of choice. 

e Restless legs syndrome may be familial or associated with pregnancy, end-stage renal 
disease, iron deficiency anemia, or peripheral neuropathy. 

e Dopamine agonists, such as ropinirole and pramipexole, are first-line agents used to treat 
daily symptoms of restless legs syndrome. 
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Approach to the Patient with a Movement Disorder 


A careful neurologic history and thorough neurologic examination are essential in the correct 
identification of a movement disorder. These disorders are diagnosed primarily by their clinical 
features. General categories of abnormal movements include tremor, dystonia, chorea, ataxia, 
myoclonus, and parkinsonism. Recognition of the presence (and absence) of these movements 
allows the practitioner to arrive at a specific clinical diagnosis. 


Tremor refers to the rhythmic oscillation of a body part. Tremor frequency, distribution, and 
presence at rest, with movement, or with sustained posture should be noted. A unilateral, low- 
frequency resting tremor is typical of Parkinson disease, whereas a bilateral, high-frequency, 
kinetic, and postural tremor (with both limb movement and sustained posture) is typical of 
essential tremor. 


Dystonia is characterized by the sustained contraction of agonist and antagonist muscles; can be 
generalized, focal, or segmental; and can involve virtually any body part. Chorea refers to brief, 
irregular, nonstereotypical, nonrhythmic movements and can involve the extremities, head, 
trunk, and face. Cerebellar ataxia is characterized by impaired initiation and coordination of 
movements and can involve speech, gait, and the extremities. Myoclonus refers to abnormal 
lightning-like jerking extremity movements. 


Parkinsonism refers to a set of clinical features that include rigidity, resting tremor, bradykinesia, 
and postural instability. This term is generally used to describe such clinical features in either a 
patient with an established secondary cause (such as drug-induced parkinsonism) or a patient 
with an unknown condition causing the symptoms. Many of the diseases discussed in this section 
can be associated with parkinsonism. Parkinson disease is a specific clinical parkinsonian 
disorder characterized by its distinct clinical and pathologic features and by its robust therapeutic 
response to dopaminergic medication. 
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Evaluation of the Patient with Gait Unsteadiness 


Gait unsteadiness is a common symptom, particularly in elderly persons. Because many 
conditions affect gait in characteristic patterns, careful observation can permit the identification 
of an underlying neurologic disorder. Gait analysis should ideally occur over a distance of 20 or 
more feet. 


Many different systems are involved in the control of posture and ambulation. The 
musculoskeletal system provides mechanical stability and, if perturbed, can cause pain, 
weakness, and gait unsteadiness. Maintenance of an upright posture is dependent on postural 
reflexes and a dynamic interplay of visual, vestibular, and somatosensory systems. Impairment in 
any of these systems can result in postural and gait instability. Impairment in proprioception 
(joint position sense) or a positive Romberg sign suggests somatosensory impairment. A history 
of vertigo (the illusion of self- or environmental motion) can suggest vestibular impairment. 


Recognition of the clinical features of the major gait disorders is helpful. The spastic gait pattern 
found in patients with corticospinal tract problems is characterized by circumduction of the 
involved leg such that the stiffly extended knee is swung laterally and forward from the hip, 
which often results in dragging the foot on the ground. Cerebellar ataxia is recognized by a wide- 
based stance and lurching, irregular steps that are worse with turning. Patients with a sensory 
ataxia adopt a wide-based stance and may have a foot slap. The akinetic rigid (parkinsonian) gait 
is characterized by poor initiation of gait, freezing or complete cessation of gait, postural 
instability, and a slow, shuffling gait pattern. 
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Cerebellar Ataxia 


e Approach to the Patient with Ataxia 


e Acquired Ataxic Disorders 
e Inherited Ataxias 
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Approach to the Patient with Ataxia 


Ataxic disorders can affect posture, gait, the extremities, and speech and can manifest as gait 
unsteadiness, extremity incoordination, and slurred speech. Because many acquired and 
hereditary disorders can cause cerebellar ataxia, a thoughtful approach based on the mode and 
timing of symptom onset is necessary to guide diagnostic evaluation (Table 18). 


Symptom distribution is also an important consideration. Unilateral ataxia suggests a structural 
cause due to stroke, tumor, or demyelinating disease. Chronic alcohol abuse can result in gait 


unsteadiness due to truncal and leg ataxia, with the arms left unaffected. Identification of 
involvement of other neurologic systems can suggest particular conditions. A history of rapidly 
progressive ataxia in conjunction with signs of progressive cognitive dysfunction most typically 
indicates Creutzfeldt-Jakob disease or a paraneoplastic disorder. The presence of parkinsonism 
or dysautonomia in a patient with chronic, progressive cerebellar ataxia suggests multiple system 
atrophy. The primary inherited cerebellar ataxic disorders in adults include spinocerebellar 
ataxia, Friedreich ataxia, and fragile X tremor ataxia syndrome. 


Table 18. Approach to Ataxia Based on Mode of Onset 


Acute Onset 
Ischemic stroke of the cerebellum, brain stem 
Hemorrhagic stroke of the cerebellum, brain stem 
Medication induced 
Subacute Onset 
Thiamine deficiency 
Multiple sclerosis 
Hydrocephalus 
Posterior fossa tumor 
Posterior fossa abscess 
Paraneoplastic disorder 
Toxins 
Miller-Fisher form of Guillain-Barré syndrome 
Chronic Progressive 
Primary progressive multiple sclerosis 
Alcoholic cerebellar degeneration 
Paraneoplastic disorder 
Hydrocephalus 
Vitamin E deficiency 
Hypothyroidism 
Celiac disease 
Creutzfeldt-Jakob disease 
Posterior fossa tumor 
Inherited ataxias 
Multiple system atrophy 
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Acquired Ataxic Disorders 


In general clinical practice, ataxia is more likely to be due to an acquired disorder. Ischemic or 
hemorrhagic stroke in the brain stem, cerebellum, or thalamus can cause cerebellar ataxia. 
Patients with the disorder report abrupt symptom onset, with ataxia that typically affects the 
extremities, speech, and gait. Cerebellar ataxia is a frequent manifestation of multiple sclerosis 
lesions involving the spinal cord or brainstem. Primary brain tumors or metastatic brain tumors 
can also involve the cerebellar pathways and cause chronic progressive cerebellar ataxia. 


In addition to chronic alcohol abuse, cerebellar ataxia may also occur in association with 
phenytoin, 5-fluorouracil, and cytosine arabinoside administration. Wernicke encephalopathy 
characteristically results in ataxia but is also associated with ophthalmoplegia (paresis of eye 
muscles), confusion, peripheral neuropathy, and even seizures. Wernicke encephalopathy is 
caused by thiamine (vitamin B,) deficiency; it most commonly occurs in persons with 
alcoholism but has also been reported in patients who have undergone bariatric surgery, have had 
a prolonged period of fasting, have had repeated episodes of vomiting, or have been on 
prolonged parenteral nutrition without adequate vitamin supplementation. Immediate treatment 
with parenteral thiamine is necessary, or a chronic amnestic state (Korsakoff psychosis) may 
develop. Acquired vitamin E deficiency may also result in gait ataxia and sensory neuropathy, 
most typically in patients with a history of malabsorption due to gastrointestinal disease. 


A severe, rapidly progressive cerebellar ataxia may occur as a paraneoplastic manifestation in a 
patient with a known or occult cancer. Patients with paraneoplastic ataxia often have other 
neurologic manifestations, including peripheral neuropathy or encephalomyelitis. For further 
discussion, see Neuro-oncology. 


Hypothyroidism is a very rare cause of ataxia. The ataxia resolves completely with thyroid 
hormone replacement. Celiac disease can (rarely) be associated with ataxia, and most patients 
will have concomitant sensory peripheral neuropathy. 
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Inherited Ataxias 


The hereditary ataxic disorders are a heterogeneous group of diseases that manifest primarily as 
chronic, progressive ataxia. Degeneration occurs in the cerebellum and, in many of these 
disorders, also in the spinal cord. These conditions are typically either autosomal dominant or 
autosomal recessive. Although the responsible genetic defect is known in several of these 
disorders, the only treatable conditions are Refsum disease, cerebrotendinous xanthomatosis, and 
ataxia with isolated vitamin E deficiency. In the other disorders, treatment is supportive. 
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Fragile X Tremor Ataxia Syndrome 


Fragile X tremor ataxia syndrome is a recently recognized disorder that develops in later life, 
primarily with symptoms of ataxia and intention tremor. Other reported symptoms include 
dementia, psychiatric symptoms, peripheral neuropathy, and dysautonomia. Diagnosis is 
established by demonstrating allele expansion of the FMR/ gene. 
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Friedreich Ataxia 


Friedreich ataxia is the most common autosomal recessive ataxic disorder, with an estimated 
prevalence of 2 to 3 per 100,000 persons. The mean age of onset is approximately 15 years, but 
onset into the sixth decade of life is seen. Typical symptoms include ataxia involving gait, limbs, 
and speech. Neurologic examination shows absent deep tendon reflexes in the lower limbs and 
impaired proprioception. Cardiomyopathy develops in most patients, and diabetes mellitus is 
present in some. Diagnosis is established by demonstrating a trinucleotide (GAA) repeat in the 
X25 gene. Treatment is supportive. 
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Spinocerebellar Ataxias 


The spinocerebellar ataxias are a clinically and genetically heterogeneous group of disorders. 
Estimated prevalence of the spinocerebellar ataxias is approximately 1 per 100,000 persons. The 
spinocerebellar ataxias have an autosomal dominant pattern of inheritance and are associated 
with chronic, progressive cerebellar ataxia, with a mean age of onset in the fourth and fifth 
decades. 
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Parkinson Disease 


e Epidemiology and Genetics 
e Clinical Features and Diagnosis 


e Treatment of Parkinson Disease 
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Epidemiology and Genetics 


One of the more common neurodegenerative disorders, Parkinson disease is estimated to affect 
1% of persons older than 65 years and 2.5% of persons older than 80 years. Estimated prevalence 
is 100 to 200 per 100,000 persons. Peak onset is in the sixth and seventh decades of life. The 
disease is more prevalent in men, with a ratio of 1.5-2:1. A chronic, progressive disease course is 
expected, with significant disability approximately 10 to 15 years after onset. It is now thought 
that as many as 10% to 15% of cases may be familial, although genetic testing is currently 
performed only for research purposes. 
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Clinical Features and Diagnosis 


Parkinson disease remains a clinical diagnosis that is based on a cardinal set of clinical features, 
including resting tremor, bradykinesia, rigidity, and postural instability; the tremor, bradykinesia, 
and rigidity are asymmetric. Sustained levodopa responsiveness is expected in Parkinson disease 
and helps confirm the clinical diagnosis. Signs suggesting an alternative condition include 
symmetric symptoms or signs, early falls, rapid progression, poor or waning response to 
levodopa, dementia, early autonomic failure, and ataxia. Parkinsonism can be a presenting 
feature of a number of other conditions (Table 19). 


The diagnostic evaluation of suspected Parkinson disease should include a careful review of a 
patient’s medication history to exclude drug-induced parkinsonism. A history of repeated head 
trauma or toxin exposure should also be explored. Although findings are normal in Parkinson 
disease, MRI is indicated to exclude other disease processes, such as vascular disease, 
hydrocephalus, and other degenerative diseases. 


Table 19. Differential Diagnosis of Parkinsonism 


Disorder Notes 
Parkinson Disease” 
Degenerative parkinsonism 


Multiple system atrophy Ataxia, dysautonomia 
Progressive supranuclear palsy Early falls, impaired vertical eye movement 
Corticobasal degeneration Asymmetric spasticity and rigidity, alien limb 


movement, myoclonus 
Dementia with Lewy bodies Dementia and hallucinations 
Secondary parkinsonism 


Drugs (antipsychotics, antiemetics, Exposure history 
metoclopramide, reserpine, lithium, 
tetrabenazine, flunarizine) 


Toxins (manganese, MPTP, mercury, Exposure history 
methanol, ethanol, carbon monoxide) 


Vascular 

Trauma (including pugilistic 
encephalopathy) 
Hydrocephalus 
Creutzfeldt-Jakob disease 
Paraneoplastic syndrome 
Hepatocerebral degeneration 
Hypothyroidism 


Hereditary Disorders Associated with 
Parkinsonism? 


Wilson disease 


Familial amyotrophy-dementia- 
parkinsonism 

Spinocerebellar ataxias 
Huntington disease 


Fragile X tremor ataxia syndrome 


MPTP = methylphenyltetrahydropyridine. 


History and MRI showing stroke 
History of head trauma 


MRI suggestive of contusion, lower body 
parkinsonism 


Rapidly progressive; signs and symptoms of ataxia, 
dementia, myoclonus, and dystonia 


Rapidly progressive; signs and symptoms of ataxia, 
encephalopathy, and myoclonus 

History of liver disease; MRI changes in basal 
ganglia 

Rare; resolves with treatment 


Must be ruled out in patients less than age 50 
years; Hepatic and psychiatric disease; tremor; 
dystonia; ataxia 

Cognitive/behavioral change; extremity weakness, 
atrophy; rigidity, bradykinesia 

Autosomal dominant; begin in early life; Ataxia 
predominates 

Chorea, dystonia, psychiatric symptoms, dementia, 
ataxia 

Ataxia, tremor, dementia 


“Characterized by asymmetric tremor, rigidity, and brandykinesia. 


Not a complete list. 
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Treatment of Parkinson Disease 


To date, no treatment exists to slow the loss of dopamine-producing neurons in Parkinson 
disease. Both pharmacologic therapy and nonpharmacologic therapy are tailored to patient age, 
the nature of the symptoms, and symptom severity. 
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General Pharmacotherapy 


The mainstay of drug therapy is targeted toward dopamine replacement with levodopa or 
dopamine agonists. Drug treatment can be delayed until the patient’s symptoms interfere with 
employment or social activities. The choice of pharmacotherapy in early Parkinson disease 
remains somewhat controversial because of concerns about levodopa-induced motor 
complications. Levodopa is the most effective medication used in the treatment of Parkinson 
disease but is associated with motor fluctuations, such as dyskinesias and a “wearing-off” effect, 
which refers to enhanced parkinsonian symptoms due to ineffective dopamine therapy. These 
motor fluctuations develop at a rate of 10% annually in patients older than 60 years but seem to 
develop more rapidly and are more severe in younger patients. Therefore, most clinicians will 
initiate therapy with a dopamine agonist in patients younger than 65 years. At some point, 
however, all patients will require the addition of levodopa therapy. Levodopa is the drug of 
choice in older patients. 


Levodopa is administered in conjunction with carbidopa, which prevents the peripheral 
conversion of levodopa to dopamine, in a three-times daily dosing regimen at least 1 hour before 
meals. The dopamine agonists ropinirole and pramipexole are also administered in a three-times 
daily dosing regimen, starting at a low dose and titrating up on the basis of treatment effect. 
Involvement of physical therapists can benefit patients with significant gait freezing and postural 
instability. 
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Management of Motor Fluctuations in Parkinson Disease 


At some point, most patients with Parkinson disease develop motor complications, such as 
dyskinesias and “wearing off” (also called “off-time”). Dyskinesias are recognized as choreiform 
and dystonic movements, which are involuntary and related to dopamine therapy. If these are 
mild and do not disturb the patient, they should not be treated. Risk factors for motor fluctuations 
include younger age of onset, increasing disease severity, higher levodopa dosage, and longer 
disease duration. 


Patients with disabling dyskinesias on levodopa monotherapy may benefit from the addition of a 
dopamine agonist. Amantadine can also be used to reduce dyskinesias. In patients with wearing- 
off phenomena, the initial strategy is to increase either individual levodopa dosage or the 
frequency of levodopa administration. If dyskinesias then become problematic or the duration of 
levodopa effect becomes too short, coadministration of a dopamine agonist is often beneficial. 
Administration of entacapone or rasagiline has also been shown to reduce the wearing-off effect. 
Additionally, deep brain stimulation has been shown to improve motor function, reduce the 
wearing-off effect, and reduce dyskinesias. Patients with severe motor fluctuations despite 
optimal pharmacotherapy should be referred for consideration of deep brain stimulation. 
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Treatment of Neuropsychiatric and Sleep Disturbances in 
Parkinson Disease 


Approximately 60% of patients with Parkinson disease develop psychiatric symptoms during the 
course of their disease. Depression and anxiety are common manifestations and can occur at any 
stage of the disease. The first step in such patients is to optimize dopaminergic therapy. Selective 
serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors are first-line 
agents for those requiring drug treatment. Other patients may benefit from a subset of these 
medications that also have antianxiolytic properties (paroxetine, sertraline, venlaflaxine). A 
number of controlled trials have demonstrated the efficacy of antidepressant agents, including 
paroxetine, sertraline, bupropion, and the tricyclic nortriptyline, for the treatment of depression 
in Parkinson disease. 


Neuropsychiatric symptoms, including psychosis, commonly occur in patients with advanced 
Parkinson disease. Before initiation of neuroleptic therapy for treatment of psychosis in such 
patients, medical conditions—such as urinary tract and pulmonary infections, metabolic 
disturbances, and adverse effects of medications—must be excluded. Polypharmacy, in 
particular, has been shown to be an independent risk factor for the development of psychosis in 
Parkinson disease. Therefore, in patients with persistent psychosis, reduction or elimination of 
medications should be considered, including parkinsonian medications. Such changes are usually 
best made in consultation with a neurologist. Psychological approaches to the management of 
psychosis, such as cognitive-behavioral therapy, supportive therapy, and psychoeducation, 
should also be considered. Pharmacotherapy is occasionally necessary in the treatment of 
psychosis. Cholinesterase inhibitors may be beneficial in some patients and are usually well 
tolerated. Quetiapine, an atypical antipsychotic medication that typically does not worsen motor 
function, is used by many experts as first-line therapy. 


Sleep disorders affect 60% to 98% of patients with Parkinson disease. Motor manifestations of 
these disorders are common causes of sleep disturbance and can manifest as stiffness, inability to 
move, dystonia, cramps, or pain. Therapy with an extended-release carbidopa-levodopa 
preparation should be considered. Restless legs syndrome and periodic limb movements of sleep 
are also common and may require additional dopaminergic medication before bedtime. Rapid 
eye movement sleep behavior disorder may occur in up to one third of patients with Parkinson 
disease, manifesting as kicking, grabbing, yelling, and falling or even jumping out of bed. A 
sleep study may facilitate the recognition of these disorders. Clonazepam before bedtime may be 
indicated if these events disrupt sleep or are dangerous to the patient (or their sleeping partner). 
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Other Parkinsonism Disorders 


e Drug-Induced Parkinsonism 


e Multiple System Atrophy 
e Progressive Supranuclear Palsy 


e Corticobasal Degeneration 
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Drug-Induced Parkinsonism 


Parkinsonism is an established side effect of many medications, particularly those that interfere 
with the storage, synthesis, and release of dopamine or cause blockade of dopaminergic 
receptors. Neuroleptic medications are frequently associated with parkinsonian side effects; 
however, many others have been associated with the development of drug-induced parkinsonism 
(see Table 19). The parkinsonism is bilateral, with evident bradykinesia, rigidity, and tremor. 
Tremor in drug-induced parkinsonism is often postural and may be higher in frequency than in 
Parkinson disease. 
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Multiple System Atrophy 


Multiple system atrophy is a heterogeneous degenerative disorder that can be associated with 
parkinsonism, ataxia, and autonomic nervous system impairment. It has an estimated prevalence 
of 4.4 per 100,000 persons and seems to affect men and women equally. Multiple system atrophy 
is generally considered to be a sporadic disease of unknown cause. Mean age of onset is in the 
sixth decade of life, and median survival is 9.5 years. There are different forms of multiple 
system atrophy, and its classification has historically been based on the predominant neurologic 
system involved. However, most patients will have a combination of symptoms, reflecting 
degeneration of multiple neurologic systems. 


Parkinsonian symptoms, such as rigidity, bradykinesia, and postural instability, occur in 
conjunction with ataxia or symptoms of dysautonomia. Signs and symptoms of dysautonomia 
include erectile dysfunction, constipation, diarrhea, urinary incontinence, and orthostatic 
hypotension. A history of voice change or breathing difficulties should prompt ear, nose and 
throat evaluation to look for vocal cord abnormalities. 


Treatment of multiple system atrophy is symptomatic only. Carbidopa-levodopa should be 
administered to affected patients with significant parkinsonism; 25% of these patients will have 
an initial beneficial response to this drug. Orthostatic hypotension is treated with a combination 
of conservative and pharmacologic measures. Patients should be instructed to elevate the head of 


the bed, increase their salt intake, and use compression stockings. Medications used to treat 
orthostatic hypotension include midodrine, fludrocortisone, and pyridostigmine. 
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Progressive Supranuclear Palsy 


Progressive supranuclear palsy is a progressive neurodegenerative disorder with an estimated 
prevalence of 6.5 per 100,000 persons. Occurring equally in men and women, it is a sporadic 
condition. Patients typically present in their sixties with symptoms of gait impairment, falls, and 
bulbar abnormalities, including slurred speech and dysphagia. Examination shows parkinsonism, 
impaired vertical eye movements, dysarthria, and a reduction in facial expression and blink 
frequency. The presence of symmetric bradykinesia and axial muscle rigidity, the lack of a 
significant resting tremor, and the restriction of vertical saccades help distinguish progressive 
supranuclear palsy from Parkinson disease. Treatment of progressive supranuclear palsy is 
limited. A levodopa trial can be considered in patients with significant parkinsonism, although 
the effects are typically modest and are not sustained. Involvement of physical and occupational 
therapists can help to prevent contractures and provide gait aid. 
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Corticobasal Degeneration 


Corticobasal degeneration is a rare, sporadic, degenerative condition. Clinical manifestations 
include gait impairment, dystonia, myoclonus, tremor, and slurred speech. Neurologic 
examination shows asymmetric rigidity, bradykinesia, and dystonia in most patients. The 
presence of alien limb phenomenon, by which an extremity moves independent of conscious 
voluntary control, in conjunction with these signs suggests corticobasal degeneration. Tremor is 
less frequently seen than in patients with Parkinson disease. Diagnosis is based on clinical 
features, and therapy is symptomatic, similar to that for progressive supranuclear palsy. 
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Essential Tremor 


Essential tremor affects between 1% and 6% of the population and has a bimodal age of onset, 
peaking in the third and sixth decades. Both sexes are affected equally. Although there is no 
evidence of increased mortality in patients with essential tremor, the tremor can become 
disabling. Approximately 50% to 70% of patients with essential tremor have a family history of 
such tremor. A person with a first-degree relative with essential tremor is five times more likely 
to develop the disorder. 


Essential tremor is characterized by an upper extremity high-frequency tremor, which is present 
with both limb movement and sustained posture of the involved extremities. The tremor is 
characteristically bilateral, but there can be mild to moderate asymmetry. Tremor amplitude over 
time typically increases and can be so severe as to interfere with writing, drinking, and other 
activities requiring smooth, coordinated upper limb movements. Head tremor is seen in 50% of 
patients, voice tremor in 30%, and a tremor involving the legs or chin in 15%. Many patients 
report improvement in the tremor with ingestion of alcohol. 


Diagnosis of essential tremor is based on clinical features. It is distinguished from Parkinson 
disease by the lack of rigidity, bradykinesia, postural instability, and resting tremor. Medication 
history should be reviewed to exclude medication-induced (such as corticosteroid-, valproate-, 
and lithium-induced) tremor. Enhanced physiologic tremor due to anxiety, stress, and metabolic 
disturbances, such as hypoglycemia and hyperthyroidism, should be considered and excluded. 
Wilson disease should be considered in a patient younger than 40 years who has a kinetic or 
postural tremor. 


Patients with mild tremor may not require treatment. For more serious tremors, propranolol and 
primidone are first-line agents (Table 20). Either drug may be initiated when tremor interferes 
with activities of daily living or causes psychological distress. Alternative medication options 
include gabapentin, topiramate, alprazolam, and sotalol. Injection of botulinum toxin can be 
considered in patients with head tremor because oral medications are less effective in treating 
this type of tremor. Botulinum toxin has also been used in some patients with severe extremity 
tremor. The 15% of patients with severe, disabling essential tremor should be considered for 
deep brain stimulation, which is generally safe, results in 60% to 90% improvement, and has 
been reported to improve quality of life. 


Table 20. Treatment of Essential Tremor 


Treatment Potential Adverse Effects 

Propranolol Reduced blood pressure and/or heart rate, impotence, drowsiness, 
dyspnea 

Primidone Drowsiness, fatigue, ataxia, vertigo, vomiting, nausea 
Gabapentin Lethargy, fatigue, dizziness, depression, cognitive impairment 
Topiramate Weight loss, paresthesias, cognitive impairment, glaucoma 
Atenolol Lightheadedness, nausea, sleepiness 
Nadolol Hypotension, dizziness 
Sotalol Drowsiness, arrhythmia, palpitations, fatigue, nausea, vomiting 
Botulinum toxin Hand/neck weakness 
Deep brain Infection, hematoma, seizures, visual disturbances 


stimulation 
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Dystonia 


e Drug-Induced Dystonia 
e Cervical Dystonia 


e Spasmodic Dysphonia 
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Drug-Induced Dystonia 


All medications that block D2 dopamine receptors can cause acute dystonic reactions. Dystonic 
movements are due to sustained contraction of agonist and antagonist muscles, which results in 
twisting and repetitive movements or sustained abnormal postures. These movements most 
frequently affect the ocular muscles (oculogyric crisis) and the face, jaw, tongue, neck, and 
trunk. The limbs are rarely affected. Neuroleptic, antiemetic, and serotoninergic agents have 
been implicated. Treatment consists of parenteral diphenhydramine, benztropine mesylate, or 
biperiden. 
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Cervical Dystonia 


Cervical dystonia, formerly known as torticollis, is a focal dystonia that involves the cervical 
musculature and causes abnormal postures of the head, neck, and shoulders. Quick, nonrhythmic, 
repetitive movements can also occur and can be mistaken for tremor. The prevalence of cervical 
dystonia is approximately 33 per 100,000 persons. The diagnosis is based on clinical features. 
MRI of the brain and cervical spine to rule out structural disease is indicated in those with 
cervical dystonia that is acute in onset and is associated with restricted range of motion about the 
neck. 


Mild, nondisabling symptoms of cervical dystonia may not require therapy. However dystonic 
movements that interfere with social or occupational functioning should be considered for 
pharmacotherapy or botulinum toxin therapy. Botulinum toxin therapy, which has been reported 
to be beneficial in 60% to 85% of patients with cervical dystonia, is the treatment of choice. 
Therapy with anticholinergic medications results in improvement in 39% of patients with this 
disorder. 
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Spasmodic Dysphonia 


Characterized by spasmodic interruptions in the voice, spasmodic dysphonia is classified as a 
task-specific focal dystonia of the voice caused by inappropriate vocal cord spasm. Diagnosis is 
based on the presence of appropriate clinical features. Other disorders, such as vocal cord 
paralysis, gastroesophageal reflux, and vocal fold polyps, nodules, and cysts, should be excluded 
by laryngeal evaluation. Botulinum toxin injection, typically into the thyroarytenoid muscles, is 
the treatment of choice. 
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Chorea 


e Acquired Causes of Chorea 
e Huntington Disease 


PreviousNext 


Acquired Causes of Chorea 


Chorea may result from medications, systemic metabolic disorders, immunologic disease, brain 
tumor, or cerebrovascular disease. Substances associated with chorea include oral contraceptive 
agents, lithium, digoxin, tricyclic medications, anticonvulsant agents, amphetamines, cocaine, 
and dopaminergic medications. Hyper- and hypoparathyroidism, hyper- and hypoglycemia, and 
pregnancy have been associated with chorea. Systemic lupus erythematosus and primary 
antiphospholipid antibody syndrome should be excluded by checking serum levels of antinuclear 
and anticardiolipin antibodies. Children and adolescents with chorea should be checked for 
recent streptococcal infection (Sydenham chorea). 
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Huntington Disease 


Huntington disease is a hereditary, progressive, neurodegenerative disorder characterized by 
increasingly severe motor impairment, cognitive decline, and psychiatric symptoms. In addition 
to chorea, other motor symptoms include ataxia, dystonia, slurred speech, swallowing 
impairment, and myoclonus. Various psychiatric symptoms, such as dysphoria, agitation, 
irritability, anxiety, apathy, disinhibition, delusions, and hallucinations, are commonly seen. 
Symptoms typically begin in the fourth and fifth decade, but 10% of patients have symptoms in 
the second decade. Average illness duration (diagnosis to death) is approximately 15 years but is 
shorter in patients younger than 20 years and older than 50 years. 


Huntington disease is an autosomal dominant disorder caused by a CAG repeat within the gene 
on chromosome 4. Genetic testing is commercially available and should always be offered with 
genetic counseling. There is, however, no definitive therapy, and treatment is symptomatic. 
Quetiapine, olanzapine, or risperidone can be considered in the treatment of severe chorea. 
Speech, physical, and occupational therapy can be helpful for some of the other motor 
manifestations of the disease. Selective serotonin reuptake inhibitors can be used to treat 
depression, and quetiapine, risperidone, or olanzapine can be used to treat psychotic symptoms. 
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Restless Legs Syndrome and Periodic Limb Movements of 
Sleep 


Restless legs syndrome is a common condition, with an estimated prevalence between 6% and 
12%. A positive family history is present in at least 50% of patients with the disorder. Genetic 
studies in familial restless leg syndrome have suggested linkage to chromosomes 12 and 14, 
typically with an autosomal dominant pattern of inheritance. 


Restless legs syndrome can be divided into primary and secondary forms. The primary form 
refers to patients without another condition known to be associated with restless legs syndrome. 
Well-established conditions that can be labeled as secondary restless legs syndrome include 
pregnancy, end-stage renal disease, and iron deficiency. Symptoms resolve with resolution of 
these conditions. 


Restless legs syndrome remains a clinical diagnosis. Besides an urge to move the legs, there are 
four other criteria for making the diagnosis: (1) an uncomfortable or unpleasant sensation in the 
legs; (2) an unpleasant sensation in the legs that begins or worsens during periods of rest or 
inactivity; (3) an unpleasant sensation in the legs that is partially or totally relieved by 
movement, as long as activity continues; and (4) an unpleasant sensation that is worse in the 
evening or night or is present only at night. 


Physical examination typically shows normal findings in affected patients, although associated 
peripheral neuropathy is common in patients with late-onset restless legs syndrome. Evaluation 
for iron deficiency anemia by measurement of serum ferritin levels and percent iron saturation 
should be performed in all patients suspected of having the disease. Periodic limb movements of 
sleep occur in 85% of patients with restless legs syndrome and, when present, help confirm the 
diagnosis; they are described as involuntary jerking (clonic) movements of the legs during sleep. 
A positive family history of restless legs syndrome and response to dopaminergic therapy also 
help confirm the diagnosis. 


Both pharmacologic and nonpharmacologic therapies should be considered in the treatment of 
restless legs syndrome and are tailored to symptom severity (Table 21). Dopamine agonists, 
such as ropinirole and pramipexole, are first-line agents used to treat daily symptoms. 
Gabapentin, clonazepam, and opioid medications can also be helpful either as combination 


therapy with a dopamine agonist or as monotherapy. Changing to a different dopamine agonist, 
switching to an opioid or gabapentin, combining therapies, and using high-dose opioid therapy 
with another medication (such as methadone) are all treatment options in patients with refractory 
restless legs syndrome. 


Table 21. Management of Restless Legs Syndrome 


Nonpharmacologic Management 
Avoiding medications/substances that exacerbate restless legs syndrome 
Antidepressant medications (selective serotonin reuptake inhibitors, tricyclic antidepressants 
Neuroleptic medications 
Antihistamine medications 
Antinausea medications, promotility agents (metoclopramide, chlorpromethazine) 
Caffeine 
Alcohol 
Sleep hygiene 
Regular sleep and wake times 
Restricting bed to sleep and intimacy 
Avoiding perturbing activities before sleep 
Behavioral interventions 
Brief walks before bedtime 
Hot baths or cold showers 
Massaging of limbs 

Pharmacotherapy 

For daily symptoms 
Dopamine agonists 
Ropinirole 
Pramipexole 
Anticonvulsant agents 
Gabapentin 
Clonazepam 
Opioids (low potency) 
Tramadol 
Hydrocodone 
Oxycodone 
For refractory symptoms 
Switch to a different dopamine agonist. 
Switch to a low-potency opioid or gabapentin if currently using a dopamine agonist. 
Add a second medication. 


Use a high-potency opioid (such as methadone). 
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Demyelinating Diseases 


Spectrum, Pathophysiology, and Epidemiology of Demyelinating Diseases 
Presenting Signs and Symptoms of Multiple Sclerosis 


Diagnosis of Multiple Sclerosis 
Differential Diagnosis of Multiple Sclerosis 


Clinical Course in Multiple Sclerosis 
Treatment of Multiple Sclerosis 


Key Points 


Genetic and environmental factors contribute to multiple sclerosis susceptibility. 
The cause of multiple sclerosis (MS) is unknown, but approximately 15% of people with 
MS have a family history of the disease. 


Moving before adulthood from a low- to a high-prevalence geographic region of multiple 
sclerosis increases risk of the disease. 

Optic neuritis, Lhermitte sign, diurnal fatigue, heat sensitivity, and internuclear 
ophthalmoplegia are characteristic features of multiple sclerosis. 

In multiple sclerosis, brain MRI reveals ovoid lesions in the periventricular white matter 
that sometimes enhance with gadolinium; misinterpretation of brain MRI white matter 
abnormalities discovered in patients with nonspecific symptoms is a leading cause of 
misdiagnosis of multiple sclerosis. 

Cerebrospinal fluid analysis is useful when the clinical setting is suspicious for multiple 
sclerosis but neuroimaging is inconclusive because approximately 85% of patients with 
MS have abnormal findings. 

Multiple sclerosis begins with a clinical attack in 85% of patients; if the brain MRI at 
presentation shows lesions consistent with demyelination, the risk of experiencing a 
second attack (confirmed multiple sclerosis) approaches 90% over the next 10 to 15 
years. 

At least two thirds of patients with relapsing-remitting multiple sclerosis develop a 
secondary progressive disease course; the median time from onset until such progression 
ranges from 10 to 15 years. 

Multiple sclerosis begins as a primary progressive disorder in 15% of patients. 
Immunizations should be delayed for 4 to 6 weeks after an acute attack of multiple 
sclerosis, and live vaccines should not be administered to patients on immunosuppressive 
therapies, such as mitoxantrone. 

Pseudorelapses (worsening of neurologic symptoms due to another cause, such as 
systemic infection, that requires antibiotic treatment or supportive care) should be 
differentiated from true multiple sclerosis relapses (which may require corticosteroid 
treatment). 

Intravenous methylprednisolone, 1 g/d for 3 to 5 days, may be used to speed recovery 
from multiple sclerosis relapses that impair vision, strength, balance, or coordination, and 
severe corticosteroid-refractory relapses may respond to rescue therapy with 
plasmapheresis. 

Three interferons, glatiramer acetate, and natalizumab are approved for reducing the 
relapse rate in relapsing-remitting multiple sclerosis. 

Natalizumab is associated with a small risk of developing progressive multifocal 
leukoencephalopathy, and treatment requires participation in a safety surveillance 
program. 

No therapies have had convincing effects on the neurodegenerative processes that 
underlie progressive forms of multiple sclerosis. 

Adequate rest and regular physical exercise may reduce fatigue related to multiple 
sclerosis, but many patients require treatment with stimulants, such as amantadine or 
modafinil. 

Multiple sclerosis is associated with a high prevalence of depression and an elevated risk 
of suicide, so mood should be assessed regularly. 

Spasticity in patients with multiple sclerosis is best managed by physical therapy 
interventions that include stretching, with or without antispasticity medications. 
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Spectrum, Pathophysiology, and Epidemiology of 
Demyelinating Diseases 


The idiopathic inflammatory demyelinating diseases of the central nervous system (CNS) are 
defined by their distribution, clinical symptoms, severity, and tendency to relapse (Table 22). 


Multiple sclerosis (MS), the most common of these disorders, is a putative autoimmune disease 
characterized by episodic neurologic symptoms and signs caused by focal demyelinating lesions 
(plaques) involving the white matter of the brain, spinal cord, and optic nerves. The pathologic 
hallmarks of MS plaques are inflammation and demyelination, with relative sparing of nerve 
axons. However, axonal loss and degenerative processes, major contributors to neurologic 
disability, may begin early in this disease. Moreover, contemporary immunopathologic studies 
show that MS is heterogeneous. Four different pathologic patterns have been described, each 
with distinctive characteristics, such as complement activation and immunoglobulin deposition, 
loss of oligodendrocytes (myelin-supporting cells), or apoptosis. Lesions from individual patients 
with MS appear restricted to one pattern, suggesting that the term “multiple sclerosis” 
encompasses several distinct disorders that follow different mechanisms toward the final 
common pathway of inflammatory demyelination. Each mechanism may require a specific 
therapeutic strategy; this is an area of active research. 


MS is the most common cause of nontraumatic neurologic disability in young and middle-aged 
adults in the United States; it affects 0.1% to 0.2% of the population or 400,000 people. Disease 
onset is usually between age 20 and 40 years; however, MS may occur at virtually any age, 
including during childhood. Epidemiologic studies demonstrate a female-to-male predominance 
of approximately 2:1, and recent data indicate that the female preponderance has increased over 
the past several decades, nearing 3:1. 


The cause of MS is unknown, but genetic and environmental factors each contribute to 
individual risk. Approximately 15% of people with MS have a family history of the disease. 
There are strong racial and ethnic predilections; the highest rates occur in Northern Europeans, 
whereas in other groups, such as North American aboriginal people and black Africans, typical 
MS is virtually unknown. 


Environmental factors are also necessary to allow disease expression in a genetically susceptible 
individual. These as yet unidentified factors are postulated to act early in life. Migration studies 
show that moving prior to adulthood from a low-prevalence (<5 cases per 100,000 population) to 
a high-prevalence (>30 cases per 100,000 population) region increases MS risk. However, 
migration during adulthood from a low-prevalence to a high-prevalence region does not increase 
risk. These findings, together with evidence of possible MS “outbreaks” in certain areas, suggest 
that an infective agent or agents might be involved. The “molecular mimicry” concept 
hypothesizes that sequence similarities between foreign peptides (from viruses or other infective 
agents) and self-peptides (such as myelin) are sufficient to activate autoreactive T or B cells that 
trigger autoimmune disease. No single agent has been proved responsible, but serologic evidence 


indicates that an immune response against Epstein-Barr virus early in life is a risk factor for later 
development of MS. 


The prevalence of MS escalates with increasing geographic latitude, a fact only partially 
explained by genetic factors and population migration patterns. Additional influences might 
include climate, sunlight exposure, or other factors. Vitamin D has been implicated in MS 
pathogenesis because many patients with the disease are vitamin D deficient, and dietary 
supplementation with vitamins, including vitamin D, is associated with a lower future risk of 
MS; vitamin D also has immunologic effects. Reduced sunlight exposure during winter months 
in high-latitude regions may result in vitamin D deficiency and subsequent MS risk. 


A notable recent advance is the discovery of an autoantibody marker, NMO-IgG, which 
distinguishes neuromyelitis optica (Devic disease) from MS. Neuromyelitis optica is now 
recognized as a distinct demyelinating disease with a predilection for the optic nerves and spinal 
cord. NMO-IgG targets the water channel aquaporin-4, and growing evidence suggests it may be 
the primary cause of neuromyelitis optica. 


Table 22. Spectrum of Inflammatory Demyelinating Diseases 
of the Central Nervous System 


Disorder Distribution Course Relapse Severity 
Multiple sclerosis Multifocal Relapsing or progressive Mild to moderate 
Neuromyelitis optica Optic nerve and spinal cord Relapsing Severe 
ADEM Multifocal Monophasic Moderate to severe 
Transverse myelitis Focal Monophasic or relapsing Moderate to severe 


ADEM = acute disseminated encephalomyelitis. 
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Presenting Signs and Symptoms of Multiple Sclerosis 


Symptoms of MS typically emerge as discrete events called attacks (also known as relapses, 
flare-ups, or exacerbations). Attacks are subacute episodes of neurologic dysfunction that 
progress over days to weeks, plateau, and then improve partially or completely over subsequent 
days to months. Demyelinating plaques are the pathologic basis for attacks and cause symptoms 
by interrupting electrical conduction along neural pathways. 


Virtually any CNS symptom can occur in MS. Sensory symptoms, such as paresthesias of the 
limbs or face, are particularly common. Typical sensory patterns include ascending numbness of 
the distal limb with gradual proximal spread to involve the trunk with a sensory level, a “useless 


hand” syndrome in which impaired dexterity occurs with reduced proprioceptive function, or a 
“tight band” sensation around the trunk or limb. Optic neuritis is common and consists of 
monocular loss of vision (partial or complete) associated with orbital pain, pain with eye 
movement, and impaired color vision. Examination usually reveals a scotoma and a relative 
afferent pupillary defect in which the affected pupil fails to constrict normally with direct light 
stimulation but shows a normal “indirect” constrictive response when the contralateral eye is 
illuminated. Oculomotor dysfunction causes diplopia or oscillopsia (perception of involuntary 
eye movements), and internuclear ophthalmoplegia (one eye fails to adduct normally with 
contralateral gaze) on examination is strongly suggestive of MS. Motor weakness, imbalance, 
bladder or bowel dysfunction (especially urinary urgency, frequency, and incontinence and 
constipation), and facial pain (trigeminal neuralgia) are other common symptoms. Characteristic 
symptoms include Lhermitte sign (spinal or limb paresthesias elicited by neck flexion), diurnal 
fatigue (typically worst in the early afternoon), and sensitivity to heat exposure or exercise 
(which may cause temporary worsening of fatigue or neurologic symptoms). Memory loss or 
other cognitive symptoms, chronic neuropathic pain, and mood disorders are also prevalent but 
usually develop gradually rather than as a relapse. 
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Diagnosis of Multiple Sclerosis 


Brain MRI is the most useful test for diagnosing MS. In addition to excluding other structural 
causes of a patient’s symptoms and signs, brain MRI reveals white matter lesions supportive of a 
diagnosis of MS (Figure 14). Such lesions are characteristically ovoid in shape, are distributed in 
periventricular regions and in the posterior fossa, and are oriented perpendicular to the lateral 
ventricles and corpus callosum. Recent lesions (<12 weeks) may enhance after gadolinium 
administration because they are associated with an inflammatory breach of the blood-brain 
barrier. In a young adult with typical symptoms and signs of MS and recurrent attacks, brain 
MRI alone may be sufficient to confirm the diagnosis. After a first-ever attack (such as the 
occurrence of optic neuritis with no prior neurologic history), brain MRI also provides the 
strongest prognostic information about the future risk of MS and may be used to confirm the 
diagnosis if serial scans done several months later demonstrate new lesions. However, expert 
MRI interpretation and integration with the clinical scenario are mandatory because numerous 
other conditions, such as migraine, established cerebrovascular disease or presence of vascular 
risk factors (age >50 years, hypertension, smoking, diabetes mellitus, hyperlipidemia), and head 
trauma, are also associated with white matter abnormalities on brain MRI. The morphology of 
the white matter lesions associated with these conditions differs from that of typical MS; the 
lesions are usually small or punctate, somewhat irregular, and subcortical (nearer to the cortex or 
brain surface). Misinterpretation of white matter abnormalities discovered incidentally in a 
patient with nonspecific symptoms is a leading cause of MS misdiagnosis. 


Additional neuroimaging may be used to establish the presence of subclinical lesions that 
confirm involvement of multiple CNS regions (dissemination in space). Lesions detected by 
spinal cord MRI have high specificity for MS and do not occur in association with migraine or 


cerebrovascular disease. Orbital MRI with gadolinium obtained during an attack of optic neuritis 
may reveal optic nerve enhancement, which confirms an inflammatory process. 


Cerebrospinal fluid (CSF) analysis is useful if the clinical features are suggestive of MS but 
neuroimaging is inconclusive. About 85% of patients with MS have abnormal CSF findings. A 
mild lymphocytic pleocytosis, generally 10 to 30 cells/uL, may be present, although in most 
patients the cell count is normal. More specific findings include the presence of CSF oligoclonal 
bands not detectable in serum samples collected at the time of lumbar puncture and indices that 
show intrathecal immunoglobulin production (elevation of the IgG index and synthesis rate). 


Neurophysiologic studies can detect subclinical lesions in visual pathways (visual evoked 
potentials) or sensory tracts (somatosensory evoked potentials) and therefore demonstrate 
dissemination of lesions in space when results of MRI studies are normal. 


Figure 14. Brain MRI of a patient with multiple sclerosis. 


Right, axial brain MRI, fluid-attenuated inversion recovery sequence, shows numerous typical 
ovoid lesions of MS (long arrows), many in a periventricular location (short arrow). Right, axial 
T1-weighted brain MRI with gadolinium reveals multiple enhancing lesions (arrows) that 
indicate active MS. 
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Differential Diagnosis of Multiple Sclerosis 


Patients referred to MS clinics may be categorized as having MS, another CNS demyelinating 
disease, a different neurologic disease, a medical or psychiatric disorder, or no disease. More 
than half of patients referred to tertiary MS clinics for diagnostic purposes receive a final 
diagnosis other than MS. The primary reasons for this include the overlap of MS 
symptomatology with that of other disorders and the strong suspicion of MS in patients with 
vague neurologic symptoms who have nonspecific brain MRI results. The emergence of new 
disease-modifying therapies for MS, which are becoming increasingly powerful and are 
associated with uncommon but serious toxicities, mandates accurate and early diagnosis, 
preferably by an experienced neurologist. 


Although MS is the most common sporadic inflammatory demyelinating CNS disease, there are 
others. Neuromyelitis optica causes attacks of recurrent optic neuritis and myelitis with relative 
sparing of the brain and is associated with severe disability early in the disease course. 
Neuromyelitis optica comprises a greater proportion of demyelinating disease in non-white 
populations (blacks, Hispanics, Asians), has a 9:1 female-to-male predominance, and is 
associated with coexisting systemic autoimmunity, such as thyroid or connective tissue disorders 
or serum autoantibodies, including antinuclear antibody. Early detection is paramount because 
the treatment strategy differs from that of MS, as explained later. In addition, the monophasic 
disorder acute disseminated encephalomyelitis is more common in childhood but can occur as a 
postinfectious disorder in adults, typically presenting as a meningoencephalitic syndrome with 
multifocal neurologic symptoms and signs, numerous enhancing brain lesions, and inflammatory 
CSF. Caution is warranted in applying this diagnosis because many patients ultimately relapse 
and follow a course typical for MS. 


A partial list of other neurologic diseases that can mimic features of MS is provided in Table 23. 
Finally, some patients have nonspecific (but numerous) neurologic symptoms in the setting of 
major depression, anxiety or panic disorder, or other psychiatric disorders that, after excluding 
other causes, seem to best explain their syndrome (see MKSAP 15 General Internal Medicine). 


Table 23. Differential Diagnosis of Multiple Sclerosis 


Disorder Notes 
Structural or compressive These disorders typically progress subacutely and do not remit. 
lesions of the brain or spinal They can usually be differentiated from MS with an MRI. 
cord 
Spinal cord compression by 
cervical spondylosis or 
compressive disk disease 
Durally based arteriovenous 
fistula 
Meningioma 
Primary CNS neoplasm 
(glioma, lymphoma) 
Paraneoplastic syndrome This manifests as a progressive, severe ataxia or myelopathy in 


Metabolic disorders 
Vitamin B12 deficiency 
Vitamin E deficiency 
Copper deficiency 
Vascular diseases 


Sporadic and genetic stroke 
syndromes 


CNS vasculitis 


Multisystem inflammatory 
diseases 


Systemic lupus erythematosus 
Sjögren syndrome 
Sarcoidosis 

Behcet syndrome 

Infections 

HIV 

Lyme disease 

Human T-lymphotropic virus 
type 1 

Syphilis 

Migraine 


Medical disorders that cause 
transient neurologic 
dysfunction (diabetes mellitus, 
thyroid disorders) 


the setting of cancer, especially lung or breast carcinoma. 


Spasticity, weakness, and dorsal column dysfunction (vibratory 
and proprioception loss) in the setting of malabsorption suggest 
vitamin B12 or copper deficiency; vitamin E deficiency causes 
ataxia. 


Nonspecific white matter lesions are associated with increased 
age and vascular risk factors. Family history of migraine, early 
stroke, dementia, and mood disorders suggests CADASIL, 
which can be detected with skin biopsy or genetic analysis. 


Known coexisting disease or systemic clues (arthritis, rash, sicca 
syndrome, lymphadenopathy, orogenital ulceration) are evident. 


These infections are associated with myelopathy and can be 
excluded with appropriate laboratory and CSF testing. 


This is associated with nonspecific brain MRI white matter 
abnormalities, which sometimes lead to concern about MS. 


Such diseases cause symptoms (fatigue, paresthesias) that 
sometimes lead to investigations for MS. 


CADASIL = cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy; CNS = central nervous system; CSF = cerebrospinal fluid; MS = multiple 


sclerosis. 
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Clinical Course in Multiple Sclerosis 


The clinical course of MS is used to describe its behavior over time but also to establish 
prognosis and treatment options. Multiple sclerosis begins with a clinical attack in 85% of 
patients. Patients presenting at this stage are diagnosed with a “clinically isolated syndrome,” 


which implies that if their brain MRI shows lesions consistent with demyelination, they have a 
risk of experiencing another attack over the next 10 to 15 years (and, therefore, of having 
confirmed MS) that approaches 90%. If their brain MRI is normal and no other cause is found, 
the risk of future confirmed MS is low but still approaches 20%. Therefore, neurologic follow-up 
is required for all such patients. 


Once there is evidence of “dissemination in time,” either by occurrence of a second clinical 
attack or by development of new demyelinating lesions on serial brain MRIs, a diagnosis of 
relapsing-remitting MS is confirmed (Figure 15). Individual relapses tend to be mild to moderate 
in severity and recover completely (or nearly so) with or without acute therapies. Relapses may 
be triggered by viral or bacterial infections but most occur without an obvious precipitant. 
Women experience a reduced relapse rate during pregnancy and a transient increased rate in the 
first several postpartum months. Over time, relapse frequency declines but so does the degree of 
recovery from individual relapses. Therefore, the risk of residual neurologic impairment from 
attacks increases with disease duration. 


The course of relapsing-remitting MS is notoriously heterogeneous; early in the disease, the 
mean relapse frequency is one event every 12 to 14 months. However, some patients will 
experience a series of severe relapses during the first year despite aggressive treatment, whereas 
others will maintain clinical remission for several years without preventive therapy. 
Unfortunately, there is no validated method to predict outcome for an individual patient at an 
early disease stage. From a population standpoint, adverse prognostic factors include the 
involvement of more than one neurologic system at onset and a relatively high attack frequency 
in the first few years after onset. Disability rating at 5 years after clinical onset is an independent 
predictor of the future disability accrual. Other long-held negative prognostic factors, such as 
male sex and older age at disease onset, have recently been challenged. 


More than two thirds of patients with relapsing-remitting MS eventually develop a secondary 
progressive course, which is defined as the development of gradual neurologic worsening 
without remission. Typically, this manifests as a gradually worsening gait disorder. 
Documentation of objective decline for more than 1 year is required to confidently declare the 
onset of secondary progressive MS. This is an important turning point in the disease because 
once the secondary progressive phase is established, the risk of accumulating permanent 
disability increases markedly, and the effectiveness of current preventive therapies is minimal. 
The rate of progression varies enormously between patients, but important changes are usually 
noted over years rather than weeks or months. 


Fifteen percent of patients with MS experience a gradually progressive disorder, rather than an 
attack, at disease onset (see Figure 15). They are classified as having primary progressive MS. 
This diagnosis may be more difficult to make because the lack of clinical relapses and relative 
paucity of MRI lesions make it harder to establish dissemination in time and space. However, 
diagnostic criteria address this problem by using serial MRI studies and ancillary laboratory 
studies, including CSF analysis and evoked potentials, to provide supportive evidence and 
exclude other disorders. Primary progressive MS develops at a later age (fifth to sixth decade) 
and follows an unremitting course that is remarkably similar to secondary progressive disease in 
pace and clinical phenotype. 


Permanent neurologic disability in progressive MS can take many forms, including dementia, 
visual loss, or ataxia, but in most instances manifests as a gait disorder with weakness and ataxia. 
Most patients who require gait assistance or a wheelchair reach those points as a result of 
progressive disease. The median time from MS onset until conversion to the secondary 
progressive phase ranges from 10 to 15 years, and to reach the point that unilateral gait 
assistance (cane) is required, 15 to 25 years. However, many patients are able to walk with some 
type of assistance for more than 20 years after the progressive phase begins. Multiple sclerosis 
has a minimal effect on expected life-span, but, notably, the risk of suicide is approximately 7 
times higher in those with MS than in control populations. 


Those patients with a diagnosis of MS who do not experience progressive disease have a greater 
chance of being categorized as having “benign MS.” This category, which is defined loosely as 

no or minimal neurologic impairment 15 or more years after MS onset, may encompass as many 
as 20% of all patients. The definition of benign MS is controversial because continued follow-up 
of such patients often uncovers late progressive disease and disability accrual. However, there is 
little doubt that a small minority of patients with MS live a long and essentially unrestricted life. 
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Figure 15. Clinical course of multiple sclerosis. 


Top, course of relapsing-remitting multiple sclerosis (MS). A representation of the intermittent, 
unpredictable, self-limited attacks or exacerbations of neurologic dysfunction lasting days to 


weeks is shown by the darkly shaded areas. Recovery is usually complete (or nearly so) early in 
the course of the disease, as illustrated by the initially slight rise in the lightly shaded (“Residual 
disabilities”) area; repeated attacks (“Acute exacerbations”) typically result in accrual of 
permanent neurologic dysfunction, but the remission phase between attacks is defined by clinical 
stability. About two thirds of patients go on to develop secondary progressive MS, defined by a 
transition to a gradually progressive (unremitting) course of increasing disability (steeper rise in 
the lightly shaded area). Acute relapses may still be superimposed on progression but are less 
frequent than during the relapsing-remitting phase. Bottom, course of primary progressive MS. 
There is a later age of onset of the disease, which begins, by definition, as a progressive disorder 
rather than with a clinical attack. The course of the disease is remarkably similar to that of 
secondary progressive MS. 
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Lifestyle Modifications and General Health Care 


Because many people with MS are deficient in vitamin D and may be at risk for bone loss 
because of reduced mobility, encouragement of dietary supplementation with vitamin D (the 
optimal dose is not established, but 800 U daily is safe) and calcium (1500 mg daily) is 
reasonable. Physical activity, including cardiovascular exercise, strengthening, and stretching, is 
to be encouraged because it increases aerobic fitness and health self-perception and reduces 
fatigue. Temporary re-emergence or worsening of neurologic symptoms with exercise (Uhthoff 
phenomenon) is common, and patients should be told that this physiologic phenomenon does not 
worsen nerve injury or trigger exacerbations. Cooling vests or collars may reduce heat-related 
symptoms in patients who are particularly sensitive to temperature. Planned rest or nap periods 
may assist in fatigue management. 


Patients with MS should follow Centers for Disease Control and Prevention indications for 
routine immunizations, including those for influenza, hepatitis B, varicella, and tetanus; there is 
insufficient evidence for other vaccinations, but clinical experience suggests that they are also 
safe. It is advised to delay immunization for 4 to 6 weeks after an acute MS attack, and live 
vaccines should not be administered to patients with MS who are on immunosuppressive 
therapies, such as mitoxantrone. 
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Treatment of Acute Exacerbations 


Patients should be educated about the typical symptoms and temporal profile of relapses. 
Pseudorelapses, or temporary worsening of neurologic symptoms, may occur in the setting of 
systemic infection, possibly because of the effects of fever. If there is uncertainty about whether 
new symptoms represent a true MS relapse or a pseudorelapse, investigation for occult infection 
is warranted with evaluation for urinary tract infection and history- and examination-directed 
laboratory tests, if deemed necessary. Successful treatment of the infection or supportive care, 
such as antipyretics for a viral upper respiratory tract infection, will be followed by neurologic 
improvement. True MS relapses that have no or minimal impact on function may simply be 
observed. If functional status (vision, strength, balance, or coordination) is impaired, intravenous 
methylprednisolone, | g/d for 3 to 5 days, may be used to speed recovery, although it does not 
alter the ultimate degree of recovery. A 10- to 14-day oral prednisone taper is optional after 
completion of intravenous therapy. Severe corticosteroid-refractory relapses of demyelinating 
disease (MS or neuromyelitis optica) may respond to rescue therapy with plasmapheresis. 
Physical, occupational, or speech therapy may be necessary to enhance adaptation during the 
recovery period, depending on the type, severity, and therapeutic responsiveness of the relapse. 
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Disease-Modifying Therapies 


There are currently six disease-modifying MS therapies approved by the U.S. Food and Drug 
Administration (Table 24). All have immunomodulatory or immunosuppressive properties and 
reduce relapse rate, relapse severity, and the accumulation of lesions as determined by MRI. 
These therapies vary substantially regarding route and frequency of administration and potential 
toxicity, factors which influence patients' preferences and initial choice of therapy. There are no 
predefined treatment durations, except for mitoxantrone, which is limited by cumulative dose- 
related cardiotoxicity. Therefore, most patients continue on a preventive therapy as long as they 
tolerate it well and experience little or no breakthrough disease activity. 


Three of the drugs are interferon preparations that, among other effects, appear to protect the 
blood-brain barrier. Interferon beta-1a is administered intramuscularly once weekly (Avonex®) 
or subcutaneously three times weekly (Rebif®), whereas interferon beta-1b (Betaseron®) is 
administered subcutaneously every other day. More frequently administered preparations may 
have somewhat greater efficacy, according to MRI findings. Each of the drugs reduces the risk of 
relapse by about one third and modestly slows disability progression. Interferon beta-1la and 
interferon beta-1b are also indicated for delay of a second clinical attack in patients with a 
clinically isolated syndrome and brain lesions on MRI. The development of persistent 
neutralizing antibodies likely interferes with interferon efficacy, but there is not yet consensus 
regarding use of this information in clinical decision-making. 


Glatiramer acetate (Copaxone®) is administered by daily subcutaneous injection; it consists of 
the acetate salts of four amino acids and is thought to modulate immune responses relevant to 
MS pathophysiology. Glatiramer acetate is well tolerated and reduces the relapse rate by 
approximately one third. 


Mitoxantrone, a general immunosuppressant, is approved for worsening relapsing-remitting or 
secondary progressive MS. There is a risk of cumulative dose-dependent cardiotoxicity, limiting 
treatment to 2 years with the standard protocol of quarterly infusions. Mitoxantrone should not 
be used in patients with a baseline ejection fraction of less than 50% and should be discontinued 
if cardiac symptoms or signs emerge during therapy or if the ejection fraction decreases by more 
than 10% or goes below 50%. Posttherapy leukemia risk has been reported to be as high as 0.4%. 
Mitoxantrone is typically used for rapidly worsening disease that has not responded to other 
therapies. 


Natalizumab (Tysabri®) is a monoclonal antibody that targets a4 integrin and interferes with the 
transendothelial migration of lymphocytes into the CNS. Administered intravenously every 4 
weeks, natalizumab is associated with a two-thirds reduction in relapse rate and a 40% reduction 
in disability progression rate. However, the emergence of three cases of progressive multifocal 
leukoencephalopathy, an often fatal opportunistic JC-virus CNS infection, in MS and Crohn 
disease trials that included approximately 3000 patients (risk of one case of progressive 
multifocal leukoencephalopathy per 1000 treated patients over 18 months of treatment) led to 
brief market withdrawal of the drug. It was reapproved in 2006 with a rigorous surveillance plan 
and guidelines for use, including restriction to relapsing-remitting disease and avoidance of 
concomitant immunosuppressive therapies. Natalizumab is generally used as a second-line agent 
for significant breakthrough disease despite use of other therapies or when there is an inability to 
tolerate such therapies. 


Treatments for progressive forms of MS have limited or no efficacy. Interferon drugs appear to 
influence the course of secondary progressive MS for patients who continue to have 
superimposed relapses, but trials of interferons and glatiramer acetate for primary progressive 
MS have shown no benefit. These progressive forms of MS require different therapeutic 
strategies aimed at slowing neurodegenerative mechanisms. Preventive therapy for neuromyelitis 
optica involves immunosuppression with agents such as azathioprine or rituximab. 


Table 24. Drug Treatment for Multiple Sclerosis 


Agent Notes 
Interferon beta-la Immunomodulatory 
and interferon beta- Reduction in relapse rate and accrual of neurologic disability 


Flu-like symptoms, fatigue, injection site reactions, liver chemistry 


abnormalities, depression 
Dosing depends on specific agent used 


Pre- and postinjection acetaminophen or NSAIDs may reduce flu-like 
symptoms. 


Glatiramer acetate 


Natalizumab 


Mitoxantrone 


Corticosteroid 


Monitoring of CBC and liver chemistry is required every 6 months 
FDA class C drug—should not be used during pregnancy or lactation 
Immunomodulatory 

Reduction in relapse rate 

Injection site reactions 

Rare systemic symptoms (dyspnea/panic attack—like syndrome) 

No laboratory monitoring is required 

FDA class B drug—safety in pregnancy or lactation is not established 
Selective adhesion molecule inhibitor 

Reduction in relapse rate 


Boxed warning: indeterminate risk of progressive multifocal 
leukoencephalopathy 


Headache, back pain, 1.3% incidence of infusion reaction, 0.8% incidence 
of anaphylactoid reaction 


Only patients, treating physicians, infusion centers, and pharmacies that 
are enrolled in a restricted distribution prescribing program known as 
TOUCH are authorized to prescribe, distribute, or infuse natalizumab 


FDA class C drug—should not be used during pregnancy or lactation 
Immunosuppression 


Reduction in relapse rate; disease stabilization in rapidly progressive 
disease 


Boxed warnings: cardiotoxicity and secondary acute myeloid leukemia 


Immunosuppression risks, infection, nausea, mouth sores, mild alopecia, 
menstrual irregularities; urine may temporarily be colored blue 


Monitoring of cardiac ejection fraction (with echocardiography or 
multigated radionuclide angiography) is required before each dose 


FDA class D drug—has well-documented fetal risk 
Immunomodulatory 
Speeds recovery from MS exacerbations 


Insomnia, flushing, metallic taste, fluid retention, electrolyte 
abnormalities, hyperglycemia 


CBC = complete blood (cell) count; FDA = U.S. Food and Drug Administration; MS = multiple 


sclerosis. 


Adapted from Wingerchuk DM. Multiple sclerosis. 
pier.acponline.org/physicians/diseases/d468/drug.tx/d468-s7.html (login required). In PIER 


(online database). Philadelphia: American College of Physicians, 2008. Accessed January 15, 


2009. 
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Symptomatic Management 


At all stages of MS, effective symptom management can provide improved quality of life. 
Specific drugs used to treat disease-associated symptoms are generally empiric and not based on 
randomized controlled studies, except in a few cases. 


Fatigue is a common but nonspecific symptom. Exclusion of anemia, sleep disorders, 
hypothyroidism, and other medical conditions is required. Adequate rest, regular physical 
exercise, and treatment with stimulant drugs, such as amantadine or modafinil, can be helpful. 


Depression commonly coexists with MS, and the risk of suicide is elevated compared with the 
general population. Mood should be regularly assessed with a standard screening instrument, and 
contributing factors (such as medications) should be eliminated, if possible. Psychological 
support and pharmacologic therapy may be required. 


Neuropathic pain, especially involving the lower extremities, is very common and may require 
tricyclic antidepressants, gabapentin, pregabalin, duloxetine, analgesics, or other agents. 
Trigeminal neuralgia responds to carbamazepine or gabapentin, but patients with refractory pain 
may require surgical intervention, such as glycerol or radiofrequency rhizotomy. 


Spasticity, spasms, and cramping usually respond to a combination of physical therapy 
(stretching) and oral antispasticity drugs, such as baclofen, tizanidine, or clonazepam. Patients 
with severe and refractory symptoms may require trials of botulinum toxin injections or an 
intrathecal baclofen pump. 


Urinary urgency and frequency with occasional incontinence may be managed with timed 
voiding, avoidance of caffeine, and judicious use of anticholinergic drugs, such as oxybutynin or 
tolterodine, as long as the postvoid residual urine volume is less than 100 mL. Patients with 
mixed symptoms (urgency and incomplete bladder emptying), pelvic or bladder pain, or 
hematuria should be referred to a urologist. 
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Neuromuscular Disorders 


Peripheral Neuropathies 
Amyotrophic Lateral Sclerosis 
Neuromuscular Junction Disorders 


Myopathy 


Key Points 


Typical findings on neurologic examination in patients with a peripheral neuropathy 
include sensory loss, muscle weakness, and reduced or absent deep tendon reflexes in the 
distal extremities. 

Small-fiber nerves cannot be detected by routine electromyography and may be best 
assessed with skin biopsy or autonomic nerve studies. 

In patients with suspected median and ulnar neuropathy, electromyographic studies are 
necessary to establish the diagnosis, determine severity, and diagnose other diseases 
(such as cervical radiculopathy) that may be subclinical. 

Ulnar neuropathy causes numbness of the fourth and fifth fingers and, occasionally, 
weakness of the hand. 

Treatment of Bell palsy should include corneal protection and, if the patient is seen 
within 72 hours of symptom onset, oral prednisone. 


Distal sensorimotor peripheral neuropathy is the most common type of neuropathy in 
patients with diabetes mellitus. 

All patients with small-fiber peripheral neuropathy should be screened for diabetes 
mellitus by measurement of their fasting plasma glucose level and, if normal or 
minimally elevated, a 2-hour glucose tolerance test. 

Patients with Guillain-Barré syndrome, characterized by limb weakness, sensory loss, 
and reduced or absent deep tendon reflexes on neurologic examination, require treatment 
with either intravenous immune globulin or plasma exchange; corticosteroids are not 
effective. 

Patients with chronic inflammatory demyelinating polyradiculoneuropathy have chronic 
symptoms and signs similar to the acute ones of Guillain-Bathé syndrome and require 
long-term immune-modulating therapy. 

Corticosteroids and neuromuscular junction—blocking agents should be avoided in 
patients with critical illness neuropathy. 

Neuropathic pain, which is common in patients with peripheral neuropathy, typically 
affects the distal extremities and is often worse at night. 

Both upper and lower motoneuron findings are present in patients with amyotrophic 
lateral sclerosis. 

Bilevel positive airway pressure and percutaneous endoscopic gastrostomy tube 
placement, when indicated, have been shown to prolong survival and improve quality of 
life in patients with amyotrophic lateral sclerosis. 

Approximately 85% of patients with myasthenia gravis have antibodies directed against 
the acetylcholine receptor. 

CT scan of the chest should be performed in patients with myasthenia gravis to exclude 
the presence of a thymoma. 

Treatment of patients with myasthenia gravis is based on symptom distribution and 
severity and includes pyridostigmine and usually the addition of immune-modulating 
agents. 

At least 50% of patients diagnosed with Lambert-Eaton myasthenic syndrome ultimately 
develop a malignancy, most commonly small cell lung cancer. 

Corticosteroid-induced myopathy is the most common endocrine-related muscle disorder. 
Electromyography findings and serum creatine kinase levels are normal in patients with 
corticosteroid-induced myopathy. 

Proximal limb weakness is a common but correctable finding in patients with myopathy 
and hyperthyroidism, hypothyroidism, hyperparathyroidism, or vitamin D deficiency. 
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Peripheral Neuropathies 


Peripheral neuropathies are common disorders that may involve a single nerve 
(mononeuropathy), two or more nerves in different sites (mononeuropathy multiplex), or many 
nerves over a wide area, which causes a more generalized disorder (polyneuropathy). 
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General Findings and Diagnosis 


At presentation, patients with a peripheral neuropathy typically have sensory symptoms, such as 
numbness and tingling, burning or lancinating pain, weakness, and unsteady gait. Symptoms 
most commonly involve the distal extremities, particularly the feet. With increasing disease 
severity, signs and symptoms may become more profound and progress to involve the proximal 
extremities. The most common categories of peripheral neuropathies are listed in Table 25. 


Evaluation requires a review of symptom distribution; time course; medical, medication, and 
family history; and any associated autonomic symptoms, such as orthostatic hypotension, 
constipation, and early satiety. Typical findings on neurologic examination include sensory loss, 
muscle weakness, and reduced or absent deep tendon reflexes in the distal extremities. The 
history and neurologic examination help determine the cause of a suspected peripheral 
neuropathy and guide the diagnostic evaluation. 


Routine laboratory studies include a complete blood count, measurement of erythrocyte 
sedimentation rate and serum vitamin By and fasting plasma glucose levels, and serum 
immunofixation. Electromyography (EMG) helps confirm the diagnosis and characterize the 
type (axonal or demyelinating), severity, and distribution of the neuropathy. Additional 
laboratory studies, such as cerebrospinal fluid (CSF) examination and nerve or skin biopsies, 
may be necessary. CSF examination should be considered in patients with acute, severe, or 
rapidly progressive neuropathy and in those with a demyelinating neuropathy. Sural nerve biopsy 
is most typically performed in patients with suspected vasculitis or amyloidosis. Skin biopsy may 
be necessary to diagnose a small-fiber neuropathy, given that EMG is often normal in this 
condition. Small fiber neuropathies often present with painful sensory symptoms, such as 
burning, dysesthesias, paresthesias, and autonomic symptoms and signs, without significant 
motor weakness. Autonomic testing may also be performed in patients with a suspected small- 
fiber neuropathy or in patients with symptoms suggestive of dysautonomia. This testing typically 
includes tests of sudomotor (sweating), cardiovagal (heart rate change with Valsalva or deep 
breathing), and cardiovascular adrenergic (blood pressure response with tilt-table testing) 
function. 


Table 25. Clinical Correlates of Peripheral Neuropathy 


Classification Signs and Symptoms Major Diagnostic Considerations 
Mononeuropathy multiplex Subacute asymmetric motor Vasculitis 
and sensory impairment 
Diabetes mellitus 
Sensory neuropathy Severe pansensory loss Sjögren syndrome 
(sensory ataxia) 
Paraneoplastic syndrome 


Copper deficiency 


Autonomic neuropathy Orthostatic hypotension 
Constipation 
Early satiety 


Erectile dysfunction 


Small-fiber neuropathy Burning extremity pain 
without weakness 


Normal reflexes 


Acquired sensorimotor Distal sensory loss and 
neuropathy diminished reflexes 


Distal extremity weakness 


Hereditary sensorimotor High arches 
neuropathy 
Hammer toes 


Family history 
Polyradiculoneuropathy Severe weakness 


Sensory loss 


Areflexia 


Motor neuropathy Asymmetric weakness 


Muscle atrophy 
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Mononeuropathies 


Celiac disease 
Amyloidosis 


Diabetes mellitus 


Paraneoplastic syndrome 


Diabetes mellitus 
Impaired glucose tolerance 
Sjögren syndrome 


Familial burning feet syndrome 
Diabetes mellitus 


Monoclonal gammopathy 


Toxic (chemotherapy) 
Charcot-Marie-Tooth disease 


Familial amyloidosis 


Guillain-Barré syndrome 


Chronic inflammatory demyelinating 


polyradiculoneuropathy 


Amyloidosis 
Multifocal motor neuropathy 


Motoneuron disease 


Median and ulnar neuropathies are the most common mononeuropathies and are typically due to 
compression of these nerves at the wrist and elbow, respectively. Carpal tunnel syndrome, for 
example, refers to median nerve compression at the wrist in the carpal tunnel. This syndrome is 
associated with paresthesias and occasionally with pain or weakness involving the fingers. 
Examination may show sensory loss over the palmar surface of the first three digits and 
weakness of abduction and opposition of the thumb. The paresthesias are often worse at night or 
when holding a book or steering a car. EMG is essential to confirm the diagnosis, to exclude 
other subclinical disorders, and to establish disease severity. Conservative treatment options 
include wrist splints and corticosteroid injections. Surgery should be considered in patients with 
severe sensory loss, hand weakness, moderate to severe EMG findings, or failure to respond to 
conservative therapy. 


Ulnar neuropathy causes numbness of the fourth and fifth fingers and, when severe, may cause 
weakness of interosseous muscles. EMG should be performed to localize the site of ulnar nerve 
impairment and to document severity. The elbow is the most frequent site of compression. 
Patients are initially managed conservatively with a splint that can be used during sleep and 
instructions to avoid resting the elbow on furniture and other objects or to use an elbow pad. 
When conservative measures fail, surgical options include either decompression or translocation 
of the ulnar nerve. 


Bell palsy refers to paralysis of the facial nerve causing weakness of ipsilateral facial muscles. 
Mounting evidence implicates human herpesvirus | in the pathogenesis of this condition. 
Symptoms typically begin suddenly and peak over 1 to 2 days. Paralysis of the upper and lower 
face distinguishes Bell palsy from stroke, which affects only lower facial muscles (sparing the 
forehead and eye) when associated with facial paralysis. Most patients experience excellent 
recovery, although as many as 30% of patients may have poor recovery. Treatment involves eye 
patching and lubrication to protect the cornea. A recently reported randomized, double-blind, 
placebo-controlled trial showed improved outcome in patients treated with prednisone within 72 
hours of symptom onset. Evidence-based studies have not clearly demonstrated benefit with 
antiviral therapy. 
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Brachial Plexopathy 


The brachial plexus is responsible for sensory and motor innervation of the entire upper limb. 
Conditions that can impair brachial plexus function include trauma, radiation, carcinomatous 
infiltration, and neuralgic amyotrophy. Neuralgic amyotrophy, or Parsonage-Turner syndrome, is 
a self-limited, idiopathic, inflammatory disorder of the brachial plexus. Severe shoulder and arm 
pain is typically followed by sensory loss and weakness of the upper limb. EMG studies confirm 
the diagnosis. Corticosteroid therapy can be helpful for pain. 
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Polyneuropathies 


Neuropathies of Diabetes Mellitus and Impaired Glucose Tolerance 
Hereditary Neuropathies 


Polyradiculoneuropathies 
Critical Illness Neuropathy 
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Neuropathies of Diabetes Mellitus and Impaired Glucose 
Tolerance 


Diabetes mellitus is associated with several different neuropathies (Table 26). More than one 
type may exist in the same patient. The most common is a distal sensorimotor peripheral 
neuropathy. Patients may be asymptomatic but typically report numbness, tingling, and often 
lancinating or burning foot pain. Median and ulnar mononeuropathies are also common in 
patients with diabetes. Involvement of autonomic nerves can occur in patients with long-standing 
diabetes. 


Diabetic lumbosacral radiculoplexus neuropathy (diabetic amyotrophy) is a severe form of 
neuropathy in patients with mild or early diabetes and may even occur in those with previously 
undiagnosed diabetes. Patients typically present with weight loss, unilateral leg pain (often 
severe), numbness, proximal weakness, and atrophy. Signs and symptoms develop over weeks, 
may progress over several months, and may later involve the contralateral leg or even the arms. 


Small-fiber peripheral neuropathy frequently develops in patients with diabetes and in those with 
impaired glucose tolerance. Symptoms include numbness, tingling, and burning or lancinating 
foot pain. All patients with a small-fiber peripheral neuropathy should be screened for diabetes. 
This should include measurement of fasting plasma glucose level, hemoglobin Aj, 
determination, and (if these values are normal or only minimally elevated) a 2-hour glucose 
tolerance test. 


Table 26. Peripheral Nerve Manifestations of Diabetes 
Mellitus 


Classification Signs and Symptoms 
Sensorimotor peripheral neuropathy Distal sensory loss and weakness 


May cause pain 


May be asymptomatic 
Radiculopathy Sensory loss 


Weakness in distribution of nerve root(s) 
Mononeuropathy Sensory loss 


Weakness in distribution of single nerve, most 
often the median or ulnar nerve 


Autonomic neuropathy Orthostatic hypotension 
Constipation 
Early satiety 


Erectile dysfunction 


Diabetic lumbosacral radiculoplexus Severe pain, weakness, and sensory loss 
neuropathy (diabetic amyotrophy) 
Weight loss 


Autonomic symptoms common 
Small-fiber neuropath Burning extremity pain without weakness 
pathy 8 yp 
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Hereditary Neuropathies 


Although hereditary neuropathies are a common cause of peripheral neuropathy, establishing a 
diagnosis is often challenging. Patients are frequently unaware of their family medical history; 
neuropathy in family members may have been misdiagnosed, or family members may have died 
before a hereditary neuropathy was recognized. De novo mutations are also common. The 
hereditary neuropathies can be broadly categorized as hereditary small-fiber neuropathies, 
Charcot-Marie-Tooth disease, and familial amyloidosis. 


Patients with hereditary small-fiber neuropathy typically have burning or lancinating pain in the 
feet, which can progress to involve the legs and hands. They may also have signs and symptoms 
of dysautonomia. EMG findings are often normal. Conditions to consider include autosomal 

dominant burning feet syndrome, hereditary sensory autonomic neuropathies, and Fabry disease. 


Patients with Charcot-Marie-Tooth disease typically present with distal extremity weakness, an 
unsteady gait, and numbness. These patients do not develop neuropathic pain symptoms and 
typically have high arches, hammer toes, and distal leg atrophy (Figure 16). EMG is important 
to determine whether axonal or demyelinating neuropathy is present because genetic testing is 
generally commercially available for the demyelinating but not the axonal forms of Charcot- 


Marie-Tooth disease. Treatment is supportive, including bracing (for example, an ankle-foot 
orthosis) when indicated. 


Figure 16. Inherited neuropathy. 


Distal leg atrophy (/eft) and a high arch and hammer toe (right) in a patient with an inherited 
neuropathy, in this case Charcot-Marie-Tooth disease, are shown. 
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Polyradiculoneuropathies 


Guillain-Barré syndrome and chronic inflammatory demyelinating polyradiculoneuropathy 
(CIDP) involve an inflammatory process directed against both nerve roots and peripheral nerves. 
Guillain-Barré syndrome is an acute disorder (symptoms peak within 4 weeks), and CIDP is 
more chronic (symptoms must be present for at least 8 weeks for a diagnosis). The distinction 
between acute and chronic forms is important because Guillain-Barré syndrome is a self-limited 
disorder, whereas patients with CIDP require ongoing immune-modulating therapy. 
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Guillain-Barré Syndrome 


At presentation, patients with Guillain-Barré syndrome have numbness, weakness, unsteady gait, 
and often neuropathic pain in the extremities. Most patients have a preceding history of infection, 
trauma, or surgery. The most frequent precipitating factor is Campylobacter jejuni infection that 


causes a diarrheal syndrome. Findings on neurologic examination typically include limb 
weakness, sensory loss, and reduced or absent deep tendon reflexes. Bulbar and respiratory 
muscle weakness may impair speaking and swallowing functions and result in respiratory failure. 
Dysautonomia develops in 20% of patients, most often in those with severe, generalized 
weakness and respiratory failure. Signs and symptoms of dysautonomia include cardiac 
arrhythmias, marked blood pressure instability, and constipation. 


All patients with suspected Guillain-Barré syndrome should be hospitalized for urgent evaluation 
and ongoing observation. Initial evaluation requires EMG, CSF examination, and pulmonary 
function testing (including measurement of maximal inspiratory and expiratory pressures). The 
EMG typically shows a predominantly demyelinating process. Typical CSF findings include a 
normal glucose level and cell count and an elevated protein concentration; presence of CSF 
pleocytosis in patients with suspected Guillain-Barré syndrome should prompt consideration of 
other diagnoses, such as HIV, cytomegalovirus, West Nile virus infection, or other infectious or 
inflammatory processes. 


Treatment of Guillain-Barré syndrome includes either intravenous immune globulin or plasma 
exchange. Intravenous immune globulin, 0.4 g/kg, is given once daily for 5 consecutive days, 
and plasma exchange involves five exchanges of 200 mL/kg over 10 days. Both treatments are 
equally effective. Corticosteroids are not effective. Supportive therapies are crucial, including 
respiratory and cardiovascular monitoring, venous thrombosis prophylaxis, physical and 
occupational therapy, and bowel care. 


The overall prognosis in patients with Guillain-Barré syndrome is good, with 80% of patients 
achieving recovery with little or no disability. Poor prognostic features include the need for 
mechanical ventilation, axonal findings on EMG, and rapidly progressive weakness. 
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Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy 


At presentation, patients with CIDP have symptoms similar to those of patients with Guillain- 
Barré syndrome, but the symptoms are chronic (of at least 8 weeks in duration). Symptoms may 
be progressive or relapsing-remitting. Diagnostic evaluation includes EMG, CSF examination, 
and, occasionally, nerve biopsy. 


Patients require long-term immune-modulating therapy with prednisone, mycophenolate mofetil, 
azathioprine, or cyclosporine. A brief or ongoing course of intravenous immune globulin may 
also be helpful. Plasma exchange may be tried in patients with severe CIDP to attempt to induce 
or sustain remission. 
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Critical Illness Neuropathy 


Neuropathy develops in as many as 50% to 70% of patients with sepsis. Critical illness 
neuropathy is typically recognized when a patient is unable to be weaned from mechanical 
ventilation or when severe, generalized weakness of the extremities develops during or after 
recovery from a critical illness. 


A complete history, neurologic examination, and EMG are required to exclude other disorders 
that can present similarly, particularly given that the neurologic examination in these critically 
ill, often encephalopathic patients may be limited. The specific EMG finding in critical illness 
neuropathy is an axonal sensorimotor peripheral neuropathy. There is growing consensus that 
most patients with critical illness neuropathy also have a myopathy of critical illness or a critical 
illness neuromyopathy. 


Once the diagnosis of critical illness neuropathy is suspected, corticosteroids and neuromuscular 
junction—blocking agents are contraindicated because they may play a role in pathogenesis. 
Treatment is supportive and includes ongoing physical and occupational therapy. 


The severity of critical illness neuropathy is associated with length of stay in the intensive care 
unit, elevated plasma glucose levels, and decreased serum albumin levels. Prognostic data are 
limited, but at least one third of patients may have significant residual weakness. 
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Treatment of Neuropathic Pain 


Neuropathic pain is common in patients with peripheral neuropathy. It is usually described as a 
burning or lancinating pain that typically affects the distal extremities and is often worse at night. 


Physical measures, such as soaking the affected area in warm or cold water, may be helpful. 
Many different medications are used to treat neuropathic pain. Topical agents, such as lidocaine 
patches and capsaicin cream, may be helpful and do not cause systemic side effects. Tricyclic 
antidepressants, such as amitriptyline and nortriptyline, are first-line agents but can cause 
excessive sedation, orthostatic hypotension, and weight gain. Gabapentin, pregabalin, and 
duloxetine are newer agents that may be helpful and are now considered first-line agents. 
Tramadol is a nonnarcotic, centrally acting, second-line agent that is often used adjunctively to 
decrease pain. Mexiletine, carbamazepine, and lamotrigine are third-line agents. Some patients 
may require more than one drug for pain control. Although somewhat controversial, opioid 
medications may be needed to treat some patients. Patients with refractory pain may benefit from 
oral medications that have a different mechanism of action (such as a tricyclic antidepressant in 
conjunction with an anticonvulsant agent). 
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Amyotrophic Lateral Sclerosis 


Amyotrophic lateral sclerosis (ALS) is a relentlessly progressive motoneuron disorder with an 
estimated incidence of two cases per 100,000 persons. Most cases are acquired or sporadic, but 
some (about 10%) are inherited. Approximately 20% of patients with inherited ALS have a 
mutation in the superoxide dismutase gene. Superoxide dismutase is an important mediator in 
free-radical pathways, and mutations in this gene may lead to excessive free-radical damage to 
anterior horn cells. 


Patients with ALS typically report progressive painless weakness, atrophy, and fasciculations 
beginning in an arm or leg. Patients do not have sensory loss, pain, or impairment in bowel and 
bladder function. In addition to lower motoneuron signs of atrophy and fasciculations, upper 
motoneuron signs, such as hyperreflexia and extensor plantar responses, are also typically seen. 
Approximately 20% of patients have bulbar-onset ALS, characterized by slurred speech, 
difficulty swallowing, and emotional lability. As ALS progresses, patients develop weight loss 
and respiratory insufficiency. The presence of cognitive impairment, specifically frontotemporal 
dementia, is being increasingly recognized in some patients (see Dementia). 


Findings on neurologic examination include limb weakness, fasciculations, atrophy, brisk deep 
tendon reflexes, and extensor plantar responses. Signs of bulbar impairment (such as slurred 
speech), tongue atrophy, and fasciculations may also be evident. 


MRI of the brain and spinal cord should be performed to exclude a structural lesion. EMG is 
essential to rule out other disorders and to establish the extent and severity of denervation. 
Pulmonary function tests and overnight pulse oximetry studies can establish the presence of 
respiratory insufficiency. Patients with bulbar signs or symptoms require evaluation of 
swallowing function. 


Management is symptom based, and referral to a multidisciplinary ALS clinic for ongoing care 
and support is beneficial. Riluzole, a glutamate antagonist, is the only medication approved by 
the U.S. Food and Drug Administration for treatment of ALS and has been shown in clinical 
trials to slow the decline of muscle weakness and prolong survival by a median of 83 days. 


Use of noninvasive positive-pressure ventilation with bilevel positive airway pressure has also 
been shown to prolong survival and improve quality of life. In addition to symptoms of nocturnal 
hypoventilation, indications for ventilatory support include a forced vital capacity of less than 
50%, nocturnal oxygen saturation of less than 90% for more than 1 minute, maximal inspiratory 
pressure of less than 60 cm H20, and maximal expiratory pressure of less than 30 cm H20. 
Placement of a percutaneous endoscopic gastrostomy tube has also been shown to improve the 
quality of life in patients with ALS. Such tube placement should be considered when patients 
experience a 10% or greater weight loss, require 30 minutes or more to finish a meal, or have 
episodes of coughing and choking when eating. 


Excessive salivation can be treated symptomatically with anticholinergic agents, such as 
glycopyrrolate, amitriptyline, and benztropine. When oral medications are ineffective, injection 
of botulinum toxin into the parotid or submandibular glands can be considered. Excessive 


emotional lability can be treated with either tricyclic antidepressants or selective serotonin 
reuptake inhibitors. Augmentative and alternative communication devices can help preserve 
communication when speech becomes unintelligible. 
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Neuromuscular Junction Disorders 


Disorders of neuromuscular junction transmission should be considered in patients with painless 
proximal limb weakness and in those with bulbar symptoms, such as diplopia, ptosis, dysarthria, 
and dysphagia. Myasthenia gravis and Lambert-Eaton myasthenic syndrome are the primary 
neuromuscular junction disorders. 


PreviousNext 


Myasthenia Gravis 


Myasthenia gravis is caused by an immune-mediated attack on postsynaptic neuromuscular 
junctions. Approximately 85% of patients have antibodies directed against the acetylcholine 
receptor. Among patients without acetylcholine receptor antibodies, approximately 50% have 
antibodies directed against muscle-specific kinase receptors. Patients with the disease but 
without detectable antibodies against any of these receptors are considered to have seronegative 
myasthenia gravis. 


Myasthenia gravis is estimated to occur in 140 per million persons in the United States. There 
are two recognized forms: ocular and generalized. The ocular disorder is less common and 
occurs in approximately 10% of patients. Some patients who initially have only ocular symptoms 
ultimately develop the generalized disorder. Generalized myasthenia gravis can affect either sex 
at any age but typically begins in the third and fourth decades in women and after age 50 in men. 


Signs and symptoms in patients with ocular myasthenia gravis include fatigable blurring of 
vision, binocular diplopia, and ptosis. Patients with generalized myasthenia gravis typically 
report limb weakness, diplopia, slurred speech, dysphagia, and dyspnea. Findings on neurologic 
examination include ptosis, impaired ocular motility, and limb weakness that increases with 
repeated testing (fatigable weakness). Deep tendon reflexes and the sensory examination are 
normal. 


Diagnostic evaluation includes screening assays for acetylcholine antibodies and, if negative, 
testing for muscle-specific kinase antibodies. Serum thyroid-stimulating hormone levels should 
also be measured because of the association of myasthenia gravis with autoimmune thyroid 
disorders. EMG studies, including repetitive nerve stimulation studies, help to exclude other 
conditions and confirm the diagnosis. Single-fiber EMG is the most sensitive diagnostic test. 


Once the diagnosis is confirmed, a CT scan of the chest should be performed to exclude a 
thymoma, which is present in up to 15% of patients. 


Treatment of myasthenia gravis is based on symptom distribution and severity. Pyridostigmine, 
an acetylcholinesterase inhibitor, is usually given as first-line therapy (Table 27). Patients with 
mild ocular or generalized myasthenia gravis may not require additional immune-modulating 
agents, at least initially. Some patients may experience a transient worsening of myasthenic 
symptoms when first placed on corticosteroids. Prednisone plus mycophenolate mofetil, 
azathioprine, cyclosporine, or rituximab is used to induce or sustain remission. Those with 
significant bulbar dysfunction, respiratory impairment, or severe limb weakness may benefit 
from plasma exchange, given as five exchanges over 10 days. Thymectomy is indicated in 
patients with CT evidence of thymoma and may be considered in patients younger than 50 years 
of age without thymoma. 


Table 27. Treatment of Myasthenia Gravis 


Drug Classification Medication or Procedure 
Immediate Pyridostigmine 
Intermediate Plasma exchange 
Intravenous immune globulin 
Prednisone 
Long-term Mycophenolate mofetil 
Azathioprine 
Rituximab 
Cyclosporine 
Thymectomy 


“Medications are classified on the basis of the time to clinical effect. 
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Lambert-Eaton Myasthenic Syndrome 


Lambert-Eaton myasthenic syndrome is a rare neuromuscular junction transmission disorder 
caused by antibodies directed against presynaptic voltage-gated P/Q-type calcium channels. This 
syndrome occurs in 5% of patients who have small cell lung cancer and also in patients with 
other cancers. The diagnosis of a cancer frequently follows the diagnosis of Lambert-Eaton 
myasthenic syndrome. 


Patients typically report progressive proximal limb weakness, and most have symptoms of 
dysautonomia, such as dry eyes, dry mouth, constipation, and erectile dysfunction. Lambert- 
Eaton myasthenic syndrome should be considered in any patient with findings of proximal limb 
weakness and absent deep tendon reflexes on neurologic examination. Facilitation (improvement 
of deep tendon reflexes and muscle strength after brief isometric exercise) may also be noted on 
neurologic examination. EMG testing and positive assays for P/Q-type calcium channel 
antibodies establish the diagnosis. 


Patients with newly diagnosed Lambert-Eaton myasthenic syndrome but without a known 
malignancy should undergo evaluation for occult cancer, because at least 50% will ultimately 
develop a malignancy (mostly small cell lung cancer). CT scans of the chest, abdomen, and 
pelvis should be performed in all patients, and if results are normal, whole-body positron 
emission tomography should be performed. Treatment consists of pyridostigmine and 3,4- 
diaminopyridine; the latter is available on a compassionate-use basis at some institutions in the 
United States. 
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Myopathy 


Myopathy should be suspected in patients with a history of progressive limb weakness but 
without signs or symptoms of sensory loss. Most myopathies primarily affect proximal limb 
muscles, but some myopathic disorders may severely affect specific muscle groups (for example, 
finger flexor and quadriceps muscle weakness in inclusion-body myositis). Whereas motoneuron 
disorders typically begin asymmetrically, most myopathies cause symmetric limb weakness. 
Although many patients with a myopathy report fatigue, the presence of markedly fluctuating, 
fatigue-induced weakness is not typical and should suggest a neuromuscular junction disorder. 


Muscle pain is not typical in most myopathic disorders and should prompt consideration of other 
conditions. However, specific myopathic disorders that may be associated with muscle pain 
include toxic myopathies, myotonic dystrophy, metabolic myopathies, infectious myositis, and 
infiltrative myopathies, such as amyloidosis and sarcoidosis. Because acquired myopathies do 
not typically cause significant facial muscle dysfunction, a neuromuscular junction disorder 
should be considered in a patient with a history of ocular symptoms or facial muscle weakness. 
Certain inherited myopathic disorders, including oculopharyngeal muscular dystrophy, 
facioscapulohumeral dystrophy, and certain mitochondrial myopathies, can prominently affect 
ocular or facial muscles. 


Age of symptom onset and rate of progression are important historical features. A rapidly 
progressive myopathic disorder suggests an inflammatory myopathy, such as polymyositis or 
dermatomyositis, whereas a chronic, slowly progressive disorder is typical of an inherited 
myopathy. 


Myopathic disorders are frequently associated with involvement of other organ systems. For 
example, the presence of a typical rash in conjunction with proximal limb weakness suggests 


dermatomyositis. Cardiac disease, including arrhythmias and cardiomyopathy, is also common in 
many types of muscular dystrophy, and patients with a myopathy known to cause cardiac disease 
require screening. Cataracts and frontal balding are common features in patients with myotonic 
dystrophy. 


EMG is necessary to help confirm the presence of a myopathy, exclude neuromuscular junction 
disorders, and establish the distribution and severity of disease. EMG is helpful to guide the 
selection of a site for muscle biopsy and can be used to monitor response to treatment. 


Muscle biopsy should be performed in patients with significant muscle weakness or elevated 
serum creatine kinase levels and in those with EMG findings of significant myopathy. Genetic 


testing should be considered in patients with a suspected inherited myopathy and can obviate the 
need for muscle biopsy in many of them. 
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Inflammatory Myopathies 


The inflammatory myopathic disorders, which include polymyositis, dermatomyositis, and 
inclusion-body myositis, are discussed in detail in MKSAP 15 Rheumatology. 
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Endocrine-Related Myopathies 


Corticosteroid-Induced Myopathy 
Thyrotoxic Myopathy 


Hypothyroid Myopathy 
Myopathy Associated with Hyperparathyroidism and Vitamin D Deficiency 
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Corticosteroid-Induced Myopathy 


Corticosteroid-induced myopathy is the most common endocrine-related muscle disorder. 
Patients report proximal limb weakness, most often in the lower limbs. Most patients have a 
cushingoid appearance. Ocular, facial, and distal extremity muscle strength and deep tendon 
reflexes are normal. Women are affected nearly twice as often as men. Prednisone dosages of 30 
mg/d or higher seem to confer the greatest risk. Pulsed and alternate-day corticosteroid regimens 
are less likely to induce myopathy. 


Although EMG findings and serum creatine kinase levels are normal in patients with 
corticosteroid-induced myopathy, these studies should be obtained to rule out other conditions, 
such as neuromuscular junction disorders or other neurogenic processes. Muscle biopsy results 
show only atrophy of type Ib muscle fibers. Treatment involves discontinuing or tapering 
corticosteroid therapy. 
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Thyrotoxic Myopathy 


Although most patients with hyperthyroidism do not report limb weakness as a presenting 
symptom, symmetric proximal limb weakness is typically found on examination. Other signs and 
symptoms of hyperthyroidism are present, including anxiety, tremor, heat intolerance, insomnia, 
and weight loss. Myalgia and fatigue are also commonly reported. Serum creatine kinase 
measurement and EMG findings are typically normal. After treatment of the thyrotoxic state, the 
myopathy usually resolves over several months. 


PreviousNext 
Hypothyroid Myopathy 


Proximal limb weakness develops in one third of patients with hypothyroidism. Myalgia, 
cramps, and muscle hypertrophy are also common. Neurologic examination findings show 
proximal limb weakness and delayed relaxation of deep tendon reflexes. Serum creatine kinase 
levels may be normal or slightly elevated. EMG findings are usually normal, although minor 
myopathic changes are occasionally seen. Gradual improvement in myopathic symptoms occurs 
with correction of the hypothyroidism. 
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Myopathy Associated with Hyperparathyroidism and 
Vitamin D Deficiency 


Myopathy occurs in patients with both primary and secondary hyperparathyroidism and causes 
proximal limb weakness, particularly of the lower extremities. Serum parathyroid hormone 
levels are elevated, and serum calcium levels are also usually increased. Serum creatine kinase 
measurement and EMG findings are typically normal, although minor myopathic changes may 
be seen on EMG. Myopathy improves or resolves following medical or surgical treatment of the 
hyperparathyroidism. 


Vitamin D deficiency has been associated with osteomalacia and proximal muscle weakness. 
There is strong evidence that vitamin D deficiency, even in the absence of osteomalacia, is 
associated with myalgia and proximal limb weakness. Low serum 25-hydroxyvitamin D levels 
suggest the diagnosis. Serum creatine kinase measurement and EMG findings are usually 
normal, and myopathic symptoms typically improve following vitamin D supplementation. 
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Inherited Myopathies 


The inherited myopathies are a diverse group of disorders that include congenital myopathies, 
muscular dystrophies, myotonic disorders, and metabolic myopathies (Table 28). Inheritance 
patterns are autosomal dominant, autosomal recessive, or, rarely, X-linked or maternal. Age of 
onset, rate of disease progression, and severity of disease are often quite variable. The genetic 
and molecular abnormalities have been identified in some disorders and are unknown in others. 


Table 28. Inherited Myopathies 


Myopathy Type Notes 
Congenital 
Central core disease Allelic with malignant hyperthermia 


Mutation of ryanodine receptor gene 


Nemaline myopathy Can present in infancy, childhood, or adulthood 
Centronuclear myopathy May have elongated face, high-arched palate, and scoliosis 
Myofibrillar myopathy In addition to proximal myopathy, may have 


polyneuropathy and cardiomyopathy 


Congenital fiber-type disproportion May have dysmorphic facial and skeletal features 
myopathy 


Muscular Dystrophies* 
Limb-girdle muscular dystrophy Proximal greater than distal weakness 
Duchenne muscular dystrophy X-linked 
Becker muscular dystrophy Limb-girdle weakness with cardiomyopathy 


Emery-Dreifuss muscular dystrophy X-linked 
Proximal greater than distal weakness 


Cardiac conduction defects and muscle contractures 


Facioscapulohumeral muscular Asymmetric facial, scapular and proximal upper limb 
dystrophy weakness 


Distal myopathy Asymmetric distal extremity weakness 


Myotonic dystrophy Myotonia and weakness of the forearm and peroneal 
muscular groups 


Balding 
Cataracts 


Cardiac dysrhythmia 
Proximal myotonic myopathy Myotonia 


Proximal weakness and pain 


Cardiac dysrhythmia 
Oculopharyngeal muscular Ptosis 
dystrophy 
Dysphagia 
Proximal limb weakness 
Metabolic Myopathies 
Glycogen metabolism disorders Cramping, stiffness, and pain shortly after exertion 
Lipid metabolism disorders Cramping, stiffness, and pain shortly after exertion 
Mitochondrial myopathies Exercise intolerance 


Various other neurologic and systemic symptoms 


“Not a comprehensive list. 
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Critical Illness Myopathy 


Myopathy is a common complication of critical illness and most likely occurs more frequently 
than does critical illness neuropathy (see Critical Illness Neuropathy). As in critical illness 
neuropathy, critical illness myopathy should be suspected in patients who cannot be weaned 
from mechanical ventilation. Diffuse, flaccid weakness involving the limb, neck, diaphragm, and 
even facial muscles is noted on examination. Serum creatine kinase levels are often normal but 
may be elevated in patients with acute necrotizing myopathy. Muscle biopsy is generally not 
needed for diagnosis. The prognosis is favorable in patients without an elevated serum creatine 
kinase level or necrosis on muscle biopsy. 


PreviousNext 


Toxic Myopathies 


Prompt recognition of toxic myopathies is essential because of the potential for reversibility. 
Statin medications may cause an acute or subacute painful proximal myopathy with 
rhabdomyolysis. Myalgia, with or without a slight increase in the serum creatine kinase level, is 
more commonly reported. Other substances with established myotoxic potential include 
corticosteroids (see Corticosteroid-Induced Myopathy), alcohol, chloroquine, 
hydroxychloroquine, interferon alfa, colchicine, and procainamide. 


Bibliography 


Bolton CF. Neuromuscular manifestations of critical illness. Muscle Nerve. 
2005;32(2):140-163. [PMID:15825186]. See PubMed 

Dyck PJB, Windebank AJ. Diabetic and nondiabetic radiculoplexus neuropathies: new 
insights into pathophysiology and treatment. Muscle Nerve. 2002;25(4):477-491. 
[PMID:11932965]. See PubMed 

Hoffman-Snyder C, Smith BE, Ross MA, Hernandez J, Bosch EP. Value of the oral 
glucose tolerance test in the evaluation of chronic idiopathic axonal polyneuropathy. 
Arch Neurol. 2006;63(8): 1075-1079. [PMID: 16769858]. See PubMed 

Holick MF. High prevalence of vitamin D inadequacy and implications for health. Mayo 
Clin Proc. 2006;81(3):353-373. [PMID: 16529140]. See PubMed 

Hughes RAC, Wijdicks EFM, Benson E, et al. Supportive care for patients with Guillain- 
Barré syndrome. Arch Neurol. 2005;62(8): 1194-1198. [PMID:16087757]. See PubMed 
Oh SJ, Kurokawa K, de Almeida DF, Ryan HF Jr, Claussen GC. Subacute inflammatory 
demyelinating polyneuropathy. Neurology. 2003;61(11):1507-1512. [PMID: 14663033]. 
See PubMed 

Simmons Z. Management strategies for patients with amyotrophic lateral sclerosis from 
diagnosis through death. Neurologist. 2005; 11(5):257-270. [PMID: 16148733]. See 
PubMed 

Sullivan FM, Swan IR, Donnan PT, et al. Early treatment with prednisolone or acyclovir 
in Bell’s palsy. N Engl J Med. 2007;357(16): 1598-1607. [PMID:17942873]. See 
PubMed 


PreviousNext 


Neuro-oncology 


Introduction 
Primary Central Nervous System Tumors 


Primary Central Nervous System Lymphoma 
Metastatic Brain Tumors 


Paraneoplastic Syndromes of the Nervous System 


Key Points 


e Common presenting symptoms of brain malignancy include seizures, headaches, 
behavioral changes, and subacute progressive focal neurologic deficits. 

e Gliomas account for 50% of all primary brain tumors. 

e Surgical resection is curative in patients with grade-1 gliomas; median survival is 9 years 
for grade-2 lesions, 3 years for grade-3 lesions, and 1 year for glioblastoma multiforme. 

e Meningiomas appear on CT scans and MRIs as well-delineated, partially calcified, dura- 
based masses with strong homogeneous contrast enhancement. 

e Small, asymptomatic meningiomas in older adults can be managed by serial clinical 
evaluations and radiographic follow-up studies. 

e Surgical resection is the treatment of choice for meningiomas in younger patients with 
and without symptoms and in symptomatic older adults and is curative when complete. 

e Primary central nervous system lymphoma is diagnosed by detection of a clonal B-cell 
population in serum or cerebrospinal fluid or by brain biopsy. 

e Treatment for most patients with primary central nervous system lymphoma involves 
high-dose systemic or intrathecal methotrexate followed by whole-brain radiation 
therapy. 

e In adults, the malignant tumors most likely to spread to the brain are lung cancer (50%), 
breast cancer (10% to 20%), and melanoma (10%). 

e Patients with a single brain metastasis may be treated surgically; those with multiple 
metastases require palliative therapy. 

e A paraneoplastic syndrome should be suspected in any patient with an otherwise 
unexplained subacute progressive neurologic disorder. 

e The cause of paraneoplastic syndromes is most likely autoimmune, and the diagnosis is 
made by detecting antibodies in either serum or cerebrospinal fluid. 
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Introduction 


Neuro-oncologic disorders are classified as primary tumors, metastatic tumors, and 
paraneoplastic syndromes. Patients with primary and metastatic brain lesions typically present 
with seizures, nonfocal neurologic findings (such as headache and behavioral and cognitive 
changes), or subacute progression of a focal neurologic deficit (such as hemiparesis). Neurologic 
deficits result from edema, compression, or infiltration of the brain and spinal cord and vary 
according to tumor location. Definitive treatment depends on tumor type and may include 
resection, radiation therapy, and chemotherapy. Corticosteroids can provide symptomatic relief 
when tumor-associated edema is present. Seizures should be treated with anticonvulsant agents. 
However, primary prophylaxis for seizures is not of proven benefit. 
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Primary Central Nervous System Tumors 


Primary central nervous system (CNS) tumors develop from nervous system cells or their 
embryonic precursors. The most common of these neoplasms are gliomas and meningiomas, 
followed by CNS lymphomas. 
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Gliomas 


Gliomas account for 50% of all primary brain tumors. The most common subtypes are 
astrocytomas, oligodendrogliomas, mixed gliomas, and ependymomas. In the World Health 
Organization histopathologic classification system, gliomas are classified from grade 1 to 4, with 
higher grades correlating with more aggressive behavior and poorer prognosis. The most 
common glial tumor, the grade-4 glioblastoma multiforme, is also the most malignant. 


Low-grade gliomas (grades | and 2) occur most often in the fourth to sixth decade of life. 
Seizures are the most common presenting symptom. Although grade-2 gliomas grow slowly, 
they almost inevitably transform into a higher grade if left untreated. High-grade gliomas (grades 
3 and 4) are most often diagnosed in patients in their forties to sixties. 


On an MRI, which is the imaging modality of choice for detecting gliomas, low-grade gliomas 
appear as poorly marginated lesions with minimal contrast enhancement and little or no edema 
(Figure 17). Ninety percent of oligodendrogliomas are calcified. Higher-grade tumors are more 
likely to show irregular contrast enhancement and surrounding edema. Glioblastoma multiforme 
is further characterized by areas of necrosis and hemorrhage (Figure 18). Tissue diagnosis by 
brain biopsy or craniotomy resection is required. Specialized genetic testing is sometimes used 
for additional classification and prognosis. For example, loss of heterozygosity at chromosomes 
lp and 19q in patients with an oligodendroglioma correlates with improved response to 
chemotherapy and prolonged survival. 


Surgical resection is curative for grade-1 gliomas. Grade-2 and -3 gliomas require maximally 
safe surgical resection followed by radiation therapy or chemotherapy, or both. Glioblastoma 
multiforme is refractory to treatment; however, radiation therapy and chemotherapy with 
temozolomide have a small, proved therapeutic benefit. Median survival is 9 years for grade-2 
lesions, 3 years for grade-3 lesions, and 1 year for glioblastoma multiforme. 


Figure 17. Low-grade glioma. 


Coronal flair MRI showing an infiltrating lesion (arrow) enlarging the postcentral gyrus. 


Figure 18. Glioblastoma multiforme. 


Axial (left) and coronal (right) postcontrast T1-weighted MRI showing a large right temporal 
mass (arrows) with central necrosis and peripheral nodular enhancement. 


Meningiomas 


Meningiomas are benign, slow-growing, dura-based tumors. The second most common primary 
brain tumor in adults (after gliomas), meningiomas account for 20% of all primary brain tumors. 
Incidence increases with age and female sex. Most meningiomas are estrogen receptor- and 
progesterone receptor—positive, and approximately 50% are positive for androgen receptors. 
Exposure to exogenous hormones may be a risk factor for the development of meningioma. 


Meningiomas are often found incidentally during neuroimaging studies. At diagnosis, patients 
may be asymptomatic or have subtle signs and symptoms. Seizure is the most common 
presentation and is reported in greater than 50% of symptomatic patients. Meningiomas 
characteristically appear on CT scans and MRIs as a well-delineated, partially calcified, dura- 
based mass with strong homogeneous contrast enhancement ( ). 


Treatment depends on tumor size and location and age of the patient. Older adults with small, 
asymptomatic tumors can be managed conservatively with observation and serial neuroimaging 
studies. Surgical resection is the treatment of choice for younger patients with and without 
symptoms and for symptomatic older adults and is curative when complete. Radiation therapy or 
stereotactic radiosurgery may benefit patients with unresectable or rare aggressive meningiomas. 


Figure 19. Meningiomas. 


Left, axial postcontrast T1-weighted MRI showing a meningioma arising from the falx cerebri. 
Right, coronal postcontrast T1-weighted MRI demonstrating a larger parafalcine meningioma 
with associated edema and mass effect. Note the homogeneous enhancement and “dural tail” 
(arrow) in both images. 
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Primary Central Nervous System Lymphoma 


Primary central nervous system lymphoma is a rare form of non-Hodgkin lymphoma that is 
limited to the brain, meninges, spinal cord, and eyes; 90% of such tumors are large B-cell 
lymphomas. The prevalence has increased in recent decades but appears to be stabilizing at 3% 
to 4% of newly diagnosed primary CNS tumors. Severe immunosuppression is a risk factor, and 
the incidence is significantly increased in patients with congenital immunodeficiency and in 
patients who have received transplants. In immunocompromised patients, primary central 
nervous system lymphoma is associated with Epstein-Barr virus infection. 


Primary central nervous system lymphoma can occur at any age but peaks at ages 60 to 70 years 
in immunocompetent patients. Unlike patients with systemic lymphoma, those with primary 
central nervous system lymphoma present with neurologic deficits or seizures rather than “B” 
symptoms (fever and chills, drenching night sweats, fatigue, pruritus, and weight loss). Twenty 
percent of these patients have ocular involvement and report floaters, blurred vision, or eye pain. 


MRI with contrast is the recommended diagnostic imaging study. The classic finding is a single, 
rounded, contrast-enhancing lesion involving the deep white matter or basal ganglia (Figure 20). 
Meningeal spread is the rule but may be difficult to detect on imaging studies. It is best assessed 
by cerebrospinal fluid examination, including cytology and flow cytometry studies that look for a 
monoclonal B-cell population. When cerebrospinal fluid analysis is nondiagnostic, stereotactic 
biopsy of the brain lesion is generally required to establish the diagnosis. Ocular involvement 
may be seen on slit lamp examination, and vitreal biopsy may also be used for diagnosis. 
Corticosteroid administration may cause primary central nervous system lymphoma to “vanish” 
temporarily and reduce the yield of tissue diagnosis. Withholding corticosteroids is therefore 
recommended, when feasible, until after tissue diagnosis. In severely immunosuppressed 
patients, the differential diagnosis of primary central nervous system lymphoma includes 
toxoplasmosis and progressive multifocal leukoencephalopathy. Polymerase chain reaction of the 
cerebrospinal fluid to detect Eptein-Barr virus and JC virus (causing progressive multifocal 
leukoencephalopathy) and serologic studies for toxoplasmosis may help distinguish between 
these causes, but tissue diagnosis is still the gold standard. 


Because primary central nervous system lymphoma is rare, determining the optimal treatment 
has been difficult. Surgery is seldom indicated and does not improve survival. Treatment for 
most patients involves high-dose systemic or intrathecal methotrexate followed by whole-brain 
radiation therapy. Chemotherapy alone is often recommended for patients over age 60 years 
because of the excessive neurotoxicity from radiation therapy in this age group. The 5-year 
survival rate after combined therapy is 25% to 40%. Even with treatment, however, local 
recurrence or progression is common. 


Figure 20. Primary central nervous system lymphoma. 


Axial (left) and coronal (right) T1-weighted MRI of the head with gadolinium enhancement in a 
patient with a primary central nervous system lymphoma. Note the homogeneous enhancement 
and periventricular location. 
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Metastatic Brain Tumors 


Metastases to the central nervous system are more common than primary brain tumors and occur 
in 10% to 30% of all patients with cancer. In adults, the malignant tumors most likely to spread 
to the brain are lung cancer (50%), breast cancer (10% to 20%), and melanoma (10%). 


Signs and symptoms depend on the size and location of the metastases, which can develop in the 
brain, leptomeninges, and spinal cord. Symptoms may be subtle, so a high level of suspicion is 
justified in patients with known underlying primary tumors. MRI with contrast is the diagnostic 
study of choice and typically shows rounded, contrast-enhancing lesions at the gray-white 
junction with surrounding edema (Figure 21). Brain metastases may sometimes be the first 
manifestation of cancer elsewhere in the body, necessitating workup for the underlying primary 
malignancy. Tissue diagnosis is required and is generally best obtained from the primary lesion. 
When the primary lesion cannot be identified or is inaccessible, stereotactic brain biopsy can be 
considered. 


The prognosis for patients with brain metastases is poor. Treatment focuses on improving quality 
of life. For patients with a single metastatic lesion and otherwise limited systemic disease, 
standard treatment is surgical resection followed by whole-brain radiation therapy. Median 
survival is 10 to 16 months. For patients with multiple metastases, radiation therapy can be 
administered for palliation. Median survival is 3 to 6 months. 


Figure 21. Central nervous system metastases. 


Left, axial postcontrast T1-weighted MRI showing a strongly enhancing nodular lesion in the left 
parietal lobe with marked surrounding edema and mass effect causing a left-to-right shift. Right, 
axial postcontrast Tl-weighted MRI showing leptomeningeal enhancement from metastasis 
(arrows) that is seen most prominently over the right hemisphere and posteriorly along the falx 
cerebri. 
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Paraneoplastic Syndromes of the Nervous System 


Paraneoplastic syndromes involve signs and symptoms of organ dysfunction in a patient with 
cancer that are unexplained by the direct effect of the tumor, metastatic disease, or treatment side 
effects. Although any organ system can be involved, deficits of the central and peripheral 
nervous systems are most commonly encountered. Paraneoplastic syndromes are rare and affect 
less than 1% of all cancer patients. Early recognition is important because the neurologic 
disorder often causes significant, irreversible morbidity. In addition, paraneoplastic symptoms 
are often the first sign of an underlying malignant tumor, which may still be focal and potentially 
curable. The most frequently identified primary tumors associated with paraneoplastic 
syndromes are small cell lung cancer; breast, ovarian, and testicular cancer; Hodgkin lymphoma; 
and thymoma. Although paraneoplastic syndromes occur at any age, they most often develop in 
older adults (median age, 65 years). 


A paraneoplastic syndrome should be suspected in any patient with an otherwise unexplained, 
subacute, progressive neurologic disorder. Any part of the neuraxis may be affected, and 
involvement is often multifocal. Signs and symptoms include sensory or motor neuropathy, 
muscle weakness, cranial nerve palsies, ataxia, memory loss, psychiatric changes, and seizures. 
The cause is most likely autoimmune, and the diagnosis is made by detecting antibodies in either 
serum or cerebrospinal fluid (Table 29). Although individual antibodies were once believed to 
correlate with specific clinical patterns, syndrome overlap is increasingly recognized. Therefore, 
diagnostic testing should evaluate a broad panel of known antibodies. Once detected, however, 
an individual antibody may guide further evaluation toward a specific underlying tumor. 


Diagnostic studies to identify the underlying tumor include CT or MRI of the chest, abdomen, 
and pelvis, as well as testicular ultrasonography or mammography when appropriate. If these 
studies are unrevealing, whole-body ['*F]fluorodeoxyglucose positron emission tomography may 
improve detection of small tumors. 


Primary treatment is aimed at the underlying tumor. If the neoplastic process can be cured, the 
paraneoplastic syndrome will remit. Neurologic deficits may not be reversible, but further 
progression can possibly be avoided. If the cancer is incurable, immune-modifying therapies 
(such as plasma exchange or intravenous immune globulin) and immunosuppressive agents (such 
as corticosteroids) are used. However, these treatments have had only variable success in 


alleviating neurologic symptoms. (For specific treatment options for Lambert-Eaton myasthenic 
syndrome, see Neuromuscular Disorders.) 


Table 29. Selected Neuronal Paraneoplastic Antibodies 


Antibody Tumor Associated Syndromes 
ANNA-1 (anti-Hu) SCLC Encephalomyelitis 


Cerebellar degeneration 
Sensory neuropathy 


Autonomic neuropathy 
ANNA-2 (anti-Ri) SCLC Ataxia neuropathy 


Breast cancer | Opsoclonus-myoclonus 
MA SCLC Encephalomyelitis 


Breast cancer Cerebellar degeneration 


Testicular cancer 
PCA-1 (anti-Yo) Breast cancer Cerebellar degeneration 


Ovarian cancer 
PCA-2 SCLC Encephalomyelitis 


Cerebellar degeneration 


CRMP-5 SCLC Encephalomyelitis 
Thymoma Cerebellar degeneration 
Neuropathy 
Chorea 
Amphiphysin SCLC Encephalomyelitis 


Breast cancer Neuropathy 


Stiff-man syndrome 
VGCC SCLC Lambert-Eaton myasthenic syndrome 


Encephalomyelitis 


Cerebellar degeneration 


VGKC 


Neuropathy 
SCLC Limbic encephalitis 


Thymoma 


ANNA = antineuronal nuclear antibody; CRMP = collapsin response mediator protein; MA = 
monoclonal antibody; PCA = Purkinje cell antibody; SCLC = small cell lung cancer; VGCC = 
voltage-gated calcium channel; VGKC = voltage-gated potassium channel. 
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Epilepsy 


Approach to the Patient with a Suspected Seizure 
Epidemiology, Pathophysiology, and Classification of Seizures 
Epilepsy Syndromes and Their Diagnosis 

Risk Factors 

Differential Diagnosis and Diagnostic Evaluation 


Treatment of Epilepsy 
Status Epilepticus 


Key Points 


Appropriate treatment of acute symptomatic seizures is correction of the underlying 
cause, rather than initiation of antiepileptic medication. 

The incidence of epilepsy is greatest in patients older than 60 years. 

Generalized seizures are those that involve both hemispheres diffusely from the onset, 
whereas partial seizures arise in a focal area of the cortex. 


e Partial seizures with maintained consciousness are subclassified as simple partial, 
whereas those with altered awareness are called complex partial. 

e Patients with juvenile myoclonic epilepsy require lifelong antiepileptic drug therapy. 

e Approximately 30% to 40% of patients with epilepsy do not respond to treatment with 
currently available anticonvulsant drugs. 

e Failure to attain seizure control in patients despite adequate trials of two appropriate 
antiepileptic drugs has been shown to correlate with a less than 10% likelihood of 
achieving seizure freedom with subsequent medication trials in those patients. 

e Risk factors for the development of epilepsy include meningoencephalitis, childhood 
febrile convulsions, a history of head trauma, and a family history of epilepsy. 

e Among diagnosed cases of epilepsy, 70% have no identifiable cause. 

e Normal findings on an electroencephalogram do not rule out a diagnosis of epilepsy, 
especially because interictal epileptiform discharges are found on the first 
electroencephalogram in only 25% to 50% of patients with epilepsy. 

e An MRI of the brain is superior to a CT scan for detection of epileptogenic lesions with 
the exception of acute blood products, such as those associated with subarachnoid 
hemorrhage or hemorrhagic stroke. 

e After a single unprovoked seizure, a greater risk of recurrence is predicted by a partial 
seizure, Todd paralysis, a family history of epilepsy, age greater than 65 years, and 
abnormal findings on neurologic examination. 

e For adult patients, the reported rate of relapse after stopping antiepileptic medication is 
25% to 60% over 2 years. 

e Monotherapy antiepileptic drug regimens are preferred over polytherapy regimens. 

e Chronic use of older antiepileptic drugs has been associated with an increased risk of 
osteoporosis. 

e Exposure to antiepileptic drugs during pregnancy results in a 4% to 6% risk of major 
congenital malformation in newborns, which is twice the rate seen in the general 
population. 

e Patients with disabling partial seizures that have not responded to treatment with two 
anticonvulsant drugs should be considered for epilepsy surgery. 

e Vagus nerve stimulation is a reasonable treatment option for medically refractory 
seizures in patients who are not candidates for traditional epilepsy surgery. 

e Treatment of status epilepticus should commence after 5 minutes of continuous seizure 
activity because of an overall mortality rate of approximately 20% and neurologic 
sequelae, including future seizures, cognitive impairment, aphasia, and motor deficits. 

e Benzodiazepines are the first-line treatment for status epilepticus. 

e Inpatients who are unresponsive or somnolent after status epilepticus, continuous EEG 
monitoring is strongly advocated to distinguish between ongoing nonconvulsive status 
epilepticus and postictal states. 
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Approach to the Patient with a Suspected Seizure 


Patients may experience many types of spells, faints, and other episodic attacks that resemble 
epileptic seizures. The first step in evaluating a patient with a suspected seizure is to rule out 
other conditions, such as syncope or transient ischemic attack, by taking a careful history, 
performing a physical examination, and obtaining appropriate diagnostic testing. If the event is 
in fact determined to have been a seizure, the next step is to distinguish between an acute 
symptomatic seizure and one that was unprovoked. Acute symptomatic seizures are directly 
attributable to an acute insult to the central nervous system or to a systemic metabolic 
derangement (‘Table 30). Appropriate treatment of acute symptomatic seizures involves 
correcting the underlying cause, rather than initiating an antiepileptic medication. Epilepsy, on 
the other hand, is a condition of repeated unprovoked seizures and is diagnosed only when two 
or more such seizures have occurred. 


Table 30. Common Causes of Acute Symptomatic Seizures 


Head trauma (immediate—seizure occurs at impact) 
Intoxication 

Prescription drugs 

Alcohol 

Illicit drugs (cocaine, amphetamines) 
Drug withdrawal 

Alcohol 

Benzodiazepines, barbiturates 
Metabolic 

Hypo- or hyperglycemia 
Hyponatremia 

Hypocalcemia 

Cardiovascular 

Acute stroke 

Acute intracerebral hemorrhage 
Infectious 
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Epidemiology, Pathophysiology, and Classification of 
Seizures 


Approximately 10% of the population worldwide will experience a single seizure in their 
lifetime. Epilepsy affects 3 million people in the United States, with a lifetime cumulative 
incidence of 3%. Although seizures can occur in patients of any age, the most common times are 
during childhood and after age 60 years, with the greatest incidence in the latter group. In 60% to 


70% of patients with epilepsy, no cause of the seizures is identified. Elderly patients are more 
likely to have an identified remote symptomatic etiology, with one third of epilepsy cases in this 
age group attributed to cerebrovascular disease. 


Seizures represent abnormal bursts of synchronous electrical activity arising from cortical 
neurons. These abnormal bursts can result from excess excitatory neuronal activity, failure of 
inhibitory pathways, or changes in ion channels that control neuronal membrane potential. The 
clinical manifestations vary depending on the cortical area involved and can include motor, 
sensory, psychic, and autonomic phenomena and changes in the level of consciousness. Seizures 
are divided into two types—partial and generalized—on the basis of the region of the cortex 
involved in seizure initiation. 


Generalized seizures involve both hemispheres diffusely from the onset. The most familiar form 
of generalized seizure is the generalized tonic-clonic or grand-mal seizure. The initial tonic phase 
manifests as a sustained muscular contraction that results in stiffening of the jaw, trunk, and 
limbs. Tonic contraction of the diaphragm may result in a characteristic vocal cry and in 
cyanosis. The clonic phase follows, with symmetric rhythmic jerking of the extremities. There 
can be urinary and occasionally bowel incontinence. The seizure typically stops spontaneously in 
1 to 2 minutes and may be followed by a period of lethargy, confusion, or agitation lasting 
minutes to hours. Prolonged postictal confusion must be differentiated from ongoing subtle 
seizure activity. Other types of generalized seizures include absence, myoclonic, and atonic 
seizures. Absence seizures are typified by staring and unresponsiveness lasting several seconds. 
Myoclonic seizures are sudden, brief, shock-like muscle contractions, which may be focal, 
multifocal, or generalized in distribution. Atonic seizures consist of a sudden loss of muscle tone 
that causes a drop to the ground and carries a high risk of injury. With the exception of 
myoclonus, generalized seizures are all characterized by loss of consciousness. 


In contrast, partial seizures arise in a focal area of the cortex. The manifestation of a partial 
seizure depends on the area of cortical involvement. The larger the area involved, the greater the 
likelihood of impaired consciousness. Partial seizures with fully maintained consciousness are 
subclassified as simple partial, and those with altered awareness are called complex partial. 
Partial seizures may spread to involve the cortex diffusely, a state referred to as secondary 
generalization. 


The temporal lobe is the most common site of origin for partial seizures. Simple partial seizures 
in this area may manifest as an “indescribable feeling,” a rising epigastric sensation, an 
unpleasant olfactory or gustatory sensation, a psychic phenomenon (such as déjà vu), or 
autonomic disturbances (such as flushing, diaphoresis, or lightheadedness). Some patients may 
report auditory distortion or vertigo. These symptoms typically last less than 1 minute and are 
often referred to as an aura. Complex partial seizures arising in the temporal lobe classically 
manifest with behavioral and speech arrest lasting less than 2 minutes. Automatisms 
(nonpurposeful stereotyped motor behaviors) are often exhibited and may include repetitive lip 
smacking, chewing, swallowing, or fumbling or picking behaviors with the ipsilateral hand. A 
period of postictal confusion lasting minutes to hours is common. 


In contrast, frontal lobe seizures tend to be brief, nocturnal events that are less likely to be 
followed by postictal confusion. Seizures arising in frontal lobe structures outside the motor 
cortex can present with bizarre motor phenomena, including violent thrashing, bicycling 
movements, or clapping. Patients may experience intense fear or other emotions and significant 
autonomic changes. Such unusual motor activity and emotional features commonly lead to 
frontal lobe seizures being misdiagnosed as psychogenic events. Frontal lobe seizures may tend 
to cluster or to generalize secondarily. Simple partial seizures arising in the primary motor cortex 
will present as localized tonic or clonic activity in the contralateral body. Seizure activity can 
spread to adjacent regions of the motor strip, a phenomenon called jacksonian march. The most 
common clinical manifestation of a jacksonian seizure is twitching of the thumb, which then 
spreads up the arm and into the ipsilateral face. Transient weakness of the involved limbs after 
the seizure has ended is common and is referred to as Todd paralysis, which usually lasts 
minutes but can persist for hours. When weakness is prolonged, it is important to rule out 
continued subtle seizure activity or, if it occurs after a first seizure, an underlying structural 
lesion or stroke. 


Parietal and occipital lobe seizures are rare. Parietal seizures usually involve sensory phenomena, 
such as electric sensations, pain, or a feeling of pins and needles. Like seizures arising in the 
motor strip, jacksonian spread can be described by patients who experience it. Poorly formed 
visual hallucinations consisting of vague shapes and shadows may also be reported. Occipital 
lobe seizures usually manifest as unformed visual phenomena, such as flashes of light or loss of 
vision. 
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Epilepsy Syndromes and Their Diagnosis 


Epilepsy is defined as a predilection for recurrent, unprovoked seizures and is typically 
diagnosed when two such seizures have occurred. Epilepsy is not a single disease but, rather, a 
group of disorders that share seizures as one manifestation. Epilepsy syndromes are defined by 
type of seizure, associated neurologic or systemic symptoms, age of onset, findings on an 
electroencephalogram (EEG), and family/genetic history. Appropriate identification of the 
epilepsy syndrome can be helpful in determining prognosis and appropriate treatment. 
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Classification of Epilepsy Syndromes 


In the International League Against Epilepsy (ILAE) system, epilepsy syndromes are divided 
according to cause. Epilepsy attributable to a known brain abnormality is called symptomatic, 
whereas the term cryptogenic is used when an underlying brain disorder is suspected but 
unidentified. Epilepsies unrelated to a structural lesion or disorder are classified as idiopathic and 
are generally presumed to have a genetic cause. Like single seizures, epilepsy syndromes are also 


classified as generalized and partial. Generalized epilepsies typically manifest in childhood or 
adolescence, whereas new-onset epilepsy in adults (of all ages) is almost always partial. 
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Commonly Encountered Epilepsy Syndromes 


e Juvenile Myoclonic Epilepsy 


e Lennox-Gastaut Syndrome 
e Intractable Epilepsy 
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Juvenile Myoclonic Epilepsy 


Juvenile myoclonic epilepsy is an idiopathic generalized epilepsy syndrome characterized by 
both myoclonic seizures on awakening and generalized tonic-clonic seizures. These seizure types 
occur independently, but a flurry of myoclonic seizures may presage a generalized tonic-clonic 
seizure. Onset is usually in adolescence. Seizures may be provoked by sleep deprivation, alcohol, 
or flickering lights. The EEG demonstrates generalized spike and wave discharges of 4 to 6 Hz. 
Most patients with juvenile myoclonic epilepsy have an excellent response to medication, with 
lamotrigine and valproic acid considered first-line treatments. Although juvenile myoclonic 
epilepsy can usually be successfully controlled with treatment, the susceptibility to seizure 
persists over the patient’s lifetime, and 75% to 100% of patients will relapse if medication is 
withdrawn. Juvenile myoclonic epilepsy is thought to be a multigene disorder, with familial 
studies demonstrating a strong but complex inheritance pattern. 
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Lennox-Gastaut Syndrome 


Lennox-Gastaut syndrome is characterized by mental retardation and intractable seizures. Onset 
is usually by age 5, and the disorder is lifelong. A unique finding is the presence of multiple 
seizure types in the same patient, including atonic, atypical absence, myoclonic, and generalized 
tonic-clonic seizures. Status epilepticus (discussed later) is common. The EEG shows a 
characteristic pattern of generalized slow spike and wave discharges superimposed on a slow 
background. In about 60% of patients with the disorder, Lennox-Gastaut syndrome is attributable 
to a known symptomatic cause, such as tuberous sclerosis, meningoencephalitis, or hypoxic- 
ischemic injury. 
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Intractable Epilepsy 


Medically refractory, or intractable, epilepsy is a clinically useful categorization, although not 
formally part of the ILAE classification system. Approximately 30% to 40% of patients with 
epilepsy do not respond to treatment with currently available anticonvulsant drugs. There is no 
single accepted criterion by which refractory epilepsy is defined. However, failure to attain 
seizure control despite adequate trials of two appropriate antiepileptic drugs is a commonly used 
indicator of intractability. Patients whose seizures persist despite such treatment have a less than 
10% likelihood of achieving seizure freedom with subsequent medication trials. The 
consequences of uncontrolled seizures include increased mortality, greater adverse medication 
effects, cognitive decline, and impairment of psychosocial functioning, including mood, 
interpersonal relationships, and employment. It is important, therefore, to recognize patients with 
intractable epilepsy early in their disease course. Referral to a comprehensive epilepsy care 
center to explore nonmedical management is appropriate. 
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Risk Factors 


Risk factors for the development of epilepsy include meningoencephalitis, childhood febrile 
convulsions, a history of head trauma, and a family history of epilepsy. Among diagnosed cases 
of epilepsy, 70% have no identifiable cause. For the 30% with a known etiology, leading causes 
are cerebrovascular disease, developmental brain disorders, remote head trauma, brain tumor, 
and neurodegenerative conditions. For patients with epilepsy, commonly cited seizure triggers 
include sleep deprivation, alcohol, flickering lights, and menstruation. Many prescription 
medications, including quinolone antibiotics, antipsychotic agents, and antidepressants, may also 
lower seizure threshold. When these medications are necessary, adjustment in antiepileptic 
therapy may be needed to maintain seizure control. 
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Differential Diagnosis and Diagnostic Evaluation 


Diagnosis of seizures and epilepsy requires obtaining a detailed and accurate history. Because 
patients who have experienced a seizure are often unaware of what occurred, obtaining an 
eyewitness account is invaluable. 


Many physiologic events can mimic seizures and should be part of the differential diagnosis. In 
adults, cardiac syncope, arrhythmia, transient ischemic attack, migraine, metabolic 
derangements, intoxication, and vertigo are among the common conditions that can present 
similarly to seizures (Table 31). Psychiatric conditions must also be considered. Psychogenic 
nonepileptic spells are seizure-like events that occur in patients with a conversion or somatoform 
disorder. Such spells occur with an estimated prevalence of 1.5 per 100,000 persons and are 


commonly misdiagnosed as epilepsy. Because psychogenic spells can also occur in 10% to 20% 
of patients with epilepsy, care must be taken in patients with suspected psychogenic spells to 
definitively exclude the diagnosis of epilepsy. Panic attacks should also be considered in the 
differential diagnosis of seizure. Carefully detailed questions about the episodes and about risk 
factors for epilepsy, including minor or major head trauma and concomitant medications, must 
be asked. 


Further diagnostic testing is often needed to confirm or clarify the cause of a seizure-like 
episode. Depending on the history, evaluation of metabolic derangements, cardiac disease, 
cerebrovascular disorders, or vestibular dysfunction may be appropriate. A general laboratory 
survey should include a complete blood count, measurement of serum electrolyte and plasma 
glucose levels, and a toxicology screen, if appropriate. A lumbar puncture is generally only 
indicated if there are signs or symptoms suggesting an underlying infection of the central 
nervous system or if the patient is immunocompromised. Electroencephalography and 
neuroimaging should be standard components of the diagnostic work-up of patients suspected to 
have epilepsy. 


Table 31. Characteristics That Distinguish Between 
Common Mimics of Seizure in Adults 


Characteristic Seizure Syncope TIA Migraine Vertigo 
Warning/aura Variable Faint feeling None Variable None 
(<1 minute) (15-60 minutes) 
Duration 1-2 minutes Seconds to Minutes to hours Hours Minutes to 
minutes days 
Effect of posture None Variable None None Variable 
Symptoms Tonic-clonic Loss of Hemiparesis, Simple visual Nausea, 
during episode movement, tone, brief hemisensory loss, disturbance, ataxia, 
paresthesias, clonic jerks visual loss, vertigo, tinnitus 
aphasia aphasia paresthesias 
Altered Common Yes Rare Rare No 
consciousness 
Incontinence Variable Variable No No No 
Heart rate Increased Irregular/ Variable No effect Variable 
decreased 
Symptoms after Confusion, Alert Alert Fatigue Alert 
episode fatigue 


EEG during Epileptiform Diffuse Focal slowing Rare slowing No effect 
event pattern slowing 


EEG = electroencephalogram; TIA = transient ischemic attack. 
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Electroencephalography 


EEGs are useful both to diagnose seizure and to classify the seizure type (partial or generalized). 
A routine EEG is a scalp recording of electric potentials from the brain for a period of 20 to 60 
minutes. Although seizures are rarely recorded in this fashion, a routine EEG may show interictal 
epileptiform discharges, a finding highly correlated with a tendency for clinical seizures. In 
general, such discharges are found in the first EEG in only 25% to 50% of patients with epilepsy. 
Moreover, the sensitivity of EEGs for showing interictal epileptiform discharges may vary 
considerably, depending on seizure frequency, epilepsy syndrome, and site of seizure onset; 
sensitivity can be increased by obtaining the EEG during sleep, hyperventilation, or photic 
stimulation and by obtaining serial studies. When present on an EKG, interictal epileptiform 
discharges are highly specific and suggest a seizure diagnosis; however, it is important to 
interpret the EEG findings relative to the overall clinical scenario. Detection of interictal 
epileptiform discharges from frontal lobe structures is relatively low. Moreover, normal findings 
on an EEG do not rule out a diagnosis of seizure. When a routine EEG is unrevealing and 
seizures remain a diagnostic concern, prolonged recording with an ambulatory EEG recording 
device or with inpatient continuous video and EEG monitoring can be considered. These longer 
studies have a greater chance of detecting interictal epileptiform discharges and of allowing the 
recording of a seizure, which is the gold standard for diagnosis. 
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Imaging Studies 


For patients presenting with acute seizure, head imaging is important to rule out an underlying 
symptomatic cause, such as stroke, intracerebral hemorrhage, or malignancy, which may itself 
require emergency intervention. MRI is superior to CT for detection of epileptogenic lesions 
with the exception of acute blood products, such as those associated with subarachnoid 
hemorrhage or hemorrhagic stroke. All patients with a seizure should have a brain MRI, unless 
there is convincing evidence from the history and EEG of a primary generalized seizure disorder 
or if there is an unrelated contraindication to MRI (such as a pacemaker or aneurysm clip). 
Commonly identified structural lesions on MRIs that can cause epilepsy include mesial temporal 
sclerosis (Figure 22), vascular malformations (Figure 23), tumors, and malformations of cortical 
development (Figure 24), most of which are poorly visualized or not detectable with a CT scan. 
Studies suggest that, depending on the lesion type, these lesions will be missed 20% to 100% of 
the time on a CT scan. Functional imaging tests, such as single photon emission CT, positron 
emission tomography, and functional MRI, are used during evaluation of patients for epilepsy 
surgery. 


Figure 22. Mesial temporal sclerosis. 


Coronal flair MRI shows increased signal intensity and atrophy of the right mesial temporal lobe 
(arrow). 


Figure 23. Cavernous malformation. 


Coronal T1-weighted MRI shows an intra-axial mass (cavernous hemangioma) in the right 
temporal lobe with a surrounding hemosiderin ring. 


Figure 24. Cortical dysplasia. 


Left, subcortical band heterotopia. Axial MRI shows a widespread cortical malformation with 
simplification of the normal pattern of folding of the cortex and an underlying band of neuronal 
tissue (arrows), sometimes referred to as a double cortex. Right, focal cortical dysplasia with 
periventricular nodular heterotopia. Coronal MRI showing a focal area of thickened cortex in the 
right temporal region (thick arrow) and nodules of abnormal neuronal tissue along the 
ventricular surface (thin arrow). 
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Treatment of Epilepsy 


The decision to initiate antiepileptic drug therapy is based on a careful consideration of the risk 
of seizure recurrence and the risk-benefit ratio of the available treatment options. In addition to 
the potential morbidity or mortality that might result from future seizures, the adverse 
psychosocial consequences, such a loss of driving privileges, must also be considered. The goals 
of seizure treatment are to prevent future seizures and related injury and to maintain quality of 
life. In most patients, treatment involves long-term therapy with medication. Patients should be 
counseled to avoid potential seizure triggers, such as sleep deprivation and excess alcohol intake. 
Physicians should recall that epilepsy is a highly stigmatized condition, which often affects 
patients’ willingness to accept the diagnosis and colors decisions regarding management. 
Maintaining quality of life means not only keeping patients free of seizures and adverse 
medication side effects, but also maintaining employment and driving. Driver’s license 
privileges are restricted in every state in the United States for persons who have experienced a 
seizure. Specific restrictions vary by state, with typical requirements of a seizure-free period of 3 
to 12 months in order to operate a private motor vehicle. Driving restrictions generally do not 
distinguish between persons with a single seizure and those with epilepsy or between the 
presence and absence of treatment with an anticonvulsant medication. 


It is important to address and treat associated psychiatric comorbidity. Depression affects a 
disproportionate number of patients with epilepsy. Antidepressants are generally well tolerated, 
although the potential for lowered seizure threshold with these medications may necessitate 
closer seizure monitoring or adjustment of anticonvulsant therapy. Unless other options are not 
available, buproprion should be avoided in patients with epilepsy due to adverse effects on 
seizure control. 
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Antiepileptic Pharmacotherapy 


Epilepsy is controlled with the first or second medication in 60% of patients with the disorder. 
Older, first-generation antiepileptic drugs include phenobarbital, phenytoin, carbamazepine, 
valproic acid, and ethosuximide. (Ethosuximide is generally used only for treatment of childhood 
absence epilepsy and is rarely prescribed for adults.) Many newer drugs have become available 
in the last 15 years, which has expanded the therapeutic options. Second-generation agents 
include felbamate, gabapentin, lamotrigine, tiagabine, topiramate, levetiracetam, zonisamide, 
oxcarbazepine, and pregabalin. 
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When To Initiate Pharmacotherapy 


The decision to initiate treatment of epilepsy after a single unprovoked seizure is based on an 
assessment of recurrence risk. In general, a greater risk of recurrence is predicted by a partial 
seizure, Todd paralysis, family history of epilepsy, age greater than 65 years, and abnormal 
findings on neurologic examination. Patients with abnormal results on EEG or head MRI are also 
at high risk for recurrent seizure and should be placed on an antiepileptic drug. In patients whose 
EEGs and MRIs are normal, the 2-year recurrence risk after a first seizure has been shown to be 
approximately 40%; unless special circumstances exist, medication is generally not started for 
these patients. For patients who have had two or more seizures, the risk of future recurrence is 
60% or greater; antiepileptic medication should be started in these patients, unless the seizures 
were widely spaced in time (years apart) or were nondisabling, simple sensory events. 
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Discontinuation of Pharmacotherapy 


As a general rule, patients who have been free of seizures for 2 years should be considered for 
medication withdrawal. For adult patients, the reported rate of relapse after stopping medication 
is 25% to 60% over 2 years. It is therefore necessary to consider the risks and benefits of 
medication discontinuation for each individual patient. Stopping medication can alleviate both 
acute and long-term drug side effects and the inconvenience and financial burden of chronic 
medication. In addition, most patients report improved quality of life when antiepileptic drugs 
are stopped. Potential risks associated with drug withdrawal include the negative effects of 
recurrent seizure on quality of life (working, driving) and the small potential risk of a seizure- 
related injury or status epilepticus. 


Relapse risk is higher in the presence of an underlying structural abnormality, mental retardation, 
or abnormal neurologic examination findings. Seizure recurrence is also greater in those with a 
poor initial response to treatment. Knowledge of the epilepsy syndrome can be useful in guiding 
decisions about stopping medication. For example, patients with juvenile myoclonic epilepsy 
require lifelong medication, but those with certain benign epilepsy syndromes, such as benign 
rolandic epilepsy, should almost never be treated long term. If a decision is reached to 
discontinue seizure therapy, the medications should be slowly tapered, as rapid withdrawal has 
been linked to a greater likelihood of seizure recurrence. 
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Single-Agent Pharmacotherapy 


Newly diagnosed epilepsy should be treated with single-agent pharmacotherapy. Monotherapy is 
better tolerated, is less expensive, and results in improved patient compliance compared with 
polytherapy. Furthermore, there is no compelling evidence that polytherapy results in improved 


seizure control. The chosen drug should be titrated upward until the patient is free of seizures or 
until limiting side effects develop. If seizures persist, a second drug should be tried as a 
monotherapy regimen. When the medication is changed, it is generally safer to slowly titrate up 
the new agent and slowly withdraw the first as the second reaches therapeutic levels rather than 
attempting an abrupt changeover. If seizures continue on the second agent, a third drug can be 
tried as a single agent or added for a two-drug regimen. 
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Dosing and Monitoring of Serum Levels of Antiepileptic 
Medications 


Antiepileptic drugs are better tolerated when started at a low dose and slowly titrated upward. 
Monitoring of serum drug levels can be helpful when initiating treatment to confirm a 
therapeutic level or if symptoms suggesting medication toxicity are reported. In some cases, 
measuring serum concentrations may be helpful to establish an effective therapeutic baseline for 
an individual patient. Serum testing can also be used to confirm medication adherence. 
Additionally, when a new medication that may interact with an established antiepileptic drug is 
added to a patient’s regimen, measurement of the serum level of the antiepileptic drug can guide 
any necessary dose adjustment. For highly protein-bound drugs, such as phenytoin, measurement 
of both total and free plasma concentrations is recommended if there is concern about low serum 
protein levels or if the patient is taking another highly protein-bound medication. Although most 
of the first-generation antiepileptic drugs have well-established therapeutic serum ranges, these 
ranges should not be interpreted as a strict dosing guideline. Rather, dose adjustments should be 
based on clinical seizure control and drug side effects. Regarding second-generation drugs, 
although their serum levels can also be measured, most are not highly protein bound and so do 
not have well-defined therapeutic serum concentrations. Thus, checking serum drug levels for 
the newer agents is often less helpful in guiding clinical management. 
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Common Side Effects 


Commonly reported side effects for individual antiepileptic drugs are summarized in Table 32. 
The potential to cause sedation, unsteadiness, and imbalance is common to all antiepileptic 
drugs. These symptoms often develop with initiation of a new drug or with increased dosages 
and have the potential to improve with time. 


Severe idiosyncratic reactions are relatively rare but can be potentially life-threatening. Drug 
rash, including Stevens-Johnson syndrome, has been linked with phenytoin, phenobarbital, 
carbamazepine, oxcarbazepine, tiagabine, zonisamide, and lamotrigine. Valproic acid has been 
associated with rare cases of acute hepatic failure and pancreatitis, particularly in children. 
Felbamate carries a 1 in 5000 risk of aplastic anemia and a 1 in 30,000 risk of hepatic failure. 


Because of this risk of a life-threatening idiosyncratic reaction, use of felbamate is limited to 
patients with seizures that are refractory to other treatments and that are of sufficient severity to 
justify the risk of a serious side effect. Liver chemistry test results and complete blood counts 
must be closely monitored. 


Chronic use of first-generation antiepileptic drugs has been associated with increased risk of 
osteoporosis and vitamin D deficiency. The risk of bone disease with long-term use of newer 
antiepileptic drugs has not been established. Periodic bone density analysis should be considered 
for patients on chronic seizure therapy. Prophylactic calcium (1500 mg/d) and vitamin D 
supplementation (800 U/d) are also often recommended, although they are not of proven benefit 
in this population. 


The potential for drug interaction should be considered both when choosing a new antiepileptic 
drug and when starting any new medication in patients requiring chronic seizure therapy. Drug 
interactions can lead to increased toxicity or to decreased antiepileptic drug efficacy with 
breakthrough seizures. One of the most common sources of pharmacodynamic drug interaction is 
alteration of hepatic metabolism. Phenobarbital, phenytoin, carbamazepine, and 
oxcarbamazepine all induce hepatic cytochrome P450 enzymes, and valproic acid inhibits them. 
When avoidance of altered hepatic metabolism, whether due to drug interaction or underlying 
liver disease, is desired, gabapentin, pregabalin, and levetiracetam should be considered. 


Table 32. Common Side Effects of Current Antiepileptic 
Drugs 


Drug Side Effects 
Carbamazepine Rash, hepatic dysfunction, hyponatremia, bone disease 
Felbamate Hepatic failure, aplastic anemia, weight loss, nausea, headache 
Gabapentin Somnolence, lower extremity edema, weight gain 


Lamotrigine Rash 

Levetiracetam Irritability, depression 

Oxcarbazepine Rash, nausea, hyponatremia 

Phenobarbital Sedation, cognitive/mood disturbance, bone disease, hepatic dysfunction 
Phenytoin Rash, ataxia, hepatic dysfunction, bone disease, gingival hyperplasia, anemia 
Pregabalin Weight gain, lower extremity edema 


Topiramate Cognitive effects, nephrolithiasis, acute angle closure glaucoma, anorexia, 
metabolic acidosis 


Tiagabine Cognitive effects, tremor, nausea 


Valproic acid Weight gain, tremor, hair loss, hepatic dysfunction, thrombocytopenia, 
hyperammonemia, menstrual irregularity, bone disease 


Zonisamide Sedation, anorexia, nephrolithiasis, rash, visual field defect 
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Treatment During Pregnancy 


The rate of major congenital malformations in newborns exposed to antiepileptic drugs during 
the first trimester of pregnancy is 4% to 6%, which is twice the rate reported for the general 
population. The greatest risk from antiepileptic drug exposure is likely during the first several 
weeks of gestation when major organogenesis occurs, typically before a woman even realizes she 
is pregnant. Current evidence suggests that valproic acid carries the highest risk of malformation 
and that polytherapy is worse than monotherapy. Current outcome data from pregnancy 
registries, however, are only available in sufficiently high numbers for older antiepileptic drugs 
and lamotrigine. There is insufficient evidence to establish the risks related to other second- 
generation antiepileptic drugs at this time. Potential harm related to antiepileptic drug use during 
pregnancy must be weighed against the risk posed by a seizure to both the mother and the fetus. 


Ideally, pregnancy in women with epilepsy will be planned so there is time for medication 
adjustment before conception. Withdrawal of antiepileptic drugs should be attempted, when 
possible, according to the same general guideline for discontinuation of medication already 
discussed. Most women with epilepsy, however, will require antiepileptic drug treatment 
throughout pregnancy. For these patients, the aim is to use the smallest number of medications 
and the lowest dose that will maintain seizure control. Monotherapy is ideal. Reduction of 
medications after conception is unlikely to be effective in lowering malformation risk and can 
place the mother at increased risk for seizure. 


Because many pregnancies are unplanned, all women on antiepileptic drug therapy should 
receive counseling about the risk of birth defects and be advised to take a daily folic acid 
supplement; dosage recommendations range from 0.4 to 5.0 mg per day. When pregnancy is not 
desired, it is essential to ensure that women taking antiepileptic drugs have an adequate birth 
control plan. Antiepileptic drugs that induce cytochrome P450 enzymes (phenobarbital, 
phenytoin, carbamazepine, oxcarbazepine, and high-dose topiramate) can interfere with the 
effectiveness of hormonal contraceptive agents. 
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Selection of an Antiepileptic Medication 


Knowledge of the type of seizure (partial or generalized) and seizure syndrome a patient has 
experienced will inform not only the decision to begin treatment, but also the choice of an 
appropriate drug (Table 33). Valproic acid and lamotri-gine are often used as first-line drugs for 
generalized epilepsy, whereas carbamazepine and lamotrigine are good initial choices for partial 
epilepsy. For some patients, the side effect profile of a particular drug may be the major reason 
for choosing it, besides its likely effectiveness. Additional considerations include the timing of 
titration to an effective dose, ease of the dosing regimen, and cost. Because no single perfect 


drug exists, antiepileptic drug selection must rely on careful consideration of what is best for the 
individual patient. 


Table 33. Spectrum of Action of Current Antiepileptic Drugs 


Type of Seizure 

Drug Partial Tonic-Clonic (First Generation) Myoclonic Absence 
Carbamazepine X X — — 
Ethosuximide — — — X 
Felbamate X X ? 7 
Gabapentin X — — — 
Lamotrigine X X X X 
Levetiracetam X X X — 
Oxcarbazepine X ? — — 
Phenobarbital X X ? — 
Phenytoin X X — — 
Pregabalin X — — — 
Topiramate X X X X 
Tiagabine X — — — 
Valproic acid X X X 
Zonisamide X ? ? ? 
X = proved efficacy; — = no proved efficacy; ? = probable efficacy. 
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Efficacy 


Individual drugs vary in efficacy for given seizure types (see Table 33). In general, there is no 
evidence of greater efficacy for newer versus older antiepileptic drugs. Nevertheless, 30% of 
patients with epilepsy are refractory to current medical therapies. Before deciding that a patient 
will not respond to epilepsy medications, however, one should determine that the diagnosis of 
epilepsy is correct, that the medication(s) given was (were) appropriate for the seizure type, that 
the medication dosage was correct, and that the patient was adherent with taking the medication. 


PreviousNext 


Tolerability 
Epilepsy drugs are just as likely to be ineffective in particular patients because of adverse effects 
as from lack of efficacy. Approximately 5% of patients will discontinue the first antiepileptic 


drug prescribed because of a serious idiosyncratic reaction. Another 15% will discontinue 
because of non-life-threatening adverse effects, such as sedation, mood disorder, or weight gain. 
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Nonpharmacologic Therapy 


e Epilepsy Surgery 
e Vagus Nerve Stimulator 
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Epilepsy Surgery 


Epilepsy surgery is a therapeutic option for patients with partial epilepsy who continue to have 
disabling, medically refractory seizures. Seizures must be severe and frequent enough to 
adversely affect quality of life before surgery is considered. Major medical comorbidity and 
progressive degenerative neurologic conditions are generally contraindications to surgical 
intervention. Patients who have undergone two medication trials without success are 
appropriately referred to a specialized epilepsy center for surgical evaluation. 


The goal of epilepsy surgery is to remove the area of cortex from which seizures are generated. 
Potentially curative procedures include lesionectomy, focal cortical resection, and lobectomy. 
When resective surgery is not a reasonable option because of the involvement of the eloquent 
cortex (the primary language, motor, sensory, or visual cortex), the extent of involved tissues, or 
the underlying epilepsy syndrome, palliative surgical procedures, such as multiple subpial 
transection, hemispherectomy, corpus callosotomy, or placement of a vagus nerve stimulator, 
may be options. 
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Vagus Nerve Stimulator 


Vagus nerve stimulation is a reasonable treatment option for medically refractory seizures in 
patients who are not candidates for traditional epilepsy surgery. The stimulator is an electronic 
signal generator implanted in the upper chest, just as a cardiac pacemaker is, that provides 
programmed pulsed electrical stimulation to the vagus nerve in the neck. Although the 


mechanism by which vagus nerve stimulation alters seizure activity is unclear, approximately 
half of the patients who receive this treatment report a 50% reduction in seizure frequency within 
1 year of implantation. In addition to the programmed stimulation, patients are given a magnet 
that can be used to trigger on-demand stimulation, which may have some effect in aborting or 
limiting a seizure if used at onset. A benefit of vagus nerve stimulation over adding another 
antiepileptic drug is the avoidance of sedation or cognitive side effects. The device is generally 
well tolerated but can result in hoarseness, throat pain, cough, and shortness of breath. The 
implantation procedure is typically performed under general anesthesia and has a low 
complication rate. The presence of a vagus nerve stimulator is a contraindication to subsequent 
MRI, with the exception of head MRI under special circumstances. Therefore, such a device 
should not be used without careful consideration in patients with underlying malignancy or other 
conditions that may require serial MRI scans. 
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Status Epilepticus 


Status epilepticus is a neurologic emergency that has significant associated morbidity and 
mortality. Status epilepticus has been defined as occurring when a seizure persists or recurs 
without recovery for 30 minutes. Operationally, however, treatment efforts should begin when a 
seizure continues after 5 minutes. Although any seizure type can potentially exist as status 
epilepticus, generalized convulsive status epilepticus is the most common and potentially 
dangerous form. The incidence of generalized convulsive status epilepticus in the United States 
is 20 to 40 per 100,000 persons per year. More than half of patients who present with status 
epilepticus have no seizure history. In adults, the most common underlying causes are 
subtherapeutic levels of antiepileptic drugs, cerebrovascular disease, hypoxic injury, alcohol or 
drug intoxication, and metabolic derangements. The overall mortality rate is approximately 20%. 
Potential long-term complications include future seizures, cognitive impairment, aphasia, and 
motor deficits. 


Early recognition and treatment of status epilepticus are key to the best possible outcome. 
Therefore, internists should be familiar with the presentation and management of the disorder. 
Persistent seizure activity results in acute systemic complications, including fever, hemodynamic 
instability, acidosis, rhabdomyolysis, and pulmonary edema, all of which must be carefully 
managed. Airway, breathing, and circulatory status should be assessed at presentation and 
monitored continuously. Many patients will require intubation and ventilatory support. Initial 
laboratory studies should include a complete blood count, measurement of serum electrolyte 
(including sodium) and plasma glucose levels, toxicology screen, and measurement of serum 
antiepileptic drug levels, when appropriate. Thiamine and glucose can be administered if alcohol 
abuse is suspected or the cause of the status epilepticus is unknown. Emergent head imaging can 
also be useful in the absence of a known underlying cause but should not delay treatment. 
Convulsive motor activity will become increasingly subtle over time and might, for example, 
only involve twitching of the eyes or face, which makes it challenging to distinguish between 
ongoing nonconvulsive status epilepticus and a postictal state. For this reason, continuous EEG 
monitoring is strongly advocated. 


Medications for status epilepticus are outlined in Table 34. Benzodiazepines are generally 
considered first-line agents, to be followed by phenytoin or phenobarbital. Approximately 30% 
of patients with status epilepticus do not respond to these interventions, a condition defined as 
refractory status epilepticus. These patients are generally placed in a medication-induced coma 
and must be monitored with EEG to guide dosing and assess response to therapy. 


Table 34. Treatment of Status Epilepticus in Adults 


Setting Drug (Dose)* Time 
Course” 

Prehospital or Lorazepam (2-4 mg) or diazepam (5-10 mg) 0-20 minutes 

ED 

ED or ICU Phenytoin (20 mg/kg) or fosphenytoin (20 mg/kg) 20-60 
minutes 

ED or ICU Phenobarbital (20 mg/kg) 60-90 
minutes 

ICU Pentobarbital or midazolam or propofol or thiopental (as a 90+ minutes 


continuous infusion) 


ED = emergency department; ICU = intensive care unit. 
“All drugs are administered intravenously. 


Time from onset of treatment of status epilepticus. 
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Disorders of the Spinal Cord 


Presenting Symptoms and Signs of Myelopathies 


Key Points 


The degree of motor deficit at the time of diagnosis of epidural spinal cord compression 
predicts neurologic outcome. 

Suspicion of epidural spinal cord compression warrants immediate spinal imaging with 
MRI. 

Epidural spinal cord compression by a metastasis requires immediate therapy with 
corticosteroids followed by decompressive surgery, radiation therapy, or both. 
Noncompressive myelopathy can result from demyelinating, inflammatory, infectious, 
nutritional, toxic/metabolic, vascular, and genetic/hereditary causes. 

Subacute combined degeneration of the spinal cord may be caused by vitamin B12 
deficiency, nitrous oxide exposure, or copper deficiency. 

Dural arteriovenous fistula should be suspected in any patient with progressive 
myelopathy and superimposed episodes of rapid, stepwise clinical deterioration. 
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Presenting Symptoms and Signs of Myelopathies 


Spinal cord disorders, or myelopathies, have a myriad of causes. The diagnostic process involves 
recognizing a myelopathic syndrome, using neuroimaging to detect compressive lesions and 
provide clues about noncompressive causes, and ordering focused laboratory testing to identify 
systemic medical disorders. 


Spinal cord disease presents as motor or sensory dysfunction of the limbs and trunk. Typical 
patterns include symmetric or asymmetric spastic paraparesis (associated with a cervical or 
thoracic lesion) or quadriparesis (associated with a cervical lesion). Some patients note a sensory 
level below which they perceive numbness or neuropathic discomfort (burning, prickling, or a 
tight band-like sensation around the limb or trunk). Lhermitte sign, an electrical shock-like 
sensation that travels down the spine or extremities and is elicited by neck flexion, suggests a 
cervical spinal cord lesion. Neck or back pain may accompany a structural or inflammatory 
lesion, and the presence of pain at a truncal dermatomal level may identify the segment of spinal 
cord involved. Bowel dysfunction, impotence, and urinary urgency, frequency, and incontinence 
may also occur. Cauda equina lesions cause radicular pain, bladder dysfunction, and lower 
extremity sensorimotor symptoms without upper motoneuron signs (because the cauda is 
comprised of spinal roots); these can be difficult to differentiate from myelopathy. 


Examination findings include paraparesis or quadriparesis accompanied by spasticity, 
hyperreflexia, and extensor plantar responses; a truncal sensory level detected with pinprick 
examination; impaired vibratory and proprioceptive sensation; and abnormal gait. 
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Clinical Presentation, Diagnosis, and Management of 
Compressive Myelopathies 


Spinal cord compression is a neurologic emergency because delayed diagnosis and therapy result 
in irreversible neurologic disability. Back pain is typically the sentinel symptom. Paraparesis or 
quadriparesis occurs over days; motor deficit severity at diagnosis is the strongest predictor of 
posttherapeutic ambulatory ability. Disorders that mimic metastatic compression include epidural 
hematomas (usually in the setting of anticoagulation) and epidural abscess (associated with fever 
and elevated erythrocyte sedimentation rate). 


In patients with suspected cord compression, an MRI of the entire spinal cord should be obtained 
immediately both to establish the diagnosis and because of the high incidence of multiple 
compressive sites. Cervical and thoracic spine imaging detects lesions that compress the spinal 
cord, whereas lumbar spine imaging reveals lesions affecting the conus medullaris or the cauda 
equina. CT myelography reliably detects compressive lesions but is more time-consuming than 
MRI and does not detect intrinsic cord lesions. 


Epidural metastasis requires treatment with cortico-steroids (typically, intravenous 
dexamethasone, 96 mg immediately and then 24 mg every 6 hours) followed by radiation 
therapy, decompressive surgery, or both. Indications for surgery include spinal instability and the 


presence of a known tumor type that is radiotherapy resistant, such as lung or renal clear-cell 
carcinoma. A randomized trial demonstrated that the combination of decompressive surgery and 
radiotherapy resulted in superior ambulatory outcomes to that achieved by radiotherapy alone. 
Patients with radiosensitive tumors, such as leukemia, lymphoma, myeloma, and germ-cell 
tumors, were excluded from this protocol. 


In contrast to the acute spinal cord compression syndromes, spinal degenerative changes usually 
cause a subacute to chronic compressive myelopathy. Cervical spondylotic myelopathy is 
common and is associated with hypertrophic changes of the vertebral bodies, facet joints, and 
ligaments, with or without superimposed disk herniations, that result in cervical canal stenosis 
(Figure 25). Onset is usually insidious, with imbalance, numbness in the upper and lower 
extremities, and spastic gait. Upper motoneuron findings (hyperreflexia, extensor plantar 
responses, spasticity) are present in the lower extremities, and lower motoneuron findings 
(muscle atrophy, reduced or absent reflexes) may be present in the upper extremities. Neck pain 
is often present, but cervical radicular pain is typically absent. Cervical spine MRI reveals canal 
narrowing and compression of the spinal cord. Abnormal signal within the cord may represent 
compression-related myelomalacia (scarring), but coexisting disorders, such as vitamin B12 
deficiency or multiple sclerosis, must be considered. Surgical decompression for cervical 
spondylotic myelopathy has been anecdotally reported to halt clinical progression of neurologic 
deficits but may not improve existing deficits. 


Figure 25. Spinal cord compression. 


Left, MRI of the cervical spine of a patient with spinal cord compression due to cervical 
spondylosis. There is stenosis at several levels, worst at C2 to C3 (arrow). Middle, axial MRI 
view of a cervical spinal cord showing effacement of the subarachnoid space, cord compression, 
and bright signal within the cord indicating myelomalacia (arrow). Right, axial MRI view of a 
normal cervical spinal cord and spinal canal for comparison with middle panel. The white 
margin surrounding the spinal cord is the subarachnoid space containing cerebrospinal fluid, and 
the cord is of normal caliber and shape (arrow). 
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Clinical Presentation, Diagnosis, and Management of 
Noncompressive Myelopathies 


Noncompressive myelopathy can be categorized by cause, that is, demyelinating, inflammatory, 
infectious, nutritional, toxic/metabolic, vascular, and genetic/hereditary causes. 


Demyelinating diseases are a leading cause of myelitis and are discussed in Demyelinating 
Diseases. Inflammatory myelopathies may occur with disorders such as sarcoidosis, Sjogren 
syndrome, and systemic lupus erythematosus. Diagnosis requires establishing the presence of 
active systemic disease or, in the case of sarcoidosis, obtaining a tissue biopsy. Treatment 
includes corticosteroids and long-term immunosuppressive therapy dictated by the specific 
diagnosis. 


Inflammatory myelopathies may also be associated with infectious agents or postinfectious 
syndromes. Herpesviruses, enteroviruses, West Nile virus, human T-lymphotropic virus type 1, 
and HIV, among others, may directly infect the cord. Numerous other viruses and bacteria, such 
as Mycoplasma pneumoniae, have been implicated as triggers of a postinfectious, presumably 
autoimmune inflammatory myelopathy. Mycobacterium tuberculosis may be a triggering antigen 
for sarcoidosis. 


Subacute combined degeneration of the cord is caused by vitamin B12 deficiency. The selective 
degeneration of the corticospinal tracts and dorsal columns results in sensory ataxia (because of 
dysfunctional proprioception), lower extremity weakness, and paresthesias. Vitamin B12 
deficiency may be caused by autoimmune pernicious anemia, but malabsorption syndromes 
resulting from gastric surgery, especially gastric bypass procedures, are increasingly common 
causes. Nitrous oxide exposure, either acutely (from anesthesia induction in a patient with a 
borderline serum vitamin Bj level) or chronically (from recreational abuse) can interfere with 
vitamin Bı2 metabolic pathways and trigger a deficiency syndrome. Vitamin B12 deficiency is 
confirmed by demonstrating a low blood level, but some patients with borderline low levels can 
be diagnosed by detecting elevated levels of serum methylmalonic acid and homocysteine (see 
MKSAP 15 Hematology and Oncology). Replacement therapy usually halts progression, and 
some patients improve over time. 


Copper deficiency causes a progressive myelopathy similar to subacute combined degeneration. 
It may occur as a malabsorption syndrome after gastric bypass or in the setting of zinc 
overingestion from purposeful or accidental oversupplementation or overuse of zinc-containing 
drugs. Measurement of serum copper and zinc levels can lead to the diagnosis; controlled 
supplementation may arrest progression or mildly improve symptoms. 


Vascular myelopathies include arterial cord infarctions and dura-based arteriovenous fistulas. 
Ischemic cord infarcts usually involve the anterior spinal artery and result in sudden weakness 
with spared sensation. Although some patients have vascular risk factors, most cases are 
idiopathic. Dural arteriovenous fistulas cause venous congestion due to abnormal connections 
between high-pressure arterial and low-pressure venous systems supplying the cord. Myelopathy 
typically evolves subacutely or chronically, with periods of stepwise deterioration that may 


indicate venous infarction. A spinal cord MRI often shows characteristic findings ( ). 
Spinal angiography establishes the vascular anatomy and guides therapeutic options, such as 
endovascular embolization or surgical ligation. 


Hereditary spastic paraplegia presents as a slowly progressive myelopathy with prominent 
spasticity and relatively mild weakness. There are autosomal dominant and recessive forms, 
some of which are detectable by genetic testing. 


Figure 26. Dural arteriovenous fistula of the spinal cord. 


Sagittal Tl-weighted MRI of the thoracolumbar spine with gadolinium shows enhancement of 
the spinal cord caused by venous congestion (arrow) and prominent tortuous veins along the 
dorsal cord surface (arrowheads). 
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Asthma 


Asthma is a chronic inflammatory disease of the airways characterized by variable and recurrent 
respiratory symptoms, including cough, chest tightness, shortness of breath, and wheezing. The 
disease involves underlying airway inflammation and hyperresponsiveness (an increased 
sensitivity of the airways to an inhaled bronchoconstrictor agonist, a steeper slope of the dose- 
response curve, and a greater maximal response to the agonist) and manifests as airway 
obstruction that is reversible, either spontaneously or with treatment and that can be confirmed 
with pulmonary function testing. Some stimuli (specific allergens) cause an early asthmatic 
response (15- to 30-minute onset and lasting 1 to 2 hours) and a late response (3- to 8-hour onset 
and lasting up to 24 hours), whereas other stimuli, such as exercise, cause an early, but not a late, 
response. Repeated exposure to allergic stimuli can lead to increasing inflammation and 
worsening obstruction. 


Key Points 


e Airway inflammation is an important underlying feature of asthma. 

e In asthma, uncontrolled, long-standing inflammation may lead to permanent structural 
changes known as airway remodeling. 

e Spirometry should be performed in patients with suspected asthma to confirm the 
presence of airway obstruction and reversibility. 

e Measurement of peak expiratory flow rates can be used to monitor airway obstruction at 
home and to assess the relationship between symptoms and airway obstruction. 

e Allergy evaluation should be considered in patients with asthma who require more than 
minimal medication to control their disease. 

e The methacholine challenge test has a high negative predictive value for asthma, and a 
negative test can therefore be used to exclude asthma. 

e Exposure to high levels of irritants (for example, chlorine gas, bleach, or ammonia) can 
result in significant airway injury, which can lead to persistent airway inflammation and 
dysfunction with airway hyperresponsiveness and obstruction. 

e Inpatients with difficult-to-control asthma, lifestyle modifications and a trial of acid 
suppression with a proton pump inhibitor for potential gastroesophageal reflux disease 
should be considered. 

e Patients with allergic bronchopulmonary aspergillosis typically have eosinophilia, 
elevated serum levels of circulating IgE (total and specific IgE against Aspergillus 
fumigatus), and a positive skin test for Aspergillus. 

e The diagnosis of vocal cord dysfunction can be confirmed by flow volume loops when 
the patient is symptomatic, which show an inspiratory cut-off, or laryngoscopy, which 
shows abnormal adduction of the vocal cords. 

e The proper technique for using inhalers is necessary for an adequate therapeutic response 
in asthma; patients should be shown the proper technique, and any patients with poorly 
controlled disease should be evaluated for proper technique. 

e The regular use of inhaled corticosteroids in patients with asthma improves lung function, 
decreases airway hyperresponsiveness, reduces asthma exacerbations, and reduces 
asthma-related mortality. 


e Adding long-acting B2-agonist inhalers in patients whose asthma is not controlled on low- 
to medium-dose inhaled corticosteroids is more effective than doubling the dose of 
inhaled corticosteroids. 

e Leukotriene modifiers may be appropriate for patients with aspirin-sensitive asthma, 
exercise-induced asthma, and virus-induced wheezing. 

e Because of significant drug-drug interaction, toxic serum concentrations of theophylline 
can be reached in a patient who previously had stable levels but who begins taking an 
interfering medication, such as a fluoroquinolone antibiotic. 

e Inhaled corticosteroids should be used for long-term control of asthma during pregnancy; 
all currently available inhaled corticosteroids are considered to be safe during pregnancy. 

e Uncontrolled asthma has a more significant effect on the outcome of pregnancy than the 
potential risk of asthma medications. 
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Epidemiology and Natural History 


Asthma is one of the most common chronic conditions, affecting at least 5% of the adult 
population in the United States. The prevalence of asthma has increased worldwide in recent 
years, especially in industrialized countries; the reasons for this increase are unclear. In the 
United States, minority groups and the poor have a higher prevalence of asthma and higher 
morbidity and mortality from the disease. Although the number of deaths from asthma has 
decreased over the past few years, there are still 4000 deaths from asthma annually in the United 
States, many of which may be preventable. Asthma is diagnosed most commonly in children, but 
adult-onset asthma also occurs. Allergies are common in childhood-onset asthma but are 
somewhat less so in adult-onset disease. Asthma has a hereditary basis, but it appears to be a 
complicated process with multiple involved genes and likely gene-environment interactions. The 
most important environmental factors appear to be airborne allergens and viral infections. Diet, 
tobacco smoke, and air pollutants may also contribute to the development of asthma in 
susceptible persons. Airway obstruction in asthma is typically reversible, but the normal decline 
in lung function with aging appears to be slightly accelerated in patients with asthma, especially 
in patients who are also smokers. 
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Pathogenesis 


The central features of airway histopathology in asthma include infiltration of inflammatory 
cells, edema, subepithelial fibrosis, mucous gland and goblet cell hyperplasia, and increased 
airway smooth muscle mass (Figure 1). These findings are most prominent in patients with more 
severe disease, but they also occur in patients with mild to moderate disease, even when stable 
and relatively controlled. 


Eosinophils are the most commonly detected inflammatory cells in patients with active disease, 
especially patients with an allergic component to their disease. Eosinophils in the sputum are 
associated with increased airway hyperresponsiveness and propensity toward exacerbations, 
although, at this time, examination of sputum for eosinophils is of limited clinical utility in 
patients with stable asthma. Most patients with sputum eosinophilia respond to treatment with 
corticosteroids. Interleukin-5 (IL-5) is involved in the development, activation, and survival of 
eosinophils, and there is significant interest in the potential therapeutic use of a monoclonal 
antibody against IL-5 in asthma. Although early trials of IL-5 in patients with asthma have not 
shown significant improvement, recent studies focusing on patients with more severe asthma and 
significant airway eosinophilia have shown encouraging results, with improved quality of life 
and reduced frequency of asthma exacerbations. 


Neutrophils contribute significantly to the pathogenesis of persistent asthma, especially severe 
persistent asthma, or viral disease—induced asthma exacerbations. If neutrophils are present, the 
disease tends to be less reversible with inhaled bronchodilators, less responsive to corticosteroid 
therapy, and associated with reduced lung function. There are no medications that specifically 
target this neutrophilic phenotype of asthma. However, there is limited evidence that macrolide 
antibiotics and 5-lipoxygenase inhibitors may be effective in treating neutrophilic asthma. 
During asthma exacerbations, the numbers of lymphocytes and their level of activation are 
increased, with a subtype of T helper cells known as Th2 cells predominating. Th2 cells generate 
higher quantities of IL-4, which is important in the production of IgE, and IL-5, which is 
essential for promotion of eosinophilic inflammation. Immunosuppressive therapy that targets 
lymphocytes (for example, cyclosporine and methotrexate) has been tried in patients with asthma 
with limited benefits and significant side effects. Macrophages play a role in airway 
inflammation, probably participating in host defense and antigen presentation, with the potential 
to promote inflammation but also under other circumstances to down-regulate inflammation. The 
release of stored mediators (histamine and tryptase) as well as newly generated mediators 
(leukotrienes and cytokines) from mast cells plays a role in the development of early and late 
responses to inhaled allergens. 


Finally, most patients with asthma show structural alteration in the airway, including 
subepithelial fibrosis, increased muscle mass, angiogenesis, and mucous gland hyperplasia. 
These changes, collectively known as airway remodeling, probably contribute to increased 
airway obstruction, decreased reversibility, and increased morbidity. However, it has been 
suggested that some of the remodeling features are likely to be detrimental (for example, 
increased smooth muscle mass, mucous gland hyperplasia), whereas other features may be 
protective against excessive bronchoconstriction (for example, subepithelial fibrosis, which leads 
to increased airway stiffness and reduces the tendency toward airway closure). The cause of 
airway remodeling is unknown, but chronic unchecked airway inflammation is believed to be an 
important component. 


Figure 1. Lung tissue specimen of a patient who died of 
asthma. 


The specimen shows significant mucus gland hyperplasia (black arrow), subbasement membrane 
thickening (white arrow), and disruption of the elastic fibers (red arrow). 
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Clinical Evaluation 


e Symptoms and Signs 
e Pulmonary Function Testing 
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Symptoms and Signs 


Patients with asthma typically present with recurrent cough, wheezing, chest tightness, and 
shortness of breath. The cough is typically productive. Other significant causes of airway 
obstruction leading to wheezing must be considered both in the initial diagnosis and if there is no 
clear response to initial therapy (Table 1). 


The symptoms of asthma can be intermittent, seasonal, or persistent. Symptoms vary diurnally, 
being worse at night and in the early morning. Precipitating and aggravating factors include 
exercise, environmental allergens, viral respiratory tract infections, cold air, stress, and many 
comorbid conditions (for example, sinusitis, rhinitis, gastroesophageal reflux disease, and 
obstructive sleep apnea). Most asthma exacerbations resolve spontaneously or in response to 
therapy, and the response is often complete. Clinical examination is important for evaluation of 
associated conditions (nasal polyps, rhinitis, or sinusitis) and to assess the signs of airway 
obstruction (wheezing, use of accessory muscles to breathe, hyperinflation). Although none of 
these symptoms and signs is diagnostic of asthma, the combination of these findings in a patient 
with a history of allergy or family history of asthma along with the exclusion of alternative 
diagnoses makes the diagnosis of asthma very likely. 


Table 1. Differential Diagnosis of Asthma 


Condition Comments 


Chronic obstructive Less reversibility of airflow obstruction; associated with a history of 
pulmonary disease tobacco use. May coexist with asthma in adults. 


Vocal cord Abrupt onset of severe symptoms, often with rapid improvement. 

dysfunction Monophonic wheezing heard loudest during either inspiration or 
expiration.The preferred diagnostic test is direct visualization of the vocal 
cords during symptoms or flow volume loops. May closely mimic asthma, 
particularly in young adults. 


Heart failure Spirometry may or may not be normal. Wheezing may be a sentinel 
manifestation of heart failure. Consider heart failure when there is not 
prompt improvement with asthma therapy. Always a consideration for 
persons with underlying cardiac disease. 

Bronchiectasis Voluminous sputum production, often purulent, sometimes blood tinged. 
Suspect when physical examination shows clubbing or crackles with 
wheezing or with peribronchial thickening on chest radiograph. 


Pulmonary Wheezing may occur in ABPA, eosinophilic pneumonia, and Churg- 
infiltration with Strauss syndrome. Note that in uncomplicated asthma, chest radiograph is 
eosinophilia normal. Findings of infiltrates, striking peripheral blood eosinophilia, and 
syndromes constitutional symptoms, such as fever and weight loss, suggest chronic 


eosinophilic pneumonia. Asthma with eosinophilia, markedly high serum 
IgE levels, and intermittent pulmonary infiltrates is characteristic of 
ABPA. Upper airway and sinus disease, difficult-to-treat asthma, and 
multisystem organ dysfunction suggest Churg-Strauss syndrome. 


Mechanical airway Respiratory noises may be more pronounced in the inspiratory or 
obstruction expiratory phase of respiration, depending on location of obstruction. 


Diagnosed by flow volume loops. 


Cystic fibrosis Associated with thick, purulent sputum containing bacteria and 
gastrointestinal symptoms due to pancreatic insufficiency. Recurrent 
respiratory tract infections may be present without gastrointestinal or other 
systemic involvement. 


ABPA = allergic bronchopulmonary aspergillosis. 
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Pulmonary Function Testing 


Patients with suspected asthma should be evaluated with spirometry to confirm airway 
obstruction and to assess its reversibility. Spirometry is recommended in the initial evaluation of 
patients with suspected asthma and should be considered during follow-up evaluations. With the 
availability of hand-held spirometers, pulmonary function can be accurately evaluated in most 
office settings. The FEV,/FVC ratio is typically greater than 75% in normal adults; a lower ratio 
indicates the presence of obstruction. Significant reversibility of obstruction is indicated by a 
12% or greater improvement in FEV, after administration of a short-acting inhaled B.-agonist 


(Figure 2). 


Peak flow meters can be used at home for serial measurement of lung function and to assess the 
relationship of lung function to symptoms. In patients with poor perception of airway 
obstruction, monitoring peak expiratory flow rate (PEFR) may help detect the loss of asthma 
control. When peak flow meters are used for managing asthma in outpatient settings, the highest 
value of PEFR obtained during a 2-week period of stability is regarded as a patient’s personal 
best. Obtaining subsequent values within 20% of the personal best suggests that the disease is 
stable. PEFR reduction of 20% to 50% from personal best indicates a moderate increase in 
airway obstruction, whereas a greater than 50% reduction suggests severe airway obstruction. 
Patients who are poor perceivers of airway obstruction or who have more severe asthma 
symptoms may benefit from regular home monitoring using peak flow meters. Other measures of 
pulmonary function, such as measurements of lung volumes and DLCO, are typically not needed 
for the evaluation of asthma; however, they can be used in the initial evaluation of patients with 
suspected asthma to help exclude other conditions, such as interstitial lung diseases and 
emphysema, which, unlike asthma, are associated with decrease in DLCO. 


In patients who have symptoms suggestive of asthma but normal spirometry, 
bronchoprovocation with methacholine can help establish the presence of airway 
hyperresponsiveness. Methacholine is administered by inhalation in increasing concentrations 
through a dosimeter-activated nebulizer. Spirometry is obtained after inhalation of each dose of 
methacholine to determine the effect on FEV. Increasing doses of methacholine are given until 
there is a 20% or greater reduction in FEV;. The dose-response curve is used to calculate the 
methacholine concentration leading to a 20% reduction in FEV,, which is referred to as the 
provocative concentration 20% (PC29). In normal persons, the PCp is typically greater than 16 


mg/mL; most patients with asthma have a PC of less than 8 mg/mL. Cigarette smoking, chronic 
obstructive pulmonary disease, allergic rhinitis, and recent viral respiratory tract infection can 
lead to increased airway hyperresponsiveness and a positive methacholine challenge test. 
Therefore, the best clinical use of the methacholine challenge test is to exclude asthma in patients 
who have atypical symptoms because it has a high negative predictive value. However, a positive 
test should be correlated with other features of asthma before reaching a clinical diagnosis. 
Additional testing is recommended for patients who have atopic manifestations, such as rhinitis, 
or who describe association of their symptoms with certain exposures or seasons. The results of 
allergy skin tests can help explain symptoms, guide immunotherapy, and target avoidance and 
allergen control measures. Allergy evaluation should also be considered in patients with asthma 
who require more than minimal medication to control their disease. When skin testing cannot be 
obtained because of confounding medications that cannot be discontinued, a radioallergosorbent 
test can be used to measure allergen-specific serum IgE levels. 


Measurement of exhaled nitric oxide is sometimes used as an indirect method of assessing 
airway inflammation in asthma. It is noninvasive, easy to do, and reproducible. In several 
studies, increased exhaled nitric oxide has been shown to correlate with asthma exacerbation and 
with eosinophilic inflammation. Inhaled corticosteroids decrease the levels of exhaled nitric 
oxide so predictably that measurement of nitric oxide levels can be used to test adherence with 
inhaled corticosteroids. An approach to asthma management based on measurement of exhaled 
nitric oxide has been proposed, but there are no randomized clinical trials that support this 
approach. 


Measurement of sputum eosinophils also has been proposed as a means of evaluating disease 
activity and propensity toward exacerbations. Reducing the level of sputum eosinophils and 
maintaining them at normal range have been shown to improve asthma control and reduce 
exacerbations; however, obtaining sputum samples and reliably measuring sputum eosinophils 
can be difficult, and this approach is largely limited to some specialty clinics and research 
settings. 


FEV, 
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Figure 2. Spirometry before and after an inhaled 
bronchodilator showing reversible airway obstruction. 


Table 2. Goals of Therapy for Control of Asthma 


Reduce Impairment 


Prevent chronic and troublesome symptoms (coughing or breathlessness during the day, night, or 
after exertion) 


Require infrequent use (<2 days a week) of inhaled short-acting B.-agonist for quick relief of 
symptoms (not including prevention of exercise-induced bronchospasm) 


Maintain (near) normal pulmonary function 


Maintain normal activity levels (including exercise and other physical activity and attendance at 
school or work) 


Meet patients’ and families’ expectations of and satisfaction with asthma care 
Reduce Risk 


Prevent recurrent exacerbations of asthma and minimize the need for emergency department 
visits or hospitalizations 


Prevent loss of lung function 
Provide optimal pharmacotherapy with minimal or no adverse effects of therapy 


Reproduced with permission from U.S. Department of Health and Human Services, National 
Institutes of Health. Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and 
Management of Asthma—Summary Report 2007. 
www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. Published October, 2007. Accessed July 
15, 2009. 
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Asthma Syndromes 


Occupational Asthma 


e Reactive Airways Dysfunction Syndrome 
e Virus-induced Asthma 
e Cough-variant Asthma 
e Asthma and Gastroesophageal Reflux Disease 
e Allergic Bronchopulmonary Aspergillosis 
e Exercise-induced Bronchospasm 
e Vocal Cord Dysfunction 
e Aspirin-sensitive Asthma 
PreviousNext 


Occupational Asthma 


Patients with asthma should be asked about their workplace exposures, particularly to irritants, 
sensitizing chemicals, and allergens. Asthma related to the work environment can be based on 
allergic sensitization or nonallergic mechanisms. Asthma symptoms may not occur during or 
immediately after exposure to the offending agent. Resolution or significant improvement in 
symptoms during weekends and vacations is an important but not universal feature of 
occupational asthma. Patients with occupational asthma may show improvement in lung 
function, symptoms, and airway hyperresponsiveness over time, provided that they have no 
subsequent exposure to the offending agent. 
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Reactive Airways Dysfunction Syndrome 


Exposure to high levels of irritants (for example, chlorine gas, bleach, or ammonia) can result in 
significant airway injury, which can lead to persistent airway inflammation and dysfunction with 
airway hyperresponsiveness and obstruction. After a single exposure, typically accidental, the 
patient may develop chronic and persistent cough, shortness of breath, and chest tightness. This 
is known as the reactive airways dysfunction syndrome (RADS). The symptoms of RADS may 


subside with time but can persist for years in some patients. Like patients with occupational 
asthma, patients with RADS may show improvement over time, provided that they have no 
subsequent exposure to the offending agent. 
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Virus-induced Asthma 


Infection with rhinovirus, influenza virus, and respiratory syncytial virus has been associated 
with asthma exacerbation. Rhinovirus is the most common infectious cause of asthma. Although 
it is mostly limited to the upper airway, the virus has been recovered from the lower airway in 
patients with colds. Direct lower airway infection and promotion of airway inflammation have 
been proposed as potential mechanisms for virus-induced asthma. Typically, asthma 
exacerbations occur 2 to 4 days after the onset of the cold and can range from mild to very severe 
exacerbations. When mild, these exacerbations can be treated with inhaled corticosteroids and 
long-acting B2-agonists; however, severe exacerbations require therapy with systemic 
corticosteroids. Whether doubling (or quadrupling) the dose of inhaled corticosteroids is as 
effective as using systemic corticosteroids is not known at this time. 
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Cough-variant Asthma 


In a subset of patients with asthma, cough can be the predominant or, at times, the only 
symptom. This syndrome is called cough-variant asthma, and it needs to be distinguished from 
other causes of chronic cough, such as rhinitis or gastroesophageal reflux disease. Patients with 
cough-variant asthma typically have airway hyperresponsiveness on methacholine challenge 
testing and can show evidence of obstruction on spirometry, with improvement after inhaled 
bronchodilators (see MKSAP 15 General Internal Medicine). 


Treatment of cough-variant asthma is similar to treatment of asthma in general; however, in a 
subset of patients, cough can be very difficult to control despite the appropriate use of anti- 
asthma medications. A comprehensive management plan for all provoking factors is essential to 
achieving control in these patients. 
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Asthma and Gastroesophageal Reflux Disease 


Gastroesophageal reflux disease (GERD) is common in patients with asthma and can lead to 
chronic cough resembling that of cough-variant asthma or may result in worsening asthma 
control and severity. Patients with refractory asthma should be evaluated for GERD (see 


MKSAP 15 Gastroenterology and Hepatology). Although heartburn is a common symptom in 
GERD, many patients do not have typical symptoms and can be asymptomatic. Therefore, in 
patients with difficult-to-control asthma, lifestyle modifications and a trial of acid suppression 
with a proton pump inhibitor should be considered. Acid suppression neutralizes the acidity of 
the gastric juices but does not prevent reflux. Therefore, patients with GERD and asthma should 
be encouraged to adopt lifestyle changes to reduce reflux, including avoiding meals close to 
bedtime, avoiding certain foods, and elevating the head of the bed. If GERD is still suspected, a 
24-hour esophageal pH monitoring study should be considered. 
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Allergic Bronchopulmonary Aspergillosis 


In patients with difficult-to-control asthma and a history of recurrent pulmonary infiltrates, 
allergic bronchopulmonary aspergillosis (ABPA) should be considered. The ubiquitous fungus 
Aspergillus fumigatus can grow in the bronchial secretions of patients with asthma or cystic 
fibrosis. The organism does not invade tissue, but it results in immune-mediated allergic 
inflammation, with subsequent damage to the bronchial wall and development of proximal 
bronchiectasis that can be best demonstrated on high-resolution CT scan of the chest. Affected 
patients typically have eosinophilia, elevated serum levels of circulating IgE (total and specific 
IgE against A. fumigatus), and a positive skin test for Aspergillus. The treatment of ABPA is 
similar to that of asthma in general, but the initial therapy involves systemic corticosteroids until 
the disease is controlled; the corticosteroid dosage is then tapered, and IgE levels are monitored. 
Untreated, ABPA can result in permanent lung damage and fibrosis. 
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Exercise-induced Bronchospasm 


Exercise-induced bronchospasm (EIB) can develop in most patients with asthma if they do high- 
intensity exercise. The occurrence of EIB is related to the degree of ventilation with significant 
contribution of cooling and drying of the airways. The symptoms typically occur during or 
shortly after exercise, peak within 5 to 10 minutes after stopping the activity, and resolve in less 
than 30 minutes. The disorder can be confused with vocal cord dysfunction, which can also be 
induced by exercise. Exercise challenge testing helps confirm the diagnosis. Typically, a 15% 
reduction in FEV, after intense exercise is compatible with the diagnosis. 


Affected patients do not have to limit their participation in sports or other physical activities. 
Approximately 10% of the athletes on the U.S. Olympic teams in recent years had EIB. The 
bronchospasm can be prevented by adequate warm-up before exercise, by wearing a mask or 
scarf over the mouth in cold weather, or by therapy with short- or long-acting B2-agonists or 
leukotriene antagonists. Short-acting B2-agonists given 10 to 15 minutes before exercise can 
prevent EIB for up to 3 hours. In some patients, EIB is the only manifestation of asthma, and 


such patients require treatment with intermittent short-acting inhaled B2-agonists before exercise 
without regular use of long-term controller therapy. 
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Vocal Cord Dysfunction 


Vocal cord dysfunction (VCD) simulates asthma and manifests as recurrent wheezing and 
stridor. Symptoms can occur suddenly without a clear cause or in response to irritants, exercise, 
or stress; VCD can occur in patients with or without asthma. Patients with VCD can have 
exercise-induced symptoms that are difficult to distinguish from exercise-induced bronchospasm, 
and both conditions can occur in competitive athletes. Recognizing VCD is important because it 
is treated differently from asthma; unrecognized, it can lead to unnecessary treatment with high- 
dose inhaled or systemic corticosteroids. The diagnosis can be confirmed by flow volume loops 
when the patient is symptomatic, which show an inspiratory cut-off (Figure 3), or laryngoscopy, 
which shows abnormal adduction of the vocal cords. Treatment involves speech therapy, 
behavior modification, and patient education. During an acute attack, inhalation of a helium- 
oxygen mixture and continuous positive airway pressure can relieve the symptoms of VCD. 


Volume 
Inspiration Inspiration 


Figure 3. Flow volume loops in vocal cord dysfunction. 


Flow 
Flow 


Flow volume loops showing maximum inspiratory and expiratory flow-volume relationships in a 
patient with vocal cord dysfunction during asymptomatic (left) and symptomatic (right) periods. 
Note also the marked adduction of the vocal cords with severe reduction of the glottic aperture 
during a symptomatic period (right) of airway obstruction. 
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Aspirin-sensitive Asthma 


Up to 20% of adults with asthma develop bronchoconstriction after taking aspirin or other 
NSAIDs. Patients with asthma, especially those with poorly controlled disease, should be asked 
about the use of these analgesics and advised to avoid taking them. Patients who must use aspirin 
should be referred for desensitization. The mechanism for aspirin-induced asthma involves 
increased leukotriene levels, and, as such, patients with mild disease may benefit from the use of 
leukotriene modifying agents (montelukast, zafirlukast) as part of their asthma treatment. 
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Management of Asthma 


The goal of therapy for asthma is to reduce impairment and risk (Table 2). Impairment is based 
on the frequency of daytime symptoms, nighttime symptoms, need for the use of a rescue 
inhaler, limitation in activity, and lung function. Risk is based on the frequency of asthma 
exacerbation, which can occur even in patients with limited symptoms and relatively preserved 
lung functions between exacerbations. Asthma is classified according to the degree of 
impairment and risk as intermittent or persistent, and persistent asthma is further classified as 
mild, moderate, or severe (Table 3). 


A stepwise approach to managing asthma is recommended to gain and maintain control of the 
disease and to limit impairment and risks (Figure 4). 


Persistant asthma: Daily medication 


Intermittent Consult with asthma specialist if step 4 care or higher is required 
asthma Consider consultation at step 3 


Step 6 
= Step up if 
Preferred: needed 
High-dose ICS f 
+ LABA + oral (first check 
corticosteroid adherence, 
Step 4 environmental 
AND control, and 
Step 3 Preferred: comorbid 
Medium-dose Consider conditions) 
Preferred: ICS + LABA Omalizumab for 
Low-dose ICS Consider patients who 
Step 2 + LABA or Alternative: Omalizumab for have allergies 
Medium-dose Medium-dose patients who 
Preferred: Ics ICS + either LTRA, have allergies 
Low-dose ICS Theophylline, 
Step 1 Alternative: or Zileuton 
sd Alternative: Low-dose 
Preferred: Cromolyn, LTRA, ICS + LTRA, 


Nedocromil, or 
SABA PRN a Theophylline, 
Theophylline or Zileuton 


Step down if 
possible 


(and asthma is 
well controlled 


Each step: Patient education, environmental control, and management of comorbidities at least 
3 month 
Steps 2-4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma naa 


Quick relief medication for all patients 


* SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 treatments at 
20-minute intervals as needed. Short course of oral systemic corticosteroids may be needed 


* Use SABA >2 days a week for symptom relief (not prevention of EIB); generally indicates inadequate control and 
the need to step up treatment 


Figure 4. Stepwise approach to asthma therapy. 


EIB = exercise-induced bronchospasm; ICS = inhaled corticosteroids; LABA = long-acting B2- 
agonist; LTRA = leukotriene receptor antagonist; PRN = as needed; SABA = short-acting ß2- 
agonist. 


Reproduced with permission from National Heart, Lung, and Blood Institute. Expert Panel 


Report 3 (EPR-3): Guidelines for the Diagnosis and Management of Asthma—Summary Report 
2007. 


Table 3. Classification of Asthma Severity 


Persistent 
Components of Intermittent Mild Moderate Severe 


Severity 


Symptoms 


Nighttime 
awakenings 
SABA use for 
symptom control 


(not prevention of 


EIB) 


Interference with 
normal activity 


Lung function 


Exacerbations 


(consider frequency 


and severity) 


<2 days/week 
<2 x/month 


<2 days/week 


None 


Normal FEV, 
between 


exacerbations FEV, 
>80% of predicted 
FEV,/FVC normal 


0-2/year 


Recommended step Step 1 


for initiating 


treatment (see Figure 


4 for treatment 
steps)* 


Impairment’ 


>2 days/week 
but not daily 


3-4 x/month 


>2 days/week 
but not more 
than 1 x/d 


Minor 
limitation 
FEV, >80% 
of predicted 
FEV ,/FVC 
normal 


Risk 


Step 2 


Daily 


>] x/week but not 


nightly 
Daily 


Some limitation 


FEV, >60% but 


<80% of predicted 


FEV,/FVC 
reduced 5% 


>2/year 


Step 3; consider 
short courses of 
systemic 
corticosteroids 


EIB = exercise-induced bronchospasm; SABA = short-acting B-agonist. 


Throughout the 
day 
Often 7 x/week 


Several times a 
day 


Extremely limited 


FEV, <60% of 
predicted 
FEV,/FVC 
reduced >5% 


Step 4 or 5; 
consider short 
courses of 
systemic 
corticosteroids 


“Normal FEV ,/FVC: 8-19 years old, 85%; 20-39 years old, 80%; 40-59 years old, 75%; 60-80 


years old, 70%. 


Frequency and severity may fluctuate over time for patients in any severity category. 


“Relative annual risk for exacerbations may be related to FEV}. 


“In 2 to 6 weeks, evaluate the level of asthma control that is achieved and adjust therapy 


accordingly. 


Reproduced with permission from U.S. Department of Health and Human Services, National 
Institutes of Health. Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and 

Management of Asthma—Summary Report 2007. 
www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. Published October, 2007. Accessed July 


15, 2009. 
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Pharmacotherapy for Asthma 


Therapy by metered-dose inhaler with various agents is essential in asthma. The proper 
technique for using the various inhalers is necessary for an adequate therapeutic response. 
Patients should be shown the proper technique for using inhalers, and any patients with poorly 
controlled disease should be evaluated for the proper inhaler technique. 
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B.-Agonists 


All patients with asthma should be treated with a bronchodilator. Short-acting B2-agonists (for 
example, albuterol) are the most effective bronchodilators; they have a rapid onset of action and 
effectively relieve bronchoconstriction and protect against exercise- and cold air—induced 
asthma. Using B2-agonists by metered-dose inhaler is an effective means of drug delivery to the 
lung. Some patients may have difficulty mastering inhaler technique, particularity older patients 
and those with musculoskeletal or neurologic disorders. In such patients, inhalation aids or other 
modes of delivery should be considered. 


Short-acting B2-agonists should be used as needed rather than on a regular scheduled basis. 
Long-acting B2-agonists (salmeterol and formoterol) provide bronchodilation for up to 12 hours 
and prevent exercise-induced asthma. Formoterol has a rapid onset of action; salmeterol has a 
relatively slow onset. Adding long-acting B2-agonist inhalers in patients whose disease is not 
controlled on low- to medium-dose inhaled corticosteroids is superior to doubling the dose of 
inhaled corticosteroids with regard to improving symptom control and reducing exacerbations. 
Long-acting B2-agonists control asthma symptoms but have no anti-inflammatory effects. 
Because airway inflammation is a major component of the pathophysiology of asthma, long- 
acting B2-agonists should not be used as single-agent therapy in asthma because this can lead to 
masking inflammation and worsening of asthma control with increased risk for asthma-related 
complications. 


Inhaled B2-agonists are well tolerated in most patients; side effects may include tremor, 
arrhythmias, and hypokalemia. The safety of B2-agonists in asthma has been questioned in some 
studies over the past two decades. Findings from these studies are now believed to reflect the use 
of nonselective B2-agonists, which are no longer available, or excessive use of B2-agonists in the 
absence of anti-inflammatory therapy, which reflects inadequate treatment of severe and unstable 
asthma rather than an effect of B2-agonists themselves. 


More recently, questions were raised about the safety of B2-agonists in a subgroup of patients 
with asthma who are homozygous for arginine (Arg/Arg) rather than glycine at position 16 of the 
B2-adrenergic receptor. Studies done by the Asthma Clinical Research Network suggested that 


this polymorphism in the receptor could lead to an unfavorable response to a short-acting B2- 
agonist when used regularly but not when used as needed. A similar study that randomized 
patients based on their genotype to use of long-acting B2-agonists or placebo showed no 
significant increase in asthma morbidity related to the use of long-acting B2-agonists. A large 
study of 26,000 patients with asthma who were randomized to salmeterol versus placebo 
(Salmeterol Multi-center Asthma Research Trial, SMART) revealed a small increase in asthma- 
related deaths and/or life-threatening experiences in patients receiving salmeterol. This effect 
occurred largely in the black population. As a result of this study, the U.S. Food and Drug 
Administration (FDA) issued an advisory with regard to increased risk for asthma-related 
complications with regular use of long-acting B2-agonists. It is now recommended that long- 
acting B2-agonists be used as a controller therapy in patients who remain symptomatic despite the 
use of inhaled corticosteroids, which are the first-line controller therapy in persistent asthma. 
Long acting B2-agonists should not be used without concomitant anti-inflammatory therapy with 
inhaled corticosteroids. 
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Inhaled Corticosteroids 


Inhaled corticosteroids exert an anti-inflammatory effect by reducing the number of mast cells, 
eosinophils, and lymphocytes and by reducing cell activation. As such, they reduce generation of 
cytokines by airway cells and block the late allergic response to allergens. Corticosteroids can 
also up-regulate B-adrenergic receptor function, thereby enhancing the effectiveness of B2- 
agonists. The regular use of inhaled corticosteroids in patients with asthma improves lung 
function, decreases airway hyperresponsiveness, reduces asthma exacerbations, and reduces 
asthma-related mortality. 


Most side effects of inhaled corticosteroid therapy are local, such as dysphonia (in part from 
myopathy of small muscles of phonation), oral thrush, and cough. Regular and careful mouth- 
rinsing after the use of inhalers and the use of inhalation aid devices can significantly reduce or 
eliminate the occurrence of these local side effects. When these effects do occur, they can be 
managed with dose reduction (which often alleviates dysphonia) and topical antifungal therapy 
for oral thrush. However, some patients cannot tolerate the side effects and require alternative 
control medications. 


The systemic side effects of inhaled corticosteroids are relatively uncommon but do occur in 
patients on high-dose therapy, particularly long-term, high-dose therapy. These effects include 
adrenal suppression, reduced growth velocity in children, weight gain, glaucoma, cataracts, 
osteopenia, and skin thinning. Therefore, the lowest dose consistent with disease control should 
always be used. For most end points, the effects of inhaled corticosteroids are relatively flat at 
high doses. Step-down therapy should be considered at regular intervals, perhaps every 3 
months, if the disease is adequately controlled. 
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Leukotriene Modifiers 


Initially called the slow reacting substance of anaphylaxis, leukotrienes have important effects in 
asthma, including vasodilatation, mucus secretion, and inflammation. Leukotriene-modifying 
drugs include the leukotriene receptor antagonists montelukast and zafirlukast and the 5- 
lipoxygenase inhibitor zileuton. Because of the need for close monitoring of liver function in 
patients treated with zileuton and difficulty in maintaining adherence to therapy with this 
medication, which is given four times a day, its use has been limited. In patients with asthma, 
leukotriene modifiers improve lung function, reduce symptoms, improve quality of life, reduce 
the need for albuterol rescue, and prevent exercise-induced asthma. These agents have only a 
modest anti-inflammatory effect, particularly compared with that of inhaled corticosteroids. 
Leukotriene modifiers can be used as an alternative to corticosteroids but are not preferred 
therapy for persistent asthma. 


Patient response to leukotriene modifiers varies significantly, with a subset of patients showing 
significant response and many others showing limited or no response. These agents may have an 
added advantage of relieving the allergic response, particularly the early response, as well as 
providing some relief from other allergic manifestations, such as rhinitis and sinusitis. 
Leukotriene modifiers may be appropriate for patients with aspirin-sensitive asthma, exercise- 
induced asthma, and virus-induced wheezing. Leukotriene modifiers have been associated with 
the development of the Churg-Strauss syndrome in patients with asthma who are tapering the 
dosage of oral corticosteroids. It is unclear whether this is due to unmasking preexisting Churg- 
Strauss syndrome or a direct causal relationship of the drug. Recently, neuropsychiatric side 
effects, including agitation, depression, and suicide, have been reported in patients taking 
leukotriene modifiers. Therefore, the FDA advised stopping these drugs if patients start 
experiencing neuropsychiatric symptoms. 
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Theophylline 


Theophylline is an inhibitor of phosphodiesterase, but it appears to work through other 
mechanisms, including activation of histone deacetylase and adenosine antagonism. 
Theophylline is a mild bronchodilator with limited anti-inflammatory effect. Theophylline can 
inhibit the transcription of proinflammatory genes that regulate the production of cytokines, such 
as granulocyte-macrophage colony-stimulating factor and interleukin-8 (IL-8). Other possible 
effects of theophylline include improved respiratory muscle contraction and enhanced respiratory 
ciliary function. The therapeutic serum concentration of theophylline is between 5 and 12 ng/mL 
(27.75 and 66.6 umol/L); such side effects as tremor, palpitations, headache, nausea, and 
vomiting can occur in the high therapeutic to slightly supratherapeutic range. More serious side 
effects, such as life-threatening arrhythmias and seizures, can occur at concentrations greater 
than 20 ug/mL (111 umol/L). Because of significant drug-drug interaction, these toxic 
concentrations can be reached in a patient who previously had stable serum theophylline levels 
but who begins taking an interfering medication, such as a fluoroquinolone antibiotic (for 


example, ciprofloxacin). Theophylline levels should therefore be monitored regularly and 
adjusted when patients are given other medications that can interfere with the metabolism of this 
agent. Because of these side effects, theophylline is not recommended as a first-line therapy for 
chronic asthma. It should be considered as an add-on option in patients who do not respond 
adequately to other controller treatments. The use of theophylline in acute asthma exacerbation is 
not recommended because of its limited added benefit as a bronchodilator and significant risk for 
toxicity. 
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Anti-IgE Antibody 


IgE is integral to the allergic response. IgE receptors on basophils and mast cells allow IgE 
molecules to bind to the surface of these cells. When they encounter a specific allergen, the IgE 
molecules on the surface of these cells are cross-linked, leading to release of mediators, 
including histamine, leukotrienes, and proinflammatory cytokines. 


Omalizumab, a recombinant monoclonal antibody that binds to the Fc portion of IgE antibody, is 
approved for use in patients with moderate to severe, persistent allergic asthma. By binding to 
the free circulating IgE, omalizumab prevents IgE from attaching to its receptors on the surface 
of basophils and mast cells, thus limiting IgE cross-linking and release of mediators. The amount 
of anti-[gE antibody given to patients needs to be adjusted based on the patients’ weight and 
circulating serum IgE level so that the majority of free [gE in the serum is bound and therefore 
unavailable to attach to the surface of basophils and mast cells. Treatment with omalizumab 
improves asthma control, reduces exacerbations, and lowers the required dose of corticosteroids. 
Omalizumab is given as a subcutaneous injection every 2 to 4 weeks based on patients’ weight 
and serum IgE levels. There is a small risk for serious anaphylactoid reactions, which have 
occurred in roughly 1 of 1000 patients. Therefore, treated patients need to be observed for at 
least 2 hours after the initial three doses and for 1 hour after subsequent treatments. Like other 
biologic medications, omalizumab is expensive, with therapy costing up to $36,000 per year. 
Therefore, it should be reserved mainly for patients with severe, poorly controlled asthma who 
do not respond to other treatments. 
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Allergen Immunotherapy and Allergen Avoidance 


Immunotherapy can be useful in patients with allergic rhinitis and insect sting hypersensitivity. 
In patients with specific allergic symptoms, allergen avoidance is recommended. Several studies 
have assessed the benefits of house dust mite control measures (for example, encasing bedding), 
but results show limited benefits. Several modifications of immunotherapy are being explored, 
including sublingual administration that can be given at home and using antigen that has been 


conjugated with immunostimulatory molecules. These approaches may be as effective as or more 
effective than traditional subcutaneous injections. 
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Alternative and Complementary Therapies 


Alternative therapies, such as use of vitamins, relaxation and breathing techniques, acupuncture, 
homeotherapy, herbal medication, and chiropractic manipulation, have been proposed as therapy 
for asthma. There is, however, no convincing evidence to support recommending any of these 
treatments for asthma, and in some cases, such as use of certain herbal therapies, there could be 
significant potential for harm. 
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Asthma and Pregnancy 


Asthma can lead to increased pregnancy-related complications (preeclampsia, low birth weight, 
premature labor, and infant mortality), most commonly in patients with severe, poorly controlled 
disease. During pregnancy, asthma may improve, worsen, or remain stable. Patients with asthma 
who become pregnant should be monitored regularly to evaluate disease activity and to attempt 
step-down therapy if feasible. The short-acting B2-agonist albuterol has an excellent safety 
profile and is recommended for quick relief of asthma symptoms during pregnancy. Inhaled 
corticosteroids should be used for long-term control of asthma during pregnancy. All currently 
available inhaled corticosteroids are considered to be safe during pregnancy. Pregnant patients 
whose asthma is controlled on an inhaled corticosteroid should continue the same medication 
during their pregnancy. If another controller medication is required, salmeterol is the 
recommended long-acting B2-agonist because of its length of time on the market, lack of known 
pregnancy-related side effects, and demonstrated efficacy. Cromolyn sodium, montelukast, 
zafirlukast, and theophylline can be used during pregnancy if necessary, but they are considered 
less preferred alternatives to inhaled corticosteroids. For acute severe asthma exacerbations 
during pregnancy, oral corticosteroids are recommended, even though a small risk of congenital 
malformations has been reported. Acute severe asthma can be fatal, and uncontrolled asthma has 
a more significant effect on the outcome of pregnancy than the potential risk of asthma 
medications. 
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Chronic Obstructive Pulmonary Disease 


Chronic obstructive pulmonary disease (COPD) is a slowly progressive, variably inflammatory 
disease of the airways and lung parenchyma that is characterized by a gradual loss of lung 
function with increasing obstruction to expiratory airflow. The obstruction is due to 
inflammatory narrowing of the small airways and proteolytic digestion of lung tissue adjacent to 
these airways. The inflammation, which intensifies as the disease progresses, increases the risk 
of exacerbations that affect health status, exercise tolerance, and quality of life. The symptoms of 
COPD become more severe as lung function deteriorates (Figure 5). 


COPD is also associated with significant extrapulmonary effects, particularly in patients with 
severe disease. Cachexia is common in patients with severe COPD and is linked with reduced 
survival, poor functional status, and health-related diminished quality of life. There may be a loss 
of skeletal muscle mass and weakness as a result of deconditioning, malnutrition, and even 
programmed cell death (apoptosis). There is also an increased likelihood of osteoporosis and 
depression. These systemic effects are probably interrelated and multifactorial, including 
inactivity, systemic inflammation, tissue hypoxia, and oxidative stress. Increased concentrations 
of inflammatory mediators indicating immune activation also have been found and may mediate 
some of these systemic effects. These systemic effects add to the respiratory morbidity produced 
by the underlying pulmonary disease. 


The current clinical classification of COPD fails to take into account the heterogeneity of the 
disease. COPD appears to represent a spectrum of overlapping diseases with important 
extrapulmonary consequences. A phenotype describes the outward physical manifestations of a 
particular disease and includes everything that is part of the observable structure, function, or 
behavior of an individual. In COPD, phenotypic components include frequent exacerbations, 
cachexia, rapid decline in pulmonary function, airway hyperresponsiveness, impaired exercise 
tolerance, and emphysema or airways disease. All of these phenotypes have smoking as a 
common risk factor, but the other risk factors that determine these phenotypes remain poorly 
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Figure 5. Deterioration of lung function in patients with 
chronic obstructive pulmonary disease. 


Symptoms generally develop only after a significant decline in FEV, has occurred; they progress 
as lung function deteriorates. 


Reproduced with permission from: Sutherland ER, Cherniack RM. Management of chronic 
obstructive pulmonary disease. N Engl J Med. 2004;350(26):2689-2697. [PMID: 15215485] 
Copyright 2004, Massachusetts Medical Society. All rights reserved. 


Key Points 


e Smoking cessation is the single most clinically effective—and cost effective—way to 
prevent chronic obstructive pulmonary disease, to slow progression of established 
disease, and to improve survival. 

e A postbronchodilator FEV, less than 80% of predicted and FEV ,/FVC less than 0.70 
confirm the presence of airflow limitation that is not fully reversible and is compatible 
with chronic obstructive pulmonary disease. 

e Inhaled medications are central to the management of chronic obstructive pulmonary 
disease; if a patient is not responding to therapy, the inhaler technique should be 
evaluated before therapy is adjusted. 

e Influenza and pneumococcal vaccines are recommended for all patients with chronic 
obstructive pulmonary disease. 

e Pulmonary rehabilitation improves exercise tolerance, decreases dyspnea and fatigue, and 
improves quality of life in patients with chronic obstructive pulmonary disease. 

e The use of long-term oxygen therapy in patients with chronic respiratory failure improves 
survival and has a beneficial effect on hemodynamics, exercise capacity, and mental 
status. 

e Lung volume reduction surgery is efficacious in appropriately selected patients with 
chronic obstructive pulmonary disease. 

e Exacerbations of chronic obstructive pulmonary disease must be aggressively managed 
with short-acting B-agonists, short-acting anticholinergic agents, and oxygen therapy if 
warranted. 

e In exacerbations of chronic obstructive pulmonary disease, therapy should include 
antibiotics to treat the potential infectious triggering event and systemic corticosteroids to 
manage the airway and parenchymal inflammation resulting in bronchoconstriction. 

e The use of noninvasive intermittent ventilation in severe chronic obstructive pulmonary 
disease exacerbations improves respiratory acidosis and decreases severity of dyspnea 
and length of hospital stay. 
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Epidemiology 


COPD is more common than once believed, with prevalence in adults older than 40 years 
estimated at about 10%. An estimated 24 million adults in the United States have symptomatic 
COPD, 12 million physician-diagnosed and 12 million undiagnosed. The prevalence is greater in 
men than women and in whites than blacks and increases with age. The 30-year projections for 
the global increase in COPD from 1990 to 2020 indicate that it is expected to move from fourth 
to third in terms of morbidity. In 1990, COPD was the twelfth leading cause of disability- 
adjusted life years lost worldwide and, according to projections, will be the fifth leading cause in 
2020, behind ischemic heart disease, major depression, traffic accidents, and cerebrovascular 
disease. The disease also is associated with several comorbid conditions (accelerated by chronic 
inflammation and smoking-related toxins, including carcinogens) that significantly affect 
morbidity and mortality, including cancer, coronary artery disease and other vascular diseases, 
osteoporosis, and diabetes mellitus. 


The Global Burden of Disease Study projected that COPD will rise from sixth to third most 
common cause of death by 2020. Mortality trends are particularly striking in women. Worldwide 
COPD deaths in women have been rising steadily since the 1970s, with the number of deaths in 
women exceeding those in men in the year 2000. The substantial increase in morbidity and 
mortality is caused by a combination of increased tobacco use and changing global 
demographics, especially in developing countries; these changing demographics enable more 
people to survive long enough to develop COPD. In the United States, COPD is currently the 
fourth leading cause of death and is projected to be the third leading cause of death for both men 
and women by the year 2020. Among the six leading causes of death in the United States from 
1970 through 2003 (heart disease, stroke, cancer, accidents, diabetes mellitus, COPD), mortality 
rates for heart disease, stroke, cancer, and accidents have declined, whereas deaths from COPD 
doubled and deaths from diabetes increased by 45%. 


COPD is also a costly disease. In developed countries, exacerbations of COPD account for the 
greatest burden on the health care system. In the United States in 2002, the direct costs of COPD 
were $18 billion and the indirect costs totaled $14.1 billion. 
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Risk Factors 


Essentially all risk for COPD results from an interaction between host factors (genetics, airway 
hyperresponsiveness, lung growth influencing size distribution of small airways, sex, race) and 
environmental factors (tobacco smoke, passive smoke, marijuana smoke, pollution, occupational 
dusts/chemicals, socioeconomic status, respiratory infections, and diet) (Table 4). 


Cigarette smoking is by far the most common risk factor for COPD. Cigarette smokers have a 
higher prevalence of respiratory symptoms and lung function abnormalities, a greater annual rate 
of decline in FEV,, and a greater COPD mortality rate than nonsmokers. The risk for COPD in 
smokers is dose related. Age at starting to smoke, total pack-years smoked, and current smoking 
status are all predictive of COPD mortality. Smoking cessation is the single most clinically 
effective—and cost effective—way to prevent COPD, to slow progression of established disease, 
and to improve survival. 


There is significant evidence that supports a hereditary component to the development of COPD. 
The disease clusters in families, and several studies have demonstrated an increased incidence of 
COPD in relatives of affected patients compared with controls. COPD is a polygenic disease, of 
which the best documented genetic influence is hereditary deficiency of o-antitrypsin (a 
circulating inhibitor of serine protease) that leads to severe emphysema at a very early age, 
particularly in smokers. Although other genes have been implicated in COPD pathogenesis 
(including genes controlling transforming growth factor B1, microsomal epoxide hydroxylase 1, 
and tumor necrosis factor a), the study of genetic conditions other than a)-antitrypsin deficiency 
has yielded inconsistent results. 


Exposure to various inhaled particles may contribute to the risk for COPD. However, only 
tobacco smoke and occupational dust and chemicals (vapors, irritants, fumes) are known to cause 
COPD. Inhaled cigarette smoke and other noxious particles cause lung inflammation, a normal 
response that appears to be amplified in the subset of smokers who develop COPD. This 
inflammatory response may damage and thicken small airways and also disrupt normal repair 
mechanisms (resulting in small airway fibrosis) but also is associated with release of proteases 
from the inflammatory cells that dissolve some of the adjacent supporting lung tissue that tethers 
the small airways (resulting in centrilobular emphysema). These pathologic changes lead to 
progressive expiratory airflow limitation and sometimes to lung volumes in some patients 
showing increased residual volume (air trapping) and increased total lung capacity 
(hyperinflation). Hyperinflation flattens the diaphragm and reduces its effectiveness, making use 
of accessory muscles of breathing more important, and also markedly increases the work of 
breathing as chest wall compliance decreases. Low DLCO correlates with the degree of 
emphysema as the capillary bed is reduced by lung parenchyma loss. 


Table 4. Risk Factors for Chronic Obstructive Pulmonary 
Disease 


Genes 

Exposure to particles 

Tobacco smoke 

Occupational dusts (organic and inorganic) 
Indoor air pollution 

Heating and cooking with biomass fuel in poorly vented buildings 
Outdoor air pollution 

Lung growth and development 

Oxidative stress 

Sex 

Age 

Socioeconomic status 

Nutrition 

Comorbidities 


Reproduced with permission from Global Strategy for the Diagnosis, Management and 


Prevention of COPD, Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2007. 


www.goldcopd.org/Guidelineitem.asp?11=2&12=1 &intld=2003. Published 2008. Accessed June 
15, 2009. Copyright 2008, Medical Communications Resources Inc. 
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Assessment and Monitoring 


e Assessment 
e Ongoing Monitoring 
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Assessment 


A clinical diagnosis of COPD should be considered in any patient who has dyspnea, chronic 
cough or sputum production, and/or a history of risk factors for the disease. The diagnosis of 
COPD is confirmed and staged by spirometry. Spirometry should be performed after the 
administration of an adequate dose of an inhaled bronchodilator (for example, salbutamol, 400 
ug) in order to minimize variability. Although measurements of postbronchodilator FEV\/FVC 
and FEV, are recommended for the diagnosis and assessment of severity of COPD, respectively, 
determining the degree of reversibility of airflow limitation (change in FEV, after administration 
of bronchodilators or corticosteroids) is no longer recommended for diagnosis, for distinguishing 
COPD from asthma, or for predicting the response to long-term treatment with bronchodilators 
or corticosteroids. A postbronchodilator FEV, less than 80% of predicted and FEV,/FVC less 
than 0.70 confirm the presence of airflow limitation that is not fully reversible. The spirometric 
classification of COPD is summarized in Table 5. 


Table 5. Spirometric Classification of Chronic Obstructive 
Pulmonary Disease Severity 


Stage Spirometry Range 

Stage I: Mild FEV,/FVC <0.70 
FEV, >80% of predicted 

Stage II: Moderate FEV,/FVC <0.70 
50% <FEV, <80% of predicted 

Stage III: Severe FEV,/FVC <0.70 
30% <FEV, <50% of predicted 

Stage IV: Very FEV,/FVC <0.70 

Severe FEV, <30% of predicted or FEV, <50% of predicted plus chronic 
respiratory failure 


Reproduced with permission from: Global Strategy for the Diagnosis, Management and 
Prevention of COPD, Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2007. 
www.goldcopd.org/Guidelineitem.asp?11=2&12=1 &intld=2003. Published 2008. Accessed June 
15, 2009. Copyright 2009, Medical Communications Resources Inc. 
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Ongoing Monitoring 


Symptoms and measures of airflow limitation should be monitored to determine when and 
whether therapy should be adjusted and to identify complications. As at the initial assessment, 
follow-up visits include a physical examination and discussion of symptoms, particularly any 
new or worsening ones. A patient’s decline in lung function is best tracked by periodic 
spirometry. 


Monitoring to adjust therapy as the disease progresses should focus on doses of medications, 
adherence to the regimen, inhaler technique, effectiveness of the current therapeutic plan for 
controlling symptoms, and the side effects of treatment. Inhaled medications are central to the 
management of COPD; if the patient does not use the inhaler properly, the response to such 
therapy is not optimal. Therefore, if a patient is not responding to therapy, the inhaler technique 
should be evaluated before therapy is adjusted. 


Patients should be questioned and evaluated for exacerbation frequency and severity, and likely 
triggers and the patient’s psychological well being should be assessed. Increased sputum volume, 
acutely worsening dyspnea, and the presence of purulent sputum should be noted to monitor and 
document the incidental and longitudinal changes associated with the presence or risk of 
debilitating COPD exacerbations. These actions may help the physician in prescribing antibiotics 
for early symptoms of exacerbation in outpatients and may reduce the need for subsequent 
hospitalizations. 
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Management of Stable Disease 


The management goals for stable COPD are to slow disease progression, relieve symptoms, 
improve exercise tolerance and health status, prevent and treat complications and exacerbations, 
reduce risk factors, and reduce mortality. 
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Pharmacologic Therapy 


Although no medication has been shown to reduce the progressive decline in lung function in 
COPD, pharmacologic intervention reduces symptoms, diminishes the frequency and severity of 
exacerbations, reduces the frequency of hospitalizations, and improves exercise tolerance and 
health status. Treatment tends to be cumulative, that is, more medications are added as the 
disease worsens (Table 6). 


Table 6. Drug Treatment for Chronic Obstructive 
Pulmonary Disease 


Agent 
Inhaled short-acting 
B2-agonists 
Inhaled short-acting 
anticholinergic agents 


Inhaled long-acting 
anticholinergic agents 


Inhaled long-acting 
B2-agonists 

Oral theophylline, 
aminophylline 


Oral B2-agonists 


a.,-Antitrypsin 
augmentation therapy 
for AAT deficiency 


Inhaled 
corticosteroids 


Oral corticosteroids 


Supplemental oxygen 


Antibiotics for acute 
exacerbations of 
COPD 


Comments 


Bronchodilation. Alleviate symptoms and improve pulmonary function. 
Generally used as needed 


Bronchodilation. Alleviate symptoms and improve pulmonary function. 
Used as scheduled maintenance. Do not combine short- and long-acting 
anticholinergic drugs. 


Bronchodilation. Alleviate symptoms and improve pulmonary function. 
Used as scheduled maintenance. Do not combine short- and long-acting 
anticholinergic drugs. 


Bronchodilation. Alleviate symptoms and improve pulmonary function. 
Used as scheduled maintenance. 


Bronchodilation possibly improves respiratory muscle function. Alleviate 
symptoms and improve pulmonary function. Aim for serum levels 
between 5 and 12 ug/mL. Used as scheduled maintenance. Use is 
intravenous in emergency department situations. 


Bronchodilation. Alleviate symptoms and improve pulmonary function. 
Used as scheduled maintenance. Rarely used because of side effects but 
may be of benefit in patients who cannot use inhalers. 


Antiproteolytic enzyme. Possibly reduces decline in pulmonary function 
and reduces mortality. Life-long therapy, most effective in patients with 
FEV, 35% to 60% of predicted, may be used in patients receiving lung 
transplants for AAT deficiency; not to be used unless emphysema is 
present. 


Anti-inflammatory. Alleviate symptoms and improve pulmonary 
function. Used as scheduled maintenance. In patients with a history of 
frequent exacerbations, high doses are best studied. Pulmonary function 
improved in 10% to 20% of patients but symptoms and exacerbations 
reduced in a larger percentage. No effect on decline in pulmonary 
function. 


Anti-inflammatory. Alleviate symptoms and improve pulmonary 
function. Avoid use in stable chronic disease. Intravenous or oral 
corticosteroids are effective for acute exacerbations. 

Improves tissue oxygenation. Improves quality of life; prolongs life. Must 
qualify for use on basis of arterial PO» or arterial oxygen hemoglobin 
saturation level. 

May alleviate symptoms and reduce severity of exacerbation. Most 
exacerbations due to viruses not susceptible to antibiotics. 


ATT = q,-antitrypsin; COPD = chronic obstructive pulmonary disease. 


Littner MR. Chronic obstructive pulmonary disease. 


http://pier.acponline.org/physicians/diseases/d153/d153.html (login required). [accessed: 2009 
July 29] In: PIER [online database]. Philadelphia, American College of Physicians, 2009. 
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Bronchodilators 


Bronchodilators relax airway smooth muscle and result in an increase in FEV, (or a change in 
other spirometric variables). The three types of commonly used bronchodilators are f2-agonists, 
anticholinergic agents, and methylxanthines. They are given either as needed to treat acute 
symptoms or on a regular basis to prevent or reduce symptoms. In addition to improving lung 
function, bronchodilators improve exercise performance and are first-line therapy. 


B»-agonists stimulate B-adrenergic receptors and may be either short- or long-acting. 


The short-acting B2-agonists (albuterol and levalbuterol) act quickly and are effective for up to 6 
hours. Long-acting B2-agonists (salmeterol, formoterol, and arformoterol) have a duration of 
action of 12 hours or more and are first-line maintenance therapy to control symptoms. The most 
common side effects of B2-agonist therapy are increased heart rate and tremor. 


Anticholinergic agents block the effect of acetylcholine on muscarinic receptors. Short-acting 
agents, such as ipratropium, produce effects for 4 to 6 hours; long-acting agents (also known as 
long-acting muscarinic antagonists), such as tiotropium, produce effects for 24 hours. The 
primary side effect of the inhaled anticholinergic agents used for COPD is dry mouth. 
Anticholinergic agents should be used with caution in patients with urinary obstruction and 
narrow-angle glaucoma. 


The mechanism of the methylxanthines (aminophylline and theophylline) is not fully known, but 
they may act as nonselective inhibitors of phosphodiesterase. The therapeutic effect lasts up to 
24 hours, and they are available in both oral and intravenous formulations. Methylxanthines are 
usually used only after other long-acting bronchodilators have been tried. They have a narrow 
therapeutic window, and most patients are effectively treated with plasma levels of 5 to 12 
ug/mL (27.75 to 66.6 umol/L). Toxicity is dose-related, and common side effects include 
headache, insomnia, nausea, and heartburn, as well as a potential for development of arrhythmias 
and tremor. Methylxanthines are metabolized by cytochrome P450, and drug interactions are 
common. 


Combination bronchodilator therapy using medications with different durations and mechanisms 
of action may increase the amount of bronchodilation achieved. Combining a B.-agonist with an 
anticholinergic agent and/or a methylxanthine may produce additional and more sustained 
therapeutic effects. 


Short-acting B:-agonists are recommended at all stages of COPD for the alleviation of symptoms 
such as dyspnea and treatment of exacerbations. Long-acting bronchodilators, such as long- 


acting f2-agonists or tiotropium, are recommended as first-line maintenance therapy when 
patients require regular and frequent bronchodilatory management, beginning in Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) stage II and through GOLD stage IV. Either 
long-acting B.-agonists or tiotropium may be initiated first, although anecdotal evidence suggests 
that tiotropium may be more effective in achieving control of symptoms. If patients require 
additional bronchodilatory control, long-acting B2-agonists may be added to tiotropium or vice 
versa to optimize bronchodilator therapy. Use of methylxanthines is becoming relegated to use in 
patients with later COPD stages and for the treatment of acute exacerbations. 
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Corticosteroids 


The role of corticosteroids in the management of stable COPD is limited; however, regular use of 
inhaled corticosteroids in patients who experience recurrent exacerbations reduces the frequency 
of further exacerbations. Inhaled corticosteroids should not be used alone. Combinations of 
inhaled corticosteroids and long-acting bronchodilators are more effective than either therapy 
alone in reducing exacerbations and improving health status. The long-term safety of inhaled 
corticosteroids in COPD is not known. The use of inhaled corticosteroids in the elderly must be 
carefully monitored because of the risk of adverse effects such as osteopenia, cataracts, 
hyperglycemia, and pneumonia, all which may be particularly debilitating in elderly patients 
with compromised health and comorbidities frequently associated with COPD. The use of short- 
term oral corticosteroids is beneficial only in exacerbations of COPD. Long-term treatment is 
associated with significant side effects and is not recommended. 
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Other Pharmacologic Treatments 


Influenza vaccines can reduce serious illness and death in patients with COPD by about 50%. 
Although the evidence for the efficacy of pneumococcal vaccine in patients with COPD is 
inconclusive, it is recommended for all such patients. o,-Antitrypsin (AAT) augmentation 
therapy may be helpful in the rare patients with COPD and severe hereditary AAT deficiency. 
However, the therapy is expensive and is not indicated for those without the hereditary 
deficiency. 


Antibiotic therapy is most beneficial in treating infectious exacerbations of COPD. Mucolytic 
(mucokinetic, mucoregulatory) agents provide minor benefit to some patients with viscous 
sputum, but the widespread use of these agents is not recommended. The regular use of 
antitussives is not recommended in patients with stable COPD because cough has a significant 
protective role. 


PreviousNext 


Nonpharmacologic Therapy 


Risk Factor Reduction 
Pulmonary Rehabilitation 
Oxygen Therapy 
Noninvasive Ventilation 


Surgery 
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Risk Factor Reduction 


Smoking cessation not only improves lung function, it also improves survival. Participants in the 
Lung Health Study were followed for up to 14.5 years and the data for mortality rates were 
analyzed in terms of smoking habits. Notably, smoking cessation had a positive impact not only 
on death from COPD but on death from all causes. 
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Pulmonary Rehabilitation 


Pulmonary rehabilitation involves a combination of education, nutrition counseling, exercise 
training, and behavior modification techniques. The exercise component helps to improve 
endurance, flexibility, and strength in the upper and lower extremities and may require the 
patient to attend sessions of 30 minutes or more at least 3 times a week for 6 to 8 weeks. 
Pulmonary rehabilitation generally helps to improve exercise tolerance, decrease dyspnea and 
fatigue, improve quality of life, and increase patient participation in daily activities. Patients are 
encouraged to continue pulmonary rehabilitation to ensure sustained benefit. 
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Oxygen Therapy 


Oxygen therapy is a major component of treatment for patients with very severe COPD (stage 
IV) and is usually prescribed for patients who have arterial PO less than 55 mm Hg or oxygen 
saturation less than 88% with or without hypercapnia or who exhibit arterial PO2 of 56 to 59 mm 
Hg or oxygen saturation less than 89% with one or more of the following: pulmonary 
hypertension, evidence of cor pulmonale or edema as a result of right heart failure, or hematocrit 
greater than 56%. The duration of treatment should be at least 15 hours a day. The use of long- 


term oxygen therapy in patients with chronic respiratory failure improves survival and has a 
beneficial effect on hemodynamics, exercise capacity, and mental status. 
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Noninvasive Ventilation 


Noninvasive ventilation (using either negative or positive pressure devices) is now widely used 
to treat acute exacerbations of COPD. In stable patients, it has no effect on improving shortness 
of breath, exercise tolerance, arterial blood gases, respiratory muscle strength, quality of life, or 
lung function. However, noninvasive ventilation has positive effects in patients with 
exacerbations of COPD. Some patients with COPD who retain carbon dioxide have sleep 
fragmentation from further hypoventilation during sleep, leading to multiple arousals. 
Noninvasive ventilation at night in selected patients can improve sleep continuity, improve 
daytime symptoms (reducing sleepiness and exertional dyspnea), and also result in improved 
awake arterial PCO during the day. 
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Surgery 


Lung volume reduction surgery involves resecting parts of the lung to reduce hyperinflation. 
This type of surgery makes respiratory muscles more effective by improving their mechanical 
efficiency and improves expiratory flow rates by increasing the elastic recoil pressure of the 
lung. Because this procedure is expensive and high-risk, it is recommended only in carefully 
selected patients. The surgery is most beneficial in patients with severe, predominantly upper 
lobe disease and a large amount of mildly emphysematous or normal middle and lower lung. 


Patients with severe COPD who have had maximal medical treatment, including pulmonary 
rehabilitation, and have FEV, greater than 20% of predicted, DLCO greater than 20% of 
predicted, and predominant upper lobe emphysema are likely to benefit from lung volume 
reduction surgery. 


In one study, patients who had lung volume reduction surgery and medical therapy had longer 
survival than those who had medical therapy alone. The patients who had surgery also had 
greater improvement in maximal work capacity and health-related quality of life. 


Lung transplantation has been shown to improve quality of life and functional capacity in 
appropriate patients. Referral criteria for this procedure include FEV; less than 35% of predicted, 
arterial Poz less than 55 to 60 mm Hg, arterial PCO greater than 50 mm Hg, and secondary 
pulmonary hypertension. There are many exclusion criteria, including advanced age and 
comorbid conditions, and demand for suitable organs outstrips availability. 
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Managing Exacerbations 


An exacerbation of COPD is defined as an acute event characterized by a change in baseline 
dyspnea, cough, and/or sputum production beyond normal daily variation. Exacerbations are 
commonly caused by infection and air pollution. The main symptoms include increased dyspnea 
often accompanied by wheezing and chest tightness, increased cough and sputum production, 
change in the color and/or tenacity of sputum, and fever. Various nonspecific signs and 
symptoms may accompany these findings, such as fatigue, insomnia, depression, and confusion. 


Exacerbations cause bronchoconstriction, airway inflammation, increased secretions, and 
hyperinflation with decreased chest wall compliance, all of which increase the work of breathing. 
The severity of the exacerbation has been defined only in the context of clinical trials. Mild 
exacerbations require at-home treatment with short-acting bronchodilators. Moderate 
exacerbations require treatment with short-acting bronchodilators and systemic corticosteroids 
and/or antibiotics. Severe exacerbations require treatment with short-acting bronchodilators, 
systemic corticosteroids, and/or antibiotics along with hospitalization. Clinically, severity of the 
exacerbation can be suggested by the sputum volume and color and the extent of activity 
limitation. Even if the cause of the exacerbation is viral, patients with COPD are often colonized 
with bacteria and therefore require antibiotics. Increases in sputum volume or purulence are 
evidence of a bacterial cause and may indicate the need for antibiotic therapy. In addition, pulse 
oximetry and measurement of arterial blood gas levels are used to evaluate the patient’s 
oxygenation and carbon dioxide level. In patients with very severe COPD (stage IV), the most 
important sign of a severe exacerbation is sometimes a change in mental status, which signals a 
need for immediate hospital evaluation. 
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Home Management 


Home care is increasingly common for treating exacerbations of COPD in patients with end- 
stage disease. Home management usually involves increasing the dose and/or frequency of 
bronchodilator therapy, preferably including a B2-agonist. If not already used, a short-acting 
anticholinergic agent may be added until symptoms resolve. In exacerbations, systemic 
corticosteroids shorten recovery time, improve lung function and hypoxemia, and may reduce the 
risk of early relapse, treatment failure, and subsequent length of hospital stay. Systemic 
corticosteroids should be considered in addition to bronchodilators if the patient’s baseline FEV 
is less than 50% of predicted. Prednisone, 30 to 40 mg/d with a taper over 7 to 10 days, is 
recommended. Antibiotics are used for patients with some combination of purulent secretions, 
increased volume of secretions, and/or fever. Commonly used antibiotics include macrolides, 
sulfa drugs, tetracyclines, penicillins, cephalosporins, and/or fluoroquinolones. Local antibiotic 
resistance patterns of community-acquired organisms may help direct treatment. 
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Hospital Management 


Indications for hospital assessment/admission for exacerbations of COPD include a marked 
increase in the intensity of symptoms, decrease in mental status, onset of new physical signs such 
as cyanosis or peripheral edema, failure of the exacerbation to respond to initial medical 
management, the presence of significant comorbidities, frequent exacerbations, newly occurring 
arrhythmias of diagnostic uncertainty, older age, and/or insufficient home support. 


Oxygen therapy is the cornerstone of hospital treatment of exacerbations, with a goal of adequate 
levels of oxygenation (Po greater than 60 mm Hg or oxygen saturation greater than 90%). 
Arterial blood gas levels should be measured 30 to 60 minutes after oxygen therapy is started to 
ensure that oxygenation is adequate without carbon dioxide retention or acidosis. 


Bronchodilator therapy with short-acting B2-agonists is preferred for treating exacerbations. An 

anticholinergic agent should be added if the patient does not respond promptly to the B2-agonist. 
There are no studies evaluating the use of long-acting B-agonists with or without corticosteroids 
during an acute exacerbation. 


In addition, systemic (oral or intravenous) corticosteroids are recommended for hospital 
management of acute exacerbations of COPD. The effective dose is not known, but high doses 
are associated with a significant risk of side effects. Initial treatment is intravenous 
methylprednisolone for 72 hours at 125 mg every 6 hours, followed by 2 weeks of an oral taper 
starting at 60 mg; however, prolonged treatment does not result in greater efficacy and increases 
the risk of side effects. 


There is a significant beneficial effect of using antibiotics in patients who present with increases 
in dyspnea, sputum volume, and sputum purulence. The predominant bacteria recovered are 
Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis. Generally, 
antibiotic regimens for community-acquired infection include coverage with a third-generation 
cephalosporin in combination with a macrolide or a fluoroquinolone. 


Noninvasive intermittent ventilation alleviates respiratory acidosis and decreases respiration rate, 
severity of dyspnea, and length of hospital stay. More important, mortality is also reduced. The 
indications for noninvasive ventilation include moderate to severe dyspnea with the use of 
accessory muscles of breathing and paradoxical abdominal motion, moderate to severe acidosis 
(pH less than 7.35) and/or hypercapnia (PCO; greater than 45 mm Hg), and respiration rate 
greater than 25/min. Exclusion criteria include respiratory arrest, cardiovascular instability 
(hypotension, arrhythmias, myocardial infarction), change in mental status (lack of cooperation), 
high aspiration risk, viscous or copious secretions, recent facial or gastroesophageal surgery, 
craniofacial trauma, fixed nasopharyngeal abnormalities, burns, and extreme obesity. 


Invasive mechanical ventilation is indicated for patients who cannot tolerate noninvasive 
ventilation and those with severe dyspnea with a respiration rate greater than 35/min, life- 


threatening hypoxia, severe acidosis (pH less than 7.25) and/or hypercapnia (PCO? greater than 
60 mm Hg), respiratory arrest, somnolence or impaired mental status, cardiovascular 
complications (hypotension, shock), and other complications such as metabolic abnormalities, 
sepsis, pneumonia, pulmonary embolism, barotrauma, and massive pleural effusion. In patients 
with very severe disease and a poor prognosis, the decision to begin invasive ventilation is 
influenced by the likelihood of reversing the precipitating event, the patient’s advance directives 
and current wishes, and the availability of intensive care facilities. When possible, a patient’s 
treatment preferences should be clearly outlined in advance of such acute events but can be 
altered situationally if the patient is alert and interactive. 


PreviousNext 


Hospital Discharge and Follow-up 


After hospitalization for an acute exacerbation of COPD, patients should be discharged when 
they no longer require short-acting inhaled B2-agonist therapy more frequently than every 4 
hours, can walk across the room, and can sleep without frequent awakening by dyspnea. Patients 
must have been clinically stable and had stable arterial blood gas levels for 12 to 24 hours and 
understand the correct use of medications. Follow-up and home care arrangements must be 
completed before discharge, and the patient, family, and physician must be confident that the 
patient can successfully manage at home. A follow-up visit should occur 4 to 6 weeks after 
hospital discharge. Subsequent treatment is the same as for stable COPD. If the patient required 
oxygen in the hospital and still needs it at discharge, follow-up at approximately 2 weeks with 
evaluation of the oxygen level on ambient air should be done to determine whether supplemental 
oxygen continues to be necessary. Subsequent follow-up should occur at 2 to 4 weeks based on 
clinical assessment of the patient. 


Aggressive treatment, including long-acting inhaled bronchodilators, inhaled corticosteroids, and 
combination inhalers as well as pulmonary rehabilitation and education, may help to prevent, or 
at least delay, future exacerbations and hospitalizations. 
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Diffuse Parenchymal Lung Disease 


Diffuse infiltrates on chest radiograph are a common finding. Although the term diffuse suggests 
widespread involvement of the lungs, the process may not affect the lung uniformly, and some 
areas may be spared. Diffuse lung disease is a nonspecific radiographic pattern that may be 
caused by edema, alveolar hemorrhage, infection, inflammation, fibrosis, or neoplasms; this 
radiographic pattern may also be associated with drug-induced lung disease, environmental or 
occupational lung disease, systemic and immune diseases, and various interstitial lung diseases. 


Diffuse parenchymal lung disease (DPLD) is a descriptive term for diffuse lung diseases that 
predominantly affect the interstitium or parenchyma of the lung and that share certain 
radiographic, pathologic, and physiologic features. These diseases are also sometimes referred to 
as interstitial lung disease and diffuse infiltrative lung disease. Diseases that affect the 
interstitium of the lung may also involve the alveolar space as well as the airways and are 
included in certain DPLD classification schemes, depending on the clinical and radiographic 
presentation. 


Key Points 


e Acute respiratory worsening (over less than 4 weeks) in patients with diffuse pulmonary 
infiltrates is most often the result of infection or edema. 

e Diffuse parenchymal lung diseases that can present with acute respiratory worsening 
include the vasculitides, eosinophilic pneumonia, and acute interstitial pneumonia. 

e High-resolution CT of the chest is more sensitive and specific than chest radiography for 
diagnosis of diffuse parenchymal lung disease. 


e Interpretation of high-resolution CT of the chest in the context of pattern, distribution, 
and associated findings can narrow the diagnostic possibilities and occasionally is 
diagnostic of specific diffuse parenchymal lung diseases. 

e Pseudoreticulation is a false-positive high-resolution CT finding for diffuse parenchymal 
lung disease due to atelectasis in gravity-dependent lung zones. 

e Bronchoscopic lung biopsy may provide a specific histopathologic diagnosis in select 
diffuse parenchymal lung diseases but is insufficient to diagnose histopathologic patterns 
that require establishment of an architectural pattern. 

e Histopathologic patterns must be interpreted in the context of the individual patient’ s 
clinical and radiologic findings to make the diagnosis of a specific diffuse parenchymal 
lung disease. 

e Most causes of drug-induced pulmonary disease are the result of a hypersensitivity-type 
reaction with presenting symptoms of fatigue, low-grade fever, and cough. 

e Radiation pneumonitis occurs 1 to 6 months after radiation therapy has been completed. 

e Systemic corticosteroids have an estimated response rate of 80% in treating radiation 
pneumonitis and can result in rapid clinical improvement. 

e Connective tissue diseases, along with drugs and environmental causes, are the most 
common known causes of diffuse parenchymal lung disease. 

e Typical antigens that trigger hypersensitivity pneumonitis are derived from bacterial and 
fungal elements in decaying organic matter, including moldy hay, grain dust, lumber, and 
stagnant water. 

e Diffuse parenchymal lung diseases associated with smoking include pulmonary 
Langerhans cell histiocytosis, respiratory bronchiolitis—associated interstitial lung 
disease, and desquamative interstitial pneumonia. 

e Histopathologic findings in the idiopathic interstitial pneumonias are nonspecific, and 
diagnosis of specific diseases requires clinical and radiographic correlation with 
histopathologic findings. 

e Accelerated worsening of previously stable idiopathic pulmonary fibrosis is a specific 
diagnosis called acute exacerbation of idiopathic pulmonary fibrosis, which is frequently 
the cause of death in patients with the disorder. 

e Cryptogenic organizing pneumonia is typically initially misdiagnosed as viral 
pneumonitis or bacterial pneumonia but does not respond to antimicrobial therapy and 
demonstrates migratory infiltrates on chest imaging. 

e Löfgren syndrome is a form of sarcoidosis that presents with fever, erythema nodosum, 
polyarthralgias, and hilar lymphadenopathy. 

e In patients with sarcoidosis and interstitial lung disease, bronchoscopy has a diagnostic 
yield of up to 90% when multiple transbronchial lung biopsies are combined with 
endobronchial biopsies. 

e Bronchoscopic needle aspiration of mediastinal and hilar lymph nodes using 
endobronchial ultrasonography has a sensitivity of 85% for diagnosing sarcoidosis. 

e Lymphangioleiomyomatosis is a rare progressive cystic lung disease occurring almost 
exclusively in women in their third or fourth decade as a sporadic disorder or in 
conjunction with tuberous sclerosis. 
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Classification and Epidemiology 


There are more than one hundred DPLDs; most of them are rare, but the number of diseases 
makes it difficult to develop a narrow differential diagnosis for a patient with radiographic 
DPLD. Proposed classification schemes for DPLD have been based on causality, radiographic 
characteristics, histopathologic features, corticosteroid responsiveness, and chronicity. The 
variety of published schemes is often a source of confusion. Although each classification scheme 
has its strengths and weaknesses, one that is helpful to clinicians is based on whether the cause is 
known or idiopathic (Table 7). 


The most commonly encountered classification scheme for DPLDs was published in 2001 as a 
consensus statement of the American Thoracic Society and the European Respiratory Society. 
Although this group of disorders is termed idiopathic interstitial pneumonias, several are 
associated with a known cause. These disorders are functionally grouped together because a 
definitive diagnosis commonly requires a surgical lung biopsy demonstrating specific 
histopathologic features (Table 8). Clinical correlation of the patient’s exposure history and 
exclusion of underlying disease processes are required to exclude known causes of the 
histopathologic finding. For example, idiopathic pulmonary fibrosis is associated with the 
histopathologic pattern of usual interstitial pneumonia, a pattern also found in connective tissue 
disease—associated DPLD, radiation-induced lung disease, and, occasionally, hypersensitivity 
pneumonitis. 


Table 7. Classification of the Diffuse Parenchymal Lung 
Diseases 


Known Causes 


Connective tissue disease—associated (for example, rheumatoid arthritis, polymyositis, 
scleroderma) 


Hypersensitivity pneumonitis (for example, farmer’s lung, hot tub lung, bird fancier’s lung) 

Pneumoconioses (for example, asbestosis, silicosis, coal worker’s pneumoconiosis) 

Drug-induced (for example, chemotherapeutic agents, amiodarone, nitrofurantoin) 

Smoking-related 

Pulmonary Langerhans cell histiocytosis 

Respiratory bronchiolitis interstitial lung disease 

Desquamative interstitial pneumonia 

Acute eosinophilic pneumonia 

Radiation-induced 

Toxic inhalation—induced (for example, cocaine, zinc chloride [smoke bomb], ammonia) 
Unknown Causes 

Idiopathic pulmonary fibrosis 

Sarcoidosis 


Other idiopathic interstitial pneumonias 
Cryptogenic organizing pneumonia 
Nonspecific interstitial pneumonia 
Lymphocytic interstitial pneumonia 
Acute interstitial pneumonia 
Eosinophilic pneumonias 

Pulmonary vasculitides 

Pulmonary lymphangioleiomyomatosis 
Pulmonary alveolar proteinosis 

Many other rare disorders 


Reproduced with permission from Ryu JH, Daniels CE, Hartman TE, Yi ES. Diagnosis of 
interstitial lung diseases. Mayo Clin Proc. 2007;82(8):976-986. [PMID: 17673067] Copyright 
2009 Mayo Foundation for Medical Education and Research. 


Table 8. Classification of Idiopathic Interstitial Pheumonias 
by Histopathologic Features’ 


Histologic Pattern Clinical-Radiologic-Pathologic Diagnosis 
Usual interstitial pneumonia Idiopathic pulmonary fibrosis/cryptogenic fibrosing alveolitis 
Nonspecific interstitial pneumonia Nonspecific interstitial pneumonia (provisional)” 
Organizing pneumonia Cryptogenic organizing pneumonia® 
Diffuse alveolar damage Acute interstitial pneumonia 
Respiratory bronchiolitis Respiratory bronchiolitis interstitial lung disease 


Lymphoid interstitial pneumonia Lymphoid interstitial pneumonia 


“Some cases are unclassifiable for various reasons. 


>This group represents a heterogeneous group with poorly characterized clinical and radiologic 
features that needs further study. 


“Cryptogenic organizing pneumonia is the preferred term, but it is synonymous with bronchiolitis 
obliterans organizing pneumonia. 


Reproduced with permission from American Thoracic Society/European Respiratory Society 
International Multidisciplinary Consensus Classification of the Idiopathic Interstitial 
Pneumonias. This joint statement of the American Thoracic Society (ATS) and the European 
Respiratory Society (ERS) was adopted by the ATS board of directors, June 2001 and by the 
ERS Executive Committee, June 2001 [erratum in Am J Respir Crit Care Med. 

2002; 166(3):426]. Am J Respir Crit Care Med. 2002;165(2):277-304. [PMID: 11790668] 
Copyright 2002, American Thoracic Society. 
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Diagnostic Approach and Evaluation 


Because of the many diagnostic possibilities in patients with dyspnea or cough and the 
radiographic finding of diffuse lung disease, it is most useful to approach the diagnosis of DPLD 
by evaluating the clinical context, temporal pattern of the disease, and radiographic abnormalities 
(Table 9). 


Table 9. Diagnostic Approach to Patients with Diffuse 
Parenchymal Lung Disease 


History 

Demographics 

Pulmonary and extrapulmonary manifestations 
Temporal course of symptoms 

Smoking 

Environmental/occupational exposures 
Drugs 

Previous and concurrent illnesses 
Familial disorders 

Physical examination 

Lung auscultation 

Digital clubbing 

Extrapulmonary signs 

Laboratory tests 

Complete blood count 

Chemistry panel 

Urinalysis 

Hypersensitivity pneumonitis serologic tests" 
Connective tissue disease serologic tests" 
Antineutrophil cytoplasmic antibodies* 
B-type natriuretic peptide? 

Imaging studies 

Chest radiography 

High-resolution CT scan of the chest 
Previous chest radiographs and CT scans 
Echocardiography* 


Pulmonary function tests 

Spirometry, lung volumes, DLCO, and oximetry 
Arterial blood gases* 

Cardiopulmonary exercise testing” 
Bronchoscopy" 

Surgical lung biopsy? 


“These tests are used in selected patients according to the clinical context. 


Reproduced with permission from Ryu JH, Daniels CE, Hartman TE, Yi ES. Diagnosis of 
interstitial lung diseases. Mayo Clin Proc. 2007;82(8):976-986. [PMID: 17673067] 
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Clinical Context 


The incidence of specific DPLDs depends on such patient factors as age, sex, smoking status, 
environmental or occupational exposure, medications, and medical history. Elderly patients and 
young patients tend to develop different DPLDs based on age alone. The incidence of idiopathic 
pulmonary fibrosis (the most common idiopathic interstitial pneumonia) increases with age; the 
incidence is estimated to be between 10 and 25 per 100,000 population, but it may be higher than 
175 per 100,000 in patients older than 75 years. Sarcoidosis, lymphangioleiomyomatosis (which 
occurs exclusively in women), and familial idiopathic pulmonary fibrosis are more common in 
middle-aged and younger patients. 


Exposure to drugs, environmental and occupational inhalants, radiation, and tobacco smoke are 
also key diagnostic considerations. Radiation pneumonitis occurs in patients weeks to months 
after radiation therapy, most often of the head and neck or chest. Pulmonary Langerhans cell 
histiocytosis, respiratory bronchiolitis interstitial lung disease, and desquamative interstitial 
pneumonitis occur almost exclusively in current smokers. Occupational exposure of farmers to 
moldy hay, silage, or other inhaled antigens may indicate farmer’s lung, a form of 
hypersensitivity pneumonitis. Drugs known to cause diffuse pneumonitis include bleomycin and 
methotrexate. 


Rheumatoid arthritis—associated DPLD is one of the multisystem components of rheumatoid 
arthritis and occurs in as many as 50% of affected patients, more commonly in men. DPLD 
occurs in approximately 75% of patients with systemic sclerosis and is the most frequent cause 
of morbidity and mortality in such patients. 


Physical examination should focus on pulmonary abnormalities and identification of related 
systemic processes (Table 10). Diminished inspiratory volumes combined with “dry” crackles 
(“Velcro” crackles) suggest fibrotic lung disease. Prolonged expiration with wheezes or mid- 
expiratory “squeaks” may indicate small airway involvement. Digital clubbing occurs in 30% of 


patients with idiopathic pulmonary fibrosis but is rarely present in those with emphysema, 
organizing pneumonia, or respiratory bronchiolitis interstitial lung disease. Extrapulmonary 
examination should focus on skin, joint, and other findings suggestive of connective tissue 
disease or findings that are known to be associated with certain DPLDs. 


Table 10. Physical Examination Findings in Interstitial Lung 
Disease 


Finding Relevance 

Crackles Common in fibrosing interstitial lung disease; >80% in 
idiopathic pulmonary fibrosis; less common in sarcoidosis. 

Mid-inspiratory “squeaks” Suggestive of small airways disease (bronchiolitis) 

Increased intensity Po, right Pulmonary hypertension secondary to interstitial lung 

ventricular lift, tricuspid disease or as a specific feature (scleroderma, pulmonary 

regurgitation murmur Langerhans cell histiocytosis); occurs with severe restrictive 
disease 

Clubbing Common in idiopathic pulmonary fibrosis (30%); 


uncommon/rare in respiratory bronchiolitis interstitial lung 
disease, cryptogenic organizing pneumonia, and collagen 
vascular disease 


Erythema nodosum Sarcoidosis, inflammatory bowel disease, Behçet syndrome 

Maculopapular exanthem Sarcoidosis, amyloidosis, Behçet syndrome 

Uveitis/conjunctivitis Sarcoidosis, Behçet syndrome, inflammatory bowel disease, 
ankylosing spondylitis 

Lacrimal/salivary gland Sarcoidosis, systemic sclerosis 

enlargement 

Lymphadenopathy, Sarcoidosis, amyloidosis 

hepatosplenomegaly 

Arthritis Collagen vascular disease, inflammatory bowel disease, 
sarcoidosis, Behçet syndrome, ankylosing spondylitis 

Muscle weakness or tenderness Polymyositis 

Neurologic abnormalities Sarcoidosis (cranial nerve deficits), tuberous sclerosis 


(mental retardation), lymphomatoid granulomatosis 
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Temporal Pattern of Disease Progression 


The temporal pattern of DPLD progression varies from acute respiratory failure to insidious 
progression over years, although most DPLDs develop slowly over weeks to months, and many 
patients may not recall exactly when they first noted onset of subtle symptoms, such as cough 
and exercise intolerance. In some patients, radiographic abnormalities are evident before the 


onset of symptoms. Previous chest radiographs should be reviewed to help establish a pattern of 
slowly progressive DPLD. 


Acute respiratory worsening (over less than 4 weeks) in patients with diffuse pulmonary 
infiltrates is most often the result of infection or edema. Initial evaluation typically includes 
testing to exclude cardiogenic pulmonary edema and infection. Exclusion of common causes of 
diffuse pulmonary infiltrates is an important part of the initial evaluation in any patient with 
acute respiratory worsening. Failure to respond to appropriate antibiotic therapy should prompt 
the clinician to consider DPLD as a potential diagnosis. DPLDs that may present with acute 
worsening leading to fulminant respiratory failure due to diffuse alveolar hemorrhage include 
vasculitides, such as Wegener granulomatosis, Churg-Strauss syndrome, and microscopic 
polyangiitis. Eosinophilic pneumonia may present with clinical, physiologic, and radiographic 
features similar to those that occur in the acute respiratory distress syndrome (ARDS) and should 
always be considered in the differential diagnosis of patients with idiopathic ARDS. Acute 
interstitial pneumonia can present as ARDS without known cause (Hamman-Rich syndrome). An 
acute exacerbation of known idiopathic pulmonary fibrosis has recently been identified as a 
cause of morbidity and mortality. Patients with these acute exacerbations appear to develop an 
acute lung injury pattern that correlates with pathologic changes of diffuse alveolar damage; the 
prognosis in such patients is extremely poor. An acute exacerbation can rarely be the first 
manifestation of previously undiagnosed idiopathic pulmonary fibrosis or of connective tissue 
disease—associated interstitial lung disease. 
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Radiologic Findings 


High-resolution CT (HRCT) chest imaging should be part of the diagnostic evaluation of patients 
in whom a chest radiograph suggests a diffuse interstitial process. Chest radiography alone rarely 
provides enough information for a diagnosis. In addition, up to 20% of patients with DPLD have 
subtle interstitial abnormalities not detectable on a chest radiograph. In symptomatic patients 
with environmental exposure or connective tissue disease, HRCT imaging should be considered 
even if the chest radiograph is interpreted as normal. HRCT imaging can narrow the diagnostic 
possibilities so that directed diagnostic tests, such as serologic tests, pulmonary function tests, 
and open lung biopsy, can be done. 


HRCT findings should be considered in the context of radiographic imaging to establish the rate 
of change and distinguish chronic from acute processes. HRCT findings are interpreted 
according to their pattern (for example, consolidative, reticular, cystic) and their distribution (for 
example, upper lung, lower lung, subpleural, central). Differentiation of HRCT patterns by 
distinguishing interstitial from alveolar processes is useful, but it is somewhat arbitrary because 
most DPLDs have both interstitial and alveolar abnormalities. The combination of HRCT pattern 
and distribution with other associated CT findings, such as pleural effusion, lymphadenopathy, 
or dilated esophagus, can occasionally confirm the diagnosis of a specific DPLD or at least 
narrow the diagnostic possibilities. 
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Pattern 


HRCT shows interstitial involvement as linear and reticular abnormalities that appear as lines 
forming a lattice. When the reticular lines begin to coalesce, they can form a nodular appearance 
at their intersection (reticulonodular). When bordering cystic areas, they can stack to form a 
honeycombed appearance. So-called pseudoreticulation has a similar appearance to interstitial 
changes, but the abnormalities are caused by atelectasis in gravity-dependent lung zones and 
improve on prone imaging at full inspiration. Linear and reticular changes should also be 
distinguished from interlobular septal thickening, which represents lymphatic enlargement of the 
secondary pulmonary lobules, is centered on a pulmonary artery, and is most often associated 
with pulmonary edema or lymphangiitic involvement of cancer. 


Filling of the alveolar space with water, pus, blood, cells, or other material results in radiologic 
patterns of either consolidation (complete alveolar filling) or ground-glass opacification (partial 
alveolar filling). Consolidation and ground-glass opacifications are caused by similar processes 
and likely represent a spectrum of alveolar filling with or without interstitial thickening. 
Consolidation is characterized by airspace consolidation with indistinct margins, the presence of 
air bronchograms, and the silhouette sign when bordering adjacent soft tissue. Ground-glass 
opacification is characterized by increased alveolar attenuation through which lung architecture 
can still be identified. Cystic airspaces are enlarged airspaces surrounded by a wall of variable 
thickness. DPLDs associated with cystic disease include pulmonary Langerhans cell histiocytosis 
and lymphangioleiomyomatosis, although idiopathic pulmonary fibrosis can also cause cystic 
changes in areas of honeycombing. A nodular pattern is a nonspecific HRCT pattern consisting 
of round and discrete parenchymal opacities. The size and distribution of the nodules vary 
widely. Sarcoidosis is the DPLD most commonly associated with a small nodular pattern 
distributed centrally along the pulmonary vascular bundles. 
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Distribution 


After the dominant pattern of involvement has been identified, the distribution of the pattern is 
the next important consideration. HRCT patterns consist of those that involve the upper lung as 
opposed to the lower lung and the central lung as opposed to the peripheral lung. 


Hypersensitivity pneumonitis and sarcoidosis have an upper lobe involvement, whereas such 
diseases as idiopathic pulmonary fibrosis and asbestosis have lower lobe distribution. 
Involvement of the central portion of the lung suggests diseases such as sarcoidosis and 
pulmonary alveolar proteinosis, whereas a peripheral distribution occurs in idiopathic pulmonary 
fibrosis, chronic eosinophilic pneumonia, and cryptogenic organizing pneumonia. Mosaic 
distribution refers to a nonspecific pattern of ground-glass infiltration that variably involves 


neighboring pulmonary lobules. This pattern can be seen in pulmonary vascular disease and 
airways disease. Air trapping is demonstrated on expiratory views and suggests diseases that 
have small-airway (bronchiolar) involvement. Air trapping can be diffuse and uniform in 
obliterative bronchiolitis or variable and patchy, causing a geographic appearance in respiratory 
bronchiolitis—associated interstitial lung disease or hypersensitivity pneumonitis. The geographic 
appearance consists of patchy areas of ground-glass opacification with sharp edges providing 
contrast between abnormal and more normal adjacent areas of lung and creating a map-like 
appearance. 
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Associated Findings 


In addition to the pulmonary findings on HRCT, several associated findings are helpful in the 
diagnosis of DPLD. Mediastinal and hilar lymphadenopathy can indicate underlying lymph node 
involvement when associated with the centrally distributed nodular pattern that occurs in 
sarcoidosis. Mild lymphatic enlargement unrelated to infection or malignancy is often associated 
with DPLD and may indicate reactive lymphadenopathy not necessarily associated with active 
disease involvement. Pleural disease is associated with several DPLDs, including the pleural 
plaques that are common in patients with asbestosis. Pleural effusions are uncommon in most 
DPLDs, and therefore their presence may help distinguish DPLD from other diseases. Pleural 
effusions are commonly associated with pulmonary edema or with lymphangiitic spread of 
malignancy but are rarely associated with interstitial lung disease and should prompt 
consideration of heart failure or lymphangiitic involvement of tumor. The pattern of interlobular 
septal thickening caused by pulmonary edema occasionally can be difficult to distinguish from 
reticular changes in the interstitium. 


PreviousNext 
Histopathologic Diagnosis 


If the clinical context, temporal pattern of disease, and HRCT findings do not yield a diagnosis, 
it may be reasonable to obtain a bronchoscopic or surgical lung biopsy. Physicians and patients 
must decide how the additional knowledge from lung biopsy would affect the management plan. 
Patient preferences regarding surgery and immunosuppressive therapy ideally should be 
discussed in conjunction with the decision about whether to obtain lung biopsy. A thorough 
understanding of the likely clinical diagnoses and potential management options is important for 
patients who may benefit from immunosuppressive therapy. If a patient prefers to avoid surgical 
lung biopsy, empiric therapy or observation without therapy may be appropriate. 


The diagnostic yield of surgical lung biopsy is approximately 90%. However, there are a limited 
number of histopathologic patterns recognized for a large number of DPLDs, and the specificity 
of lung biopsy depends on the pattern. For example, organizing pneumonia may be found as a 


nonspecific reparative process in association with histopathologic evidence of infection, 
infarction, carcinoma, or vasculitis. The organizing pneumonia pattern may also be a primary 
pathologic finding of cryptogenic organizing pneumonia or associated with a drug reaction, 
radiation therapy, hematopoietic stem cell transplantation, and other clinical conditions. The key 
to correlating this and many other pulmonary histopathologic findings with a clinical diagnosis is 
the interpretation within the clinical-radiographic context. 


Lung biopsy specimens may be obtained by transbronchoscopic biopsy or open lung biopsy, 
which is commonly performed by video-assisted thoracoscopic surgery (VATS). VATS lung 
biopsy has a reported mortality rate of 2% and a complication rate of between 5% and 10%. 
High-risk patients with little potential benefit from surgical lung biopsy include those with 
suspected idiopathic pulmonary fibrosis who have a DLCO less than 20% of predicted or an 
accelerated clinical decline. Surgical lung biopsy is most informative when HRCT findings are 
used to direct surgical sampling of two or more lobes. Surgical lung biopsy specimens can 
provide sufficient tissue to assess the histopathologic architecture, which may be required to 
establish a diagnosis of usual interstitial pneumonia and nonspecific interstitial pneumonitis. 


Bronchoscopic lung biopsy provides only small tissue samples that are generally insufficient to 
establish the underlying histopathologic architecture but nonetheless can provide enough tissue 
to demonstrate specific histopathologic features diagnostic of several specific disease processes, 
including carcinoma, sarcoidosis, and eosinophilic pneumonia. Bronchoalveolar lavage can 
provide additional diagnostic information, including culture, cytology, and cell differential. 
Bronchoalveolar lavage is safe and simple to perform and may be helpful to diagnose infections 
and carcinoma, as well as eosinophilic pneumonia. 
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Diffuse Parenchymal Lung Diseases with Known Cause 


e Drug-induced and Radiation-induced Interstitial Lung Disease 
e Connective Tissue Diseases 
e Hypersensitivity Pneumonitis 


e Smoking-related Interstitial Lung Disease 
e Idiopathic Interstitial Pheumonias 
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Drug-induced and Radiation-induced Interstitial Lung 
Disease 
Many drugs are known to cause a pattern of DPLD (Table 11). A high index of suspicion for 


drug-induced lung disease is essential because early identification and drug withdrawal can 
prevent morbidity and mortality. All current and recent past medications as well as herbal 


remedies and over-the-counter medications should be considered. Updated and referenced 
information for individual drugs is available and searchable at www.pneumotox.com. 
Establishment of a definitive diagnosis of drug-induced lung disease requires exclusion of other 
known causes and symptom improvement with drug withdrawal. 


Most offending drugs cause a hypersensitivity-type reaction, with presenting symptoms of 
fatigue, low-grade fever, and cough. Laboratory results are nonspecific, but peripheral blood 
eosinophilia may be present. Physical examination may reveal crackles and occasionally 
wheezes or a pleural friction rub. Hypoxemia may be present. Radiographic findings most often 
include a pattern of reticular lines with scattered ground-glass opacification progressing to 
consolidation. Hypersensitivity reactions to drugs are often acute in onset and may resolve 
quickly after the offending agent is removed. Corticosteroids may be beneficial in selected 
patients with severe disease. 


In contrast to the acute onset and radiographic presentation of hypersensitivity reactions, chronic 
interstitial changes can be caused by cellular drug injury over time with a threshold or 
cumulative dose-effect. Chronic interstitial changes may result in dyspnea due to physiologic 
impairment of gas exchange but typically cause few systemic symptoms. Withdrawal of the 
offending drug and treatment with corticosteroids may lead to clinical improvement, stability, or 
continued disease progression. 


Radiation pneumonitis, which occurs in approximately 7% to 20% of patients undergoing 
radiation therapy (especially of the chest, head and neck, and whole body), is a form of radiation- 
induced lung injury with the histopathologic findings of alveolar and capillary injury and repair. 
Patients with a high total dose of radiation, preexisting lung disease (especially chronic 
obstructive pulmonary disease), and concomitant chemotherapy and radiation therapy are at 
increased risk. Nonspecific symptoms begin 1 to 6 months after radiation therapy has been 
completed and include fever, weight loss, dry cough, and dyspnea. Physical examination of the 
chest usually shows only skin changes from radiation exposure and the occasional presence of a 
pleural rub. The disease can be severe, with progression over days to weeks leading to acute 
respiratory failure. The clinical and radiographic worsening over days to weeks is a helpful clue 
to distinguish radiation pneumonitis from recurrent local or metastatic cancer. The radiographic 
features typically consist of alveolar opacification of the irradiated portion of the lung with 
occasional air bronchograms. As confluence progresses, a nonanatomic “edge” may be seen on 
the chest radiograph, which reflects the border of the radiation port. Radiation pneumonitis can 
occur even outside the radiation field and rarely affects the contralateral lung. Radiation damage 
may also lead to pericardial and pleural disease. HRCT imaging is often not needed in patients 
with the appropriate clinical context and radiographic features. There are no clinical trial data to 
support treatment recommendations for radiation pneumonitis, but long-term corticosteroid 
therapy is supported by response rates estimated at 80%. Therapy with prednisone, at an initial 
dose of 1.0 to 1.5 mg/kg of body weight for several weeks with prolonged taper over weeks to 
months, is reasonable. 


Radiation fibrosis is clinically distinct from radiation pneumonitis, although the diseases may 
have overlapping clinical presentations. Radiation fibrosis can occur in patients with or without a 
history of radiation pneumonitis. Radiation fibrosis occurs 6 to 24 months after radiation therapy 


and represents a long-term fibrotic sequela of lung damage, most often within the radiation field. 
Symptoms are uncommon, but patients with previous marginal lung function may have 
worsening dyspnea. The fibrotic process is irreversible. 


Table 11. Drug-Induced Lung Diseases: Hypersensitivity vs. 
Fibrotic Interstitial 


Temporal/Radiographic Pattern 


Acute/Cellular Infiltrate +/- Eosinophilia Chronic/Interstitial Infiltrate 
Amiodarone Amphotericin B 
Azathioprine Amiodarone 
Bleomycin Bleomycin 
Busulfan Cyclophosphamide 
Carbamazapine Methadone 
Ethambutol Methotrexate 
Fluoxetine Mitomycin (vinca alkaloids) 
Granulocyte-macrophage colony-stimulating factor (GM-CSF) Nitrofurantoin 
Imatinib mesylate Nitrosoureas 
Isoniazid 
Sulfonamides 
Trazodone 
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Connective Tissue Diseases 


Connective tissue diseases, along with drugs and environmental causes, are the most common 
known causes of DPLD. Pulmonary complications in patients with connective tissue diseases 
may involve the airways, pleura, musculoskeletal structures, and pulmonary vasculature in 
addition to the lung parenchyma. For example, up to 90% of patients with systemic lupus 
erythematosus have lung involvement, but interstitial disease is rare in these patients. Interstitial 
disease usually occurs in patients with a known connective tissue disease; however, the 
interstitial disease may be the initial finding in patients with an undiagnosed connective tissue 
disease, especially dermatomyositis, polymyositis, and rheumatoid arthritis. Diagnosis of 
connective tissue disease in a patient with DPLD affects the evaluation, treatment, and prognosis. 
Screening serologic testing for connective tissue disease in patients with DPLD is controversial. 
Serologic testing is most useful when clinical suspicion or physical examination findings suggest 
the presence of a connective tissue disease. 


Treatment of connective tissue disease-related interstitial lung disease is disease-specific, with 
corticosteroids and/or cytotoxic therapies directed at the patient’s connective tissue disease. The 
presence and extent of pulmonary involvement are often the major prognostic factor. Monitoring 


progression of lung disease or response to therapy by serial radiographic imaging and pulmonary 
function studies is a key determinant in modulating therapy for the systemic disease. Infection 
and drug-induced lung disease should always be considered in patients treated with cytotoxic or 
immunomodulating therapies who present with acute respiratory worsening. 


Approximately 75% of patients with systemic sclerosis have DPLD evident on HRCT 
accompanied by abnormal gas exchange and restrictive changes on pulmonary function testing. 
Common symptoms in these patients are worsening dyspnea and dry cough; pulmonary 
hypertension is a common finding. Pulmonary histopathologic findings usually demonstrate 
nonspecific interstitial pneumonitis. Oral corticosteroid therapy has not consistently proved to be 
beneficial. A recent randomized, placebo-controlled trial demonstrated less decline of lung 
volume in patients with systemic sclerosis treated with cyclophosphamide compared with 
placebo. 


Patients with rheumatoid arthritis may develop multiple pulmonary complications, including 
pleural disease, bronchitis and bronchiectasis, lung nodules, and acute lung injury. Rheumatoid 
arthritis—associated interstitial lung disease occurs in as many as 50% of patients with 
rheumatoid arthritis, may precede musculoskeletal joint disease, and is more common in men 
than in women. Affected patients have gradually progressive restrictive lung disease with 
impaired gas exchange. Acute respiratory worsening with acute interstitial pneumonia can be the 
initial presentation. Treatment of rheumatoid arthritis—associated interstitial lung disease is 
similar to treatment of systemic rheumatoid arthritis. Treatment of rheumatoid arthritis with 
methotrexate can lead to drug-induced lung disease, which is clinically difficult to distinguish 
from new-onset or worsening rheumatoid arthritis—associated interstitial lung disease. In 
addition, atypical pulmonary infections in patients treated with immunosuppressive therapy may 
mimic interstitial lung disease. 
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Hypersensitivity Pneumonitis 


Hypersensitivity pneumonitis is an allergic, inflammatory lung disease also called extrinsic 
allergic alveolitis. It results from exposure to airborne allergens, which cause a cell-mediated 
immunologic sensitization. Recurrent exposure then leads to inflammatory cytokine recruitment 
of CD8 lymphocytes, which results in granuloma formation and, over time, may produce 
parenchymal lung fibrosis. Typical antigens that trigger an allergic response are derived from 
bacterial and fungal elements in decaying organic matter, including moldy hay, grain dust, 
lumber, and stagnant water. Mycobacteria are also known antigens that contaminate hot tubs and 
lead to acute hypersensitivity pneumonitis following recurrent exposure. Animal proteins can be 
antigenic; implicated sources include bird feces and dander from feathers. Finally, inorganic low- 
molecular-weight chemicals, including diisocyanates, certain pesticides, and machine lubricants, 
are also known antigens. The source of antigen exposure is often given credit in the naming of 
the occupational disease associated with hypersensitivity pneumonitis (Table 12). 


Hypersensitivity pneumonitis most often occurs in nonsmokers whose occupation, hobbies, or 
lifestyle repeatedly exposes them to a known inhalational antigen. Dyspnea and dry cough are 
the most common respiratory manifestations; they may be accompanied by fever, weight loss, 
fatigue, and body aches. Physical examination often reveals mid-lung crackles and occasional 
“squeaks.” Most patients exposed to an inhalational antigen develop symptoms within 4 to 12 
hours, and symptoms are alleviated by prolonged abstinence from the offending antigen. Repeat 
exposure after abstinence often causes the symptom pattern to return. 


The disease presentation, severity, and latency are affected by the concentration of antigen, 
duration of exposure, exposure frequency, and interval between exposures. Generally, 
hypersensitivity pneumonitis consists of an acute form and a subacute or chronic form. Patients 
with acute disease usually present with several weeks of symptoms temporally related to 
antigenic exposure. The chest radiograph usually shows diffuse alveolar infiltrates with an 
associated reticular pattern. 


Patients with chronic hypersensitivity pneumonitis may not recall acute episodes of respiratory 
worsening that can be linked to antigen exposure. The patient may have chronic fatigue and 
weight loss with cough and a gradual worsening of exertional dyspnea. In such patients, review 
of previous chest radiographs may show a gradual progression resulting in mid- and upper-lung— 
dominant fibrosis and volume loss. 


HRCT should be considered in the diagnostic evaluation for all patients with possible 
hypersensitivity pneumonitis except those whose chest radiograph, symptoms, and exposure to a 
known antigen source make the diagnosis highly likely. Classic HRCT findings include a pattern 
of ground-glass opacification and centrilobular nodules in an upper- and mid-lung distribution. 
The centrilobular nodules are thought to represent cellular bronchiolitis, and therefore HRCT 
expiratory imaging often demonstrates air-trapping. Subacute or chronic disease often has a 
similar pattern of centrilobular nodules and ground-glass opacification, but these findings are 
associated with reticular lines, honeycomb changes, and traction bronchiectasis. The distribution 
of findings is most often upper- and mid-lung, but when the disease is severe, it can involve the 
entire lung. Associated findings include volume loss as the fibrotic disease becomes advanced. 


Pulmonary function tests in patients with hypersensitivity pneumonitis may show an obstructive 
or a restrictive pattern with a low DLCO. Laboratory tests may reveal leukocytosis and elevated 
inflammatory markers. Identification of specific IgG serum precipitins may be clinically useful 
in select patients. However, false-negative results are common, and false-positive results 
frequently occur in patients with known exposure but without clinical disease. The key 
histopathologic features of acute hypersensitivity pneumonitis include poorly formed granulomas 
with bronchiolitis and lymphoplasmacytic interstitial infiltration. Chronic hypersensitivity 
pneumonitis can be difficult to distinguish from idiopathic pulmonary fibrosis in the absence of a 
known exposure. Surgical lung biopsy specimens of multiple lobes show specific histopathologic 
features of chronic hypersensitivity pneumonitis in two thirds of patients. In the other patients, 
nonspecific histopathologic findings of usual interstitial pneumonia alone or with nonspecific 
interstitial pneumonitis are identified. In these patients, the clinical—radiographic correlation is 
the key to diagnosis and treatment. 


Treatment always includes eliminating exposure to the offending antigen coupled with 
notification of other persons at risk for exposure. In patients with an acute cases with modest 
symptoms, antigen avoidance may be the only needed treatment. Oral corticosteroids should be 
considered for patients with hypoxemia or failure to improve after elimination of exposure. In 
patients with fibrotic changes and chronic hypersensitivity pneumonitis, treatment may initially 
include prednisone. When necessary, long-term therapy with cytotoxic agents and referral of 
appropriate patients for lung transplantation should be considered. 


Table 12. Hypersensitivity Pheumonitis: Antigen Source and 
Associated Disease 


Antigen Source Associated Disease 
Organic Antigens: Bacteria, Fungi, Mycobacteria 

Moldy hay, silage, or grain Farmer’s lung 

Potatoes packed in moldy hay Potato worker’s lung 

Moldy typesetting water Bible printer’s lung 

Moldy cheese Cheese washer’s lung 

Aerosolized hot tub water Hot tub lung 

Stagnant humidifier water Humidifier lung 

Moldy cork Suberosis 

Moldy wood dust Wood dust or wood trimmer’s lung 

Organic Antigens: Animal Protein 

Bird feathers and droppings Bird fancier’s lung 

Processed turkey or chicken serum Turkey or chicken handler’s lung 

Animal pelts Furrier’s lung 


Laboratory animal dander, serum, excrement Laboratory worker’s lung 
Inorganic Antigens 


Diisocyanate(s) Chemical lung 
Aerosolized machine lubricants Machine operator’s lung 
Pyrethrum Pesticide lung 
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Smoking-related Interstitial Lung Disease 


Interstitial lung diseases associated with smoking include pulmonary Langerhans cell 
histiocytosis, respiratory bronchiolitis—associated interstitial lung disease, and desquamative 
interstitial pneumonia. Smoking may also be a risk factor for the development of idiopathic 
pulmonary fibrosis. 


Pulmonary Langerhans cell histiocytosis (formerly called histiocytosis X or eosinophilic 
granuloma) typically presents in a young (less than 40 years of age) current smoker. 
Pneumothorax occurs in 25% of patients with the disorder. The temporal pattern of the disease 
tends to be subacute, with gradual worsening of cough and dyspnea. Pulmonary function studies 
typically reveal an obstructive pattern with low DLCO in those with more severe parenchymal 
involvement, and those with mild disease may have obstructive, restrictive, or normal lung 
function. HRCT showing a pattern of nodules accompanied by thin-walled cysts in an upper and 
middle lung-field distribution is virtually pathognomonic. The initial treatment is smoking 
cessation. The disease may stabilize in patients who stop smoking, but most patients show 
evidence of gradual progression. In patients with the related systemic disease of Langerhans cell 
histiocytosis, chemotherapy with novel agents such as cladribine (2-chlorodeoxyadenosine [2- 
CdA]) appears to be effective, but such therapy has not been evaluated for treatment of smoking- 
related pulmonary Langerhans cell histiocytosis without systemic disease. 


Respiratory bronchiolitis—associated interstitial lung disease (RB-ILD) and desquamative 
interstitial pneumonia (DIP) are overlapping disorders that have a similar spectrum of clinical, 
radiologic, and pathologic features in current or former smokers. RB-ILD is a form of 
bronchiolitis that occurs in most smokers and is occasionally severe enough to cause clinical 
symptoms and characteristic radiographic abnormalities. Affected patients present with the 
gradual onset of persistent cough and dyspnea with impaired gas exchange; pulmonary function 
tests show an obstructive or mixed obstructive/restrictive pattern. Chest radiograph may be 
normal but usually shows a pattern of bronchial wall thickening and alveolar infiltrates in a 
central and basilar distribution. HRCT shows a pattern of centrilobular nodules with air-trapping 
and scattered ground-glass attenuation. These HRCT findings are also seen, although less 
extensively, in asymptomatic smokers. DIP is a rare disorder that shares causal and clinical 
features and treatment with RB-ILD. Treatment of RB-ILD and DIP includes smoking cessation 
and avoidance of all passive exposure to smoke; most patients who avoid smoke improve. 
Corticosteroids are commonly used in severe disease but are of uncertain efficacy. The disorders 
progress in a small subset of patients despite smoking cessation and corticosteroid therapy. 
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Idiopathic Interstitial Pheumonias 


The idiopathic interstitial pneumonias are functionally grouped together because the definitive 
diagnosis commonly requires a diagnostic surgical lung biopsy that reveals a distinct 
histopathologic pattern. Making a specific diagnosis is essential to manage patients with these 
diseases. The key step in diagnosis is correlation of the histopathologic findings with the 
patient’s clinical and radiographic findings. Diagnostic criteria for these diseases have been 
refined in the past decade, complicating clinical evaluation but leading to scientific advancement 
through clinical trials. Combined input from the radiologist, pathologist, and clinician is the 
current standard for diagnosis of atypical cases of idiopathic pulmonary fibrosis and other 
idiopathic interstitial pneumonias. 
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Idiopathic Pulmonary Fibrosis 


Idiopathic pulmonary fibrosis constitutes 25% to 35% of clinically encountered interstitial lung 
diseases. Current diagnostic criteria classify the diagnosis as “definite” when a surgical lung 
biopsy specimen shows usual interstitial pneumonia in the appropriate clinical—radiographic 
context. However, the pattern of usual interstitial pneumonia is not specific for idiopathic 
pulmonary fibrosis. 


The diagnosis of idiopathic pulmonary fibrosis is “probable” in the absence of surgical lung 
biopsy when typical HRCT features are present in the appropriate clinical context. The clinical 
context is typically a middle-aged or older person with interstitial lung disease in whom no cause 
can be identified. Presenting manifestations generally include dry cough and dyspnea without 
systemic symptoms. Physical examination characteristically shows bibasilar dry inspiratory 
crackles. Digital clubbing is present in 30% of patients. Laboratory tests are not helpful unless 
there is clinical suspicion for underlying connective tissue disease. Pulmonary function tests 
show physiologic impairment of oxygen uptake and restriction of lung volumes. The disease is 
characteristically slowly progressive. HRCT findings are important in the diagnostic evaluation 
and may obviate the need for surgical lung biopsy. HRCT features that suggest usual interstitial 
pneumonia include reticular opacities and honeycombing with a peripheral and basilar 
predominance and minimal or no ground-glass opacifications. If these HRCT features are not 
present, the diagnosis of idiopathic pulmonary fibrosis requires surgical lung biopsy. 
Bronchoscopic lung biopsy is not helpful because recognition of usual interstitial pneumonia 
requires a larger sample than can be obtained by this procedure. 


Because of the poor prognosis of idiopathic pulmonary fibrosis (2- to 3-year mortality rate 50%) 
and the lack of effective treatment, management of newly diagnosed disease is challenging. 
Traditional treatment with corticosteroids and cytotoxic therapies is not known to affect survival, 
and the risk of these therapies may outweigh their benefit. When appropriate, patients should be 
referred for lung transplantation or considered for enrollment in clinical trials. 


Several complications are common in patients with idiopathic pulmonary fibrosis. Recent studies 
suggest pulmonary arterial hypertension is relatively common in patients with idiopathic 
pulmonary fibrosis and is associated with a poorer prognosis. Diagnosis of pulmonary arterial 
hypertension should prompt treatment with oxygen when resting, exercise-induced, or nocturnal 
hypoxemia is present. Treatment of pulmonary hypertension with vasodilators has been shown to 
improve dyspnea scores and distance walked in 6 minutes. The efficacy of vasodilator therapy in 
idiopathic pulmonary fibrosis is being investigated, and recommendations for treatment of 
patients whose disease is complicated by pulmonary arterial hypertension remain uncertain. 
Gastroesophageal reflux disease (GERD) is a risk factor for idiopathic pulmonary fibrosis, but 
the relationship of GERD to the pathogenesis, progression, or treatment of the idiopathic 
pulmonary fibrosis remains uncertain. Screening of patients with idiopathic pulmonary fibrosis 
for GERD is controversial, but patients who have symptomatic GERD should be treated with 
lifestyle modifications and a proton pump inhibitor; if these measures fail, surgical treatment 
should be considered. 


Idiopathic pulmonary fibrosis has long been thought of as a slowly progressive disorder that 
worsens gas exchange, leading to respiratory distress, hypoxemia, and eventually death. 
Recently, a clinical syndrome of accelerated worsening of previously stable disease has been 
described and termed acute exacerbation of idiopathic pulmonary fibrosis. Although previously 
thought to be uncommon, acute exacerbation of disease may be a relatively common cause of 
death in affected patients. The clinical context is acute worsening (less than 1 month) of 
respiratory symptoms and gas exchange, along with new lung infiltrates occurring in the absence 
of identifiable infection, pulmonary embolism, or cardiac dysfunction (Table 13). 


Surgical lung biopsy specimens from these patients have consistently shown superimposed 
diffuse alveolar damage on a background of usual interstitial pneumonia. Short-term prognosis is 
poor, and therapy is not effective. Limited data suggest that systemic anticoagulation may 
improve outcome, but recommendations for routine use are uncertain. 


Table 13. Diagnostic Criteria for Acute Exacerbation of 
Idiopathic Pulmonary Fibrosis 


Previous or concurrent diagnosis of idiopathic pulmonary fibrosis 
Unexplained worsening or development of dyspnea within 30 days 


High-resolution CT scan with new bilateral ground-glass opacification and/or consolidation 
superimposed on a background reticular or honeycomb pattern consistent with usual interstitial 
pneumonia 


No evidence of pulmonary infection by endotracheal aspiration or bronchoalveolar lavage 
Exclusion of alternative causes, including the following: 

Left heart failure 

Pulmonary embolism 

Identifiable cause of acute lung injury 


Adapted with permission from Collard HR, Moore BB, Flaherty KR, et al; Idiopathic Pulmonary 
Fibrosis Clinical Research Network Investigators. Acute exacerbations of idiopathic pulmonary 
fibrosis. Am J Respir Crit Care Med. 2007;176(7):636—643. [PMID: 17585107] Copyright 2007, 
American Thoracic Society. 
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Nonspecific Interstitial Pheumonitis 


Nonspecific interstitial pneumonitis is a rare idiopathic disorder that shares many clinical and 
radiologic features with idiopathic pulmonary fibrosis. HRCT features of nonspecific interstitial 
pneumonitis include basilar or mid-lung reticular changes, rarely with honeycombing, and a 
dominant pattern of ground-glass opacification in the mid- and lower-lung zones. A diagnosis of 
nonspecific interstitial pneumonitis requires open lung biopsy. The histopathologic pattern of the 


disorder includes lymphoplasmacytic interstitial infiltration in a uniform pattern that disrupts the 
normal lung architecture and may be accompanied by chronic fibrosis. The prognosis and 
response to treatment are better when the pattern involves cellular inflammation rather than 
fibrosis. The diagnosis depends on excluding histopathologic features of organizing pneumonia, 
usual interstitial pneumonia, and diffuse alveolar damage. 


The histopathologic pattern of nonspecific interstitial pneumonitis is most frequently the 
manifestation of connective tissue disease—associated interstitial lung disease, hypersensitivity 
pneumonitis, drug-induced lung disease, or HIV infection. A patient with a new diagnosis of 
nonspecific interstitial pneumonitis requires evaluation for diseases known to cause that pattern, 
especially connective tissue disease. Treatment consists of corticosteroids with or without 
cytotoxic agents. Prognosis is better than for idiopathic pulmonary fibrosis but remains poor for 
patients with a dominant fibrotic pattern on lung biopsy specimen. 
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Cryptogenic Organizing Pneumonia 


Cryptogenic organizing pneumonia (formerly called idiopathic bronchiolitis obliterans 
organizing pneumonia) is an idiopathic lung disease with the relatively nonspecific 
histopathologic correlate of organizing pneumonia. In some patients, organizing pneumonia is a 
reparative process that can occur as a secondary finding in association with pulmonary infection, 
infarction, carcinoma, and Wegener granulomatosis. In other patients, organizing pneumonia 
represents a histopathologic process that can accompany radiation therapy, connective tissue 
disease, and drug-related injury. When organizing pneumonia occurs as a primary 
histopathologic process without any associated cause, it is called cryptogenic organizing 
pneumonia. 


Cryptogenic organizing pneumonia typically affects middle-aged nonsmokers, with both sexes 
being equally affected. The temporal pattern of disease onset and progression of symptoms are 
subacute. Symptoms usually consist of cough with fatigue, low-grade fever, anorexia, and weight 
loss. Most patients are initially diagnosed with viral pneumonitis or bacterial pneumonia after 1 
to 2 weeks of symptoms. Cryptogenic organizing pneumonia is often considered 6 to 8 weeks 
later, usually after one or more courses of ineffective antimicrobial therapy. The chest radiograph 
most commonly shows a pattern of multiple patchy alveolar opacities with or without air 
bronchograms. Their distribution is peripheral and bilateral; the infiltrates may be migratory with 
resolution of established opacities as new areas appear on serial imaging. Imaging may also be 
nonspecific, showing interstitial infiltrates and alveolar opacification or showing one or more 
rounded nodules that may be interpreted as malignancy. Pulmonary function tests may show an 
obstructive or restrictive pattern. Diagnosis requires organizing pneumonia as the primary 
histopathologic finding in conjunction with clinical exclusion of known associated conditions. 
Surgical lung biopsy is the preferred technique, although bronchoscopic lung biopsy occasionally 
provides sufficient tissue for diagnosis. 


Although some patients with mild disease improve without treatment, systemic corticosteroids 
result in rapid symptomatic improvement and gradual resolution of radiologic findings. 
Corticosteroid therapy should be continued at a dose of 1.0 to 1.5 mg/kg of prednisone for 1 to 3 
months, with a prolonged taper over 6 to 12 months. The disorder commonly recurs during 
corticosteroid tapering. The prognosis is generally good and only occasionally requires long-term 
treatment with corticosteroid-sparing cytotoxic therapy. 
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Acute Interstitial Pheumonia 


Acute interstitial pneumonia (also known as Hamman-Rich syndrome and idiopathic diffuse 
alveolar damage) is clinically distinct from most DPLDs in that it presents with acute respiratory 
worsening resulting in fulminant respiratory failure and usually requiring mechanical ventilation 
within days or weeks after the onset of symptoms. Acute interstitial pneumonia is a distinct 
disease entity, but its clinical, radiologic, and pathologic features are indistinguishable from 
those of diffuse alveolar damage secondary to known causes of lung injury. The diagnosis 
requires exclusion of known causes of diffuse alveolar damage, such as an acute exacerbation of 
idiopathic pulmonary fibrosis, connective tissue disease, pneumonia, sepsis, or inhalational 
injury. Pulmonary infections and acute eosinophilic pneumonia may present with similar clinical 
and radiographic features. Prognosis is poor, with an estimated 50% short-term mortality rate 
and no known effective therapy. Patients who recover from the initial illness may relapse or have 
progression of an underlying interstitial lung disease. 
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Miscellaneous Diffuse Parenchymal Lung Diseases 


e Sarcoidosis 
e Lymphangioleio- myomatosis 
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Sarcoidosis 


Sarcoidosis is a multisystem, granulomatous, inflammatory condition of unknown cause that 
occurs in young adults of both sexes. The temporal pattern of disease progression ranges from 
asymptomatic to acute systemic presentations with fever, erythema nodosum, polyarthralgia, and 
hilar lymphadenopathy (Lofgren syndrome). An estimated 90% of patients have pulmonary 
involvement at the time of presentation. Sarcoidosis commonly involves the eyes and skin; the 
central nervous system, heart, and gastrointestinal tract are less commonly involved. A 
traditional staging system for sarcoidosis is based on chest radiographic findings at presentation 


and is useful for prognosis (Table 14). HRCT is not required in most patients, but findings can 
be characteristic when demonstrating a pattern of reticulonodular abnormalities in a central 
distribution along the bronchovascular lymphatic vessels associated with bilateral hilar and 
mediastinal lymphadenopathy. 


The diagnosis of sarcoidosis requires histopathologic demonstration of organ involvement with 
noncaseating granulomatous inflammation in conjunction with the appropriate clinical and 
radiographic findings and the exclusion of other diseases. Diagnostic tissue can be obtained from 
any involved organ. Bronchoscopy has a diagnostic yield of up to 90% when multiple 
transbronchial lung biopsies are combined with endobronchial biopsies. Approximately 20% of 
patients present with mediastinal and hilar lymphadenopathy without parenchymal abnormalities. 
In these patients, mediastinoscopy is usually obtained but is more invasive than bronchoscopic 
needle aspiration of lymph nodes. A recent study reports that bronchoscopic needle aspiration of 
mediastinal and hilar lymph nodes using endobronchial endoscopic ultrasonography has a 
sensitivity of 85% for diagnosing sarcoidosis. Gastrointestinal endoscopic ultrasonography also 
offers easy access to enlarged mediastinal lymph nodes and is safe and well tolerated, with 
similar high sensitivity as transbronchial biopsy and endobronchial endoscopic ultrasonography. 


Sarcoidosis resolves spontaneously in up to two thirds of patients. Treatment may not be 
indicated in patients with asymptomatic radiographic abnormalities. When treatment is indicated, 
corticosteroids alleviate symptoms and improve lung function and radiographic findings, but 
they have not been shown to alter the course of the disease. The dose and duration of therapy 
have not been well studied. Prednisone, 0.5 mg/kg for 1 to 3 months and gradual tapering with 
alternate-day dosing of 10 to 20 mg to complete 9 to 12 months of therapy, is a reasonable 
recommendation. Patients who do not tolerate corticosteroids or who have resistant disease may 
be treated with methotrexate, hydroxychloroquine, or azathioprine. A recent study of infliximab 
versus placebo in patients with chronic sarcoidosis showed minimal improvement in lung 
function in the treated patients. No significant differences in symptoms were noted, and the use 
of infliximab and other tumor necrosis factor a inhibitors does not have a clearly defined role in 
treatment of sarcoidosis. 


Table 14. Radiographic Classification of Sarcoidosis 


Stage Radiographic Pattern Frequency of Frequency of Spontaneous and 
Presentation (%) Radiographic Remission (% ) 
0 Normal 10 
I Hilar lymphadenopathy 20 50-90 
II Hilar lymphadenopathy; 50 40-70 
abnormal lung parenchyma 
II Nolymphadenopathy; abnormal 20 10-20 


lung parenchyma 


IV Parenchymal fibrotic change with <5 0 
architectural distortion 
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Lymphangioleio- myomatosis 


Lymphangioleiomyomatosis is a rare progressive cystic lung disease accounting for less than 1% 
of all interstitial lung disease and occurring almost exclusively in women in their third or fourth 
decade. The disorder occurs as either a sporadic isolated pulmonary disease or, in approximately 
15% of patients, in conjunction with tuberous sclerosis. In a recent study of 243 women with 
pulmonary disease and tuberous sclerosis—associated disease, the most common symptom at 
presentation was breathlessness. Nearly 90% of all patients diagnosed with 
lymphangioleiomyomatosis (with or without tuberous sclerosis) presented with respiratory 
complications; 36% presented for medical evaluation because of spontaneous pneumothorax, 
with an overall incidence of spontaneous pneumothorax of 55% in all patients. Pulmonary 
function tests usually show obstructive disease, but the findings may be normal in early disease. 


The diagnosis is based on imaging studies in the appropriate clinical context. Many young 
women are initially diagnosed with emphysema. Spontaneous pneumothoraces, chylothorax, and 
young age indicate that lymphangioleiomyomatosis should be considered. Chest radiographic 
findings paradoxically show diffuse reticulonodular infiltrates associated with hyperinflation. 
HRCT findings may be diagnostic when demonstrating a pattern of diffuse, thin-walled, small 
cysts that are distributed diffusely throughout the lung. Surgical lung biopsy is not required, but 
when obtained, shows proliferation of smooth-muscle cells and cysts. The disease has been 
causally associated with estrogen, but treatment with hormonal manipulation and progestins is 
not effective. The disease is slowly progressive and results in severe lung disease and need for 
lung transplantation. 
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Occupational and Environmental Lung Disease 


e Approach to Occupational and Environmental Lung Disease 
e Asbestos-associated Lung Disease 


Key Points 


e The occupational/environmental history should include information about the work 
process; materials to which a person is exposed; the frequency, duration, and intensity of 
exposure; and non—work-related exposures. 

e Pleural plaques are the most common sequelae of asbestos exposure and typically 
develop bilaterally, with a latency of 10 to 20 years. 

e Asbestosis is characterized by bilateral interstitial fibrosis of the lung parenchyma caused 
by inhalation of asbestos fibers, with a latency of 20 to 30 years. 

e Cigarette smoke and asbestos have a synergistic (multiplicative) effect on the risk of lung 
cancer. 

e The most extensively studied occupational exposures with epidemiologic and pathologic 
data to support a causative link to chronic obstructive pulmonary disease are coal, silica, 
and cadmium exposure. 
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Approach to Occupational and Environmental Lung Disease 


Many lung diseases can be caused by an occupational or environmental exposure; however, 
identifying an exposure-related case is often difficult because the clinical and pathologic 
expressions of occupational and environmental lung diseases are indistinguishable from those of 
nonoccupational lung diseases. Rarely is a presentation pathognomonic of a specific exposure- 
related disorder, such as an elderly pipefitter who presents with a dry cough and dyspnea on 
exertion associated with a chest CT scan showing bilateral, partially calcified pleural plaques and 
lower lobe—predominant interstitial lung disease. This patient has the classic presentation of 
asbestos-related lung disease with pleural plaques and asbestosis. It is more common that 
important occupational or environmental factors contributing to a lung ailment are difficult to 
ascertain and in some cases have unrecognized biologic significance. The first cases of “popcorn 
lung” (bronchiolitis obliterans in microwave popcorn workers) were described in 2002, a result 
of the shrewd observation by one clinician who noted severe fixed airflow obstruction in patients 
without typical risk factors for this disease and noted that all had in common employment in one 
particular industry. Additional cases were subsequently identified in the flavoring industry 


worldwide. Work exposure to diacetyl, a butter flavoring chemical, is now thought to be the 
potential link to this newly recognized lung disease. 


More than 20,000 chemicals are used in industry. Many more are introduced each year, and 
toxicologic data for most of them are limited. The clinician in practice plays an important role in 
recognizing sentinel cases due to well-established and novel exposures. Maintaining a high index 
of suspicion for exposure-related illness and consulting experts in occupational medicine and 
local public health resources when concern for an index case arises help to identify and to 
prevent cases of occupational and environmental lung disease. 
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When to Suspect Occupational and Environmental Lung 
Disease 


In the evaluation of a lung disease suspected of being caused or aggravated by occupational or 
environmental exposures, it can be helpful to consider clinical scenarios in which the suspicion 
for exposure-related lung disease should be heightened and an exposure history expanded. These 
include the following: 


1. Patient concern that symptoms, signs, or diagnostic abnormalities may be due to an 
occupational or environmental factor. 

2. Patient report of a temporal pattern of signs and symptoms, with improvement over the 

weekend or during vacation. 

Patient report that several coworkers are affected with a similar illness. 

Patient report of known hazardous substances at work. 

Lack of a therapeutic response to aggressive appropriate treatment. 

Diagnosis of a lung disease in a patient without established risk factors or outside 

recognized epidemiologic parameters for the specific disease. 

7. Identification of multiple cases of a rare disease in one practice or one geographic area 
(clustering). 


Sey 


Not meeting labor force age of 18 to 65 years does not rule out a work-related illness. Many 
minors and retirees work, often in relatively dangerous trades. Their employment may be casual, 
poorly supervised, uninsured, and difficult to monitor. 
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Taking an Exposure History 


Systematically collecting comprehensive information about a patient’s past employment, 
hobbies, and household and neighborhood exposures is impractical. Taking a focused exposure 
history aimed at identifying occupational or environmental risk factors for the specific disease 


under evaluation is more feasible. This history inevitably varies from patient to patient. 
Evaluation for a disease with long latency, such as a pneumoconiosis, will go back many years 
and focus on fibrogenic dusts. Assessment of a patient with possible occupational asthma can 
usually start with the job where the patient first developed symptoms and focus on substances 
that can induce occupational asthma. 


There are several key components to an occupational and environmental history: 


1. The job title is much less relevant than the job process, the job tasks, and the nature of 
substances with which the patient has contact; consulting Material Safety Data Sheets 
(MSDSs) is helpful in determining the nature of various substances. MSDSs are designed 
to provide both workers and emergency personnel with the proper procedures for 
handling or working with a particular substance. MSDSs include information such as 
physical data, storage, disposal, protective equipment, and spill/leak procedures. 

2. The level of exposure is important to ascertain. Frequency, duration, intensity of 
exposure, and distance from the exposure source are important, as is the presence of 
visible dust in the air or on surrounding equipment and the presence of strong odors. 

3. Temporal relationship of symptoms to work exposure is relevant. Are symptoms better at 
home, on days off, or during vacation? Before the onset of symptoms, was there a change 
in job process or exposure? 

4. Non-work-related environmental exposure from hobbies, home products, pets, and travel 
also has to be considered. 


If a focused exposure history is unrevealing but the presentation and pattern of the disease in 
question continue to raise concern for an occupational or environmental cause, referral to an 
occupational/environmental medicine specialist should be considered. Clinical management of 
an exposure-related illness often requires removal from exposure in addition to pharmacologic 
and supportive therapy. Occupational attribution of a patient’s illness also affects case 
management, including compensation and cost reimbursement. Additionally, a workplace or 
public health response may be needed to identify other persons who may be at risk for the 
disease and to ensure that the relevant exposure is mitigated or eliminated. 
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Asbestos-associated Lung Disease 


e Pathophysiology 
e Epidemiology 
e Risk Factors 


e Diagnosis, Evaluation, and Management 
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Pathophysiology 


Asbestos fibers are naturally occurring fibrous, hydrated silicate minerals that are ubiquitous in 
the soil. Both serpentine or curly fibers (chrysotile, most common in commercial use) and 
straight and needle-like fibers (amphibole, including amosite, crocidolite, tremolite) cause the 
various asbestos-related lung diseases (Table 15). 


Inhaled asbestos fibers are deposited at the bifurcations of the respiratory bronchioles with some 
reaching the alveoli. Alveolar epithelial cells transport some fibers into the pulmonary 
interstitium, whereas others migrate to the pleura by way of the lymphatic channels. The 
mechanisms by which asbestos fibers produce pleural disorders are poorly understood. 
Promotion of asbestosis involves macrophages accumulating around asbestos fibers. These 
macrophages become activated and trigger an inflammatory cascade that leads to alveolitis and 
peribronchiolitis. This inflammatory response is perpetuated with the help of various growth 
factors, such as interleukin 8, interferon-y, platelet-derived growth factor, insulin-like growth 
factor, fibroblast growth factor, and tumor necrosis factor a. The process results in the 
proliferation of fibroblasts and formation of scar tissue leading to the characteristic interstitial 
findings of asbestosis. 


Table 15. Respiratory Diseases Associated with Asbestos 
Exposure 


Pleural disease 

Pleural plaques (localized, often partially calcified) 
Diffuse pleural thickening 

Rounded atelectasis 

Benign pleural effusion 

Mesothelioma 

Parenchymal lung disease 

Asbestosis 

Lung cancer 
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Epidemiology 


Asbestos-related lung disease was first described in the early 1900s. The use of asbestos 
increased rapidly during the 20th century and with it the incidence of asbestos-related health 
effects. Introduction of strict asbestos regulations in many industrialized countries in the 1970s 
has led to a decline in rates of asbestosis since the 1990s and to rates of mesothelioma leveling 
off in many countries, including the United States, with an anticipated downward trend in 


another 5 to 10 years. Asbestos continues to be used in less industrialized countries, placing 
many workers at risk for preventable asbestos-related disease. 
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Risk Factors 


The most important risk factor for development of asbestos-related lung disease is the 
cumulative exposure to the asbestos fiber. Variability in prevalence of disease in populations 
with comparable cumulative exposure is likely due to difference in fiber size, type, and 
distribution. What renders one person potentially more susceptible at a lower cumulative dose 
than another is not fully understood but is thought to relate to factors such as genetics, sex, ethnic 
origin, immune function, and fiber clearance. Between 1940 and 1979, an estimated 19 million 
workers had significant occupational asbestos exposure. The largest number of exposed workers 
was in the construction industry, the automotive servicing industry, and the shipbuilding and 
repair industry. 
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Diagnosis, Evaluation, and Management 


Pleural Plaques 


Diffuse Pleural Thickening 
Rounded Atelectasis 


Benign Pleural Effusion 
Asbestosis 


Asbestos-related Lung Cancer 
Chronic Obstructive Pulmonary Disease 


Diagnosis and Management 
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Pleural Plaques 


Pleural plaques are focal, often partially calcified, fibrous tissue collections on the parietal pleura 
and are considered a marker of asbestos exposure (Figure 6). 


Pleural plaques are the most common sequelae of asbestos exposure and typically develop 
bilaterally, with a latency of 10 to 20 years. Pleural plaques alone rarely, if ever, lead to 
symptoms. Often, they are noticed incidentally on a chest radiograph. A standard chest 
radiograph detects 50% to 80% of pleural plaques identified by chest CT scan. Other causes of 
pleural plaques (especially a unilateral pleural plaque) are previous hemothorax or empyema, 


mesothelioma, lymphoma, multiple myeloma, and pleural metastases. The callus formed after a 
rib fracture may also mimic pleural thickening. Talc, mica, tin, barite, and silica may also cause 
pleural plaques, although some of these materials may simply be contaminated with asbestos. 
Patients with pleural plaques should be monitored for the development of additional asbestos- 
related intrathoracic disease. 


Figure 6. Chest CT-image showing complex asbestos-related 
lung disease in a navy engineer. 


Mediastinal (/eft) and lung (right) windows show bilateral partially calcified pleural thickening 
(arrowheads), asbestosis (black arrows), rounded atelectasis on the right with a classic “comet 
tail” (white arrows), and a loculated right sided benign pleural effusion (star). 
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Diffuse Pleural Thickening 


Diffuse pleural thickening consists of more extensive fibrosis of the pleura than occurs with 
circumscribed pleural plaques. Thickening extends into the visceral pleura and obliterates the 
costophrenic angles. The prevalence of diffuse pleural thickening is much lower than that of 
localized pleural plaques. It is more likely to be associated with pulmonary impairment, 
including breathlessness and restrictive pulmonary physiology. Patients with diffuse pleural 
thickening may develop hypercapnic respiratory failure as their lungs become encased by a thick 
pleural rind that prevents the lungs from expanding. Surgical decortication has shown mixed 
results and is not routinely recommended. 
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Rounded Atelectasis 


Rounded atelectasis (also known as shrinking pleuritis, Blesovsky syndrome, and folded-lung 
syndrome) is the result of infolding of thickened visceral pleura with collapse of the adjacent 
peripheral lung. It can present clinically as single or multiple masses, which must be 
distinguished from a malignancy. The classic radiographic finding is a “comet tail” on chest CT 
scan extending from the hilum toward the base of the lung and then sweeping into the inferior 
pole of the lesion (see Figure 6, right panel). 


Rounded atelectasis can be progressive and associated with pulmonary impairment consisting of 
dyspnea and restrictive pulmonary physiology. As in diffuse pleural thickening, decortication has 
shown mixed results and is not routinely recommended. Other conditions that have been 
associated with rounded atelectasis include parapneumonic effusions, heart failure, Dressler 
syndrome, pulmonary infarcts, and chest trauma with hemothorax. 
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Benign Pleural Effusion 


Benign asbestos-related pleural effusion is a diagnosis of exclusion. It may occur early or late 
after asbestos exposure (see Figure 6, left panel). Most patients with such effusions are 
asymptomatic; however, significant pleuritic pain and sometimes fever can be present. The 
effusion is typically exudative and may be hemorrhagic. Other causes, such as infection, 
malignancy (especially mesothelioma in presentations with long latency), and pulmonary 
embolism, must be excluded. Most benign effusions resolve spontaneously without permanent 
clinical sequelae. 
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Asbestosis 


The term asbestosis is sometimes used to refer to any thoracic manifestation resulting from 
asbestos exposure. Strictly speaking, the term refers only to bilateral interstitial fibrosis of the 
lung parenchyma caused by inhalation of asbestos fibers. The diagnosis can usually be based on 
clinical findings without histopathologic confirmation. The presence of an exposure history of 
appropriate duration, latency (typically 20 to 30 years), and intensity and radiographic evidence 
of interstitial fibrosis on chest radiograph or chest CT scan (Table 16) (see also Figure 6, left 
panel) are usually sufficient for diagnosis. 


Additional helpful clinical findings are breathlessness, bibasilar inspiratory crackles, and/or 
digital clubbing on physical examination and pulmonary function testing showing a restrictive 


pattern and decreased DLCO. Other pneumoconioses and other causes of pulmonary fibrosis, 
such as metal or organic dust, drugs, infectious agents, connective tissue diseases, and idiopathic 
pulmonary fibrosis, must be excluded. If a diagnosis of asbestosis cannot be established on 
clinical grounds, thoracoscopic biopsy should be obtained (transbronchial biopsy specimens are 
inadequate for diagnosis). The histopathologic pattern of asbestosis is usual interstitial 
pneumonia with the presence of at least one asbestos body on iron stain. There is no effective 
pharmacologic therapy for asbestosis. Immunosuppressive therapy has been tried without 
success. Management includes supplemental oxygen if necessary based on resting and 6-minute 
oxygen walk values, influenza and pneumococcal vaccinations, smoking cessation if applicable, 
and aggressive therapy for intercurrent infections. 


Table 16. Chest CT Findings Typical for Asbestosis 


Pleural plaques or thickening (90% of patients) 

Thickened intralobular and interlobular lines (must be confirmed on prone imaging) 
Parenchymal bands, often contiguous with the pleura 

Honeycombing (in patients with advanced disease) 

Curvilinear subpleural lines of varying length, often parallel to the pleura (must also be 
confirmed on prone imaging) 
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Asbestos-related Lung Cancer 


An association between occupational exposure to asbestos and lung cancer is well established. 
Most cases occur in patients with asbestosis, but a diagnosis of asbestosis is not necessary to 
attribute lung cancer to asbestos exposure. Cigarette smoke and asbestos have a synergistic 
(multiplicative) effect on the risk for lung cancer. The clinical presentation, diagnostic 
evaluation, histopathologic findings, treatment, and prognosis of asbestos-related lung cancer do 
not differ from those in lung cancer caused by tobacco use alone. However, such a diagnosis may 
have legal implications, and patients should be counseled to obtain further information to this 
effect. 
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Chronic Obstructive Pulmonary Disease 


Chronic obstructive pulmonary disease (COPD) results in airflow limitation that is not fully 
reversible and is usually progressive (see Chronic Obstructive Pulmonary Disease). Smoking is 
the most common risk factor for COPD. Over the last two decades, increasing evidence has 
shown that various occupational and environmental exposures can cause or contribute to the 
development of COPD. The most extensively studied occupational exposures with epidemiologic 
and pathologic data to support a causative link to COPD are coal, silica, and cadmium exposure. 
Quantitative pathologic assessment of emphysema in coal and hard-rock miners confirms a 


relationship between dust exposure and the degree of emphysema independent of tobacco use. 
Several population- and community-based studies have shown a significant association between 
COPD and occupational exposure to gases, fumes, vapors, and dust. These studies also support 
that work in certain industries, such as the textile industry or agriculture, is associated with a 
greater risk for COPD (Table 17). 


In 2003, the American Thoracic Society published a statement on the occupational contribution 
to the overall burden of airways disease, which concluded that 15% of cases of both asthma and 
COPD are likely to be work related. Another study based on U.S. National Health and Nutrition 
Examination Survey (NHANES) III data estimates the percentage of COPD attributable to work 
at 19% overall and 31% in never-smokers. 


Table 17. Agents Associated with Increased Risk for Chronic 
Obstructive Pulmonary Disease 


Minerals 

Coal (mining) 

Silica 

Man-made mineral fibers 

Cement (construction) 

Metals 

Vanadium 

Cadmium 

Organic Dusts 

Cotton, hemp, jute (textile industry) 
Grain dust (agricultural and farm workers, flour mill workers, and bakery workers) 
Wood (paper milling) 

Mixed Dusts — Gases, Fumes, Particles 
Welding fumes 

Fire smoke (biomass) 
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Diagnosis and Management 


Unlike occupational asthma, occupational COPD has no distinct definition. The clinical and 
pathologic presentation of most occupational COPD is indistinguishable from nonoccupational 
COPD, and there are no laboratory tests or pulmonary physiology tests that aid in establishing 
the diagnosis as work-related. The diagnosis of occupational COPD is currently mostly based on 
inference from results of population studies to causation in the individual patient. 


Patients present with cough, sputum production, and dyspnea on exertion. Pulmonary function 
tests show variable degrees of airflow obstruction and sometimes a decreased DLCO, depending 
on the degree of emphysema. Pharmacologic management is similar to that of other forms of 
COPD, except that removal from exposure must also be considered. Control of exposure at the 
workplace is key to preventing additional cases. Interventions to reduce or prevent continued 
inhalational exposures include substitution of the inciting agent with less or nonhazardous 
agents, engineering controls (enclosing a process), improved ventilation, and personal protective 
equipment. 
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Pleural Disease 


Pleural effusions are a consequence of five different pathophysiologic processes: (1) transpleural 
pressure imbalance (for example, the transudative effusion of heart failure); (2) increased 
capillary permeability (the exudative effusion of pneumonia); (3) impaired lymphatic drainage 
(the exudative effusion of malignancy); (4) transdiaphragmatic movement of fluid from the 
peritoneal cavity (the transudative effusion of hepatic hydrothorax); and (5) pleural effusions of 
extravascular origin (the exudative effusion of chylothorax). 


The incidence of pleural effusions in the United States is estimated to be 1.5 million annually. 
The most common cause of all pleural effusions is the transudate from heart failure. The 
exudates from parapneumonic effusion and malignancy are the next most common causes. 


Key Points 


e The most common cause of all pleural effusions is a transudate from heart failure; 
parapneumonic and malignant effusions are the most common exudates. 

e A prethoracentesis differential diagnosis of possible pleural effusion should be generated 
based on the clinical presentation, physical examination, laboratory studies, and chest 
imaging because pleural fluid analysis in isolation may often be nondiagnostic. 

e Transudative pleural effusions have a pleural fluid total protein/serum total protein ratio 
of 0.50 or less and a pleural fluid/upper limit of normal serum lactate dehydrogenase ratio 
of less than 0.67. 

e Exudative pleural effusions have either a pleural fluid total protein/serum total protein 
ratio of more than 0.50 or a pleural fluid lactate dehydrogenase concentration greater than 
0.67 of the upper limits of the normal serum concentration. 

e Pleural fluid lymphocytosis (at least 80% lymphocytes) narrows the differential diagnosis 
of the exudate to tuberculous effusion, chylothorax, lymphoma, yellow nail syndrome, 
rheumatoid pleurisy, coronary artery bypass graft surgery, sarcoidosis, acute lung 
rejection, and uremic pleurisy. 

e Pleural fluid pH less than 7.30 narrows the differential diagnosis of the exudate to 
complicated parapneumonic effusion, esophageal rupture, chronic rheumatoid pleurisy, 
malignancy, lupus pleuritis, and tuberculous effusion. 

e An increased pleural fluid amylase concentration (pleural fluid/serum amylase ratio 
greater than 1.0) limits the differential diagnosis to pancreatic disease (acute pancreatitis 
or pancreaticopleural fistula), esophageal rupture, and malignancy, most commonly 
adenocarcinoma of the lung. 

e Patients with recurrent, symptomatic malignant pleural effusions not responsive to 
chemotherapy require drainage for relief of dyspnea. 

e Patients with a positive tuberculin skin test and a lymphocyte-predominant, exudative 
pleural effusion without an alternative diagnosis should be treated for pulmonary 
tuberculosis. 
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Evaluation and Diagnosis 


The evaluation of pleural effusion should begin with a medical history focusing on previous 
coronary artery bypass graft surgery, occupational exposure (particularly to asbestos), 
pneumonia or pleurisy, recent or remote malignancy and its treatment, chest or upper abdominal 
trauma, the duration of the effusion, and whether the effusion has recurred if a previous 
therapeutic thoracentesis had been done. On physical examination, digital clubbing may suggest 
lung cancer as the most likely cause of the effusion and cirrhosis of the liver as an uncommon 
cause. 


Asymptomatic patients with a pleural effusion may have transudative fluid (hypoalbuminemia, 
nephrotic syndrome, or atelectasis) or exudative fluid (benign asbestos pleural effusion, 
rheumatoid pleural effusion, or yellow nail syndrome, which is a rare disorder that consists of 
pleural effusion, lymphedema, and yellow dystrophic nails). Symptomatic patients with a pleural 
effusion may present with a transudate, as from heart failure, or an exudate from parapneumonic 
effusion, malignancy, pulmonary embolism, or tuberculous pleural effusion (with pleuritic pain). 


If the chest radiograph shows only a solitary pleural effusion, diagnoses associated with 
subdiaphragmatic diseases should be considered; these include transudates from hepatic 
hydrothorax and peritoneal dialysis and exudates from pancreatic disease, abscesses (hepatic, 
splenic, and subdiaphragmatic), chylous ascites, metastatic cancer, Meigs syndrome (consisting 
of the triad of ascites, pleural effusion, and benign ovarian tumor), and retroperitoneal 
lymphoma. However, solitary effusions can also originate in the thorax; these include heart 
failure effusion, tuberculous effusion, rheumatoid effusion, chylous effusion, and effusions 
associated with viral pleurisy, lupus pleuritis, lymphoma, pulmonary embolism, closed chest 
trauma, drugs, hypothyroidism, and uremic pleuritis. With bilateral effusions and a normal heart 
size, the differential diagnosis should include exudates from malignancy, esophageal perforation 
(usually left greater than right), and lupus pleuritis, as well as transudates from constrictive 
pericarditis and nephrotic syndrome. In a patient with signs of heart failure, treatment and a 
repeat chest radiograph may be most appropriate, whereas in a patient with acute pleuritic chest 
pain, immediate evaluation for thromboembolic disease may be indicated. 


The resolution time of specific effusions, whether spontaneous resolution or with treatment, also 
helps to narrow the differential diagnosis. Pleural effusions tending to resolve within 2 weeks 
after onset (with appropriate treatment in some patients) include those from acute pancreatitis, 
heart failure, pulmonary embolism, traumatic chylothorax, and lung, heart, or liver 
transplantation. Effusions typically resolving in less than 2 months include parapneumonic 
effusion and effusions from post—cardiac injury syndrome and tuberculous pleurisy. Effusions 
resolving after 2 to 6 months include some cases of benign asbestos pleural effusion and 
effusions from rheumatoid pleurisy and tuberculous pleurisy. Pleural effusions that do not 
resolve until 6 months to | year after onset include benign asbestos pleural effusion and 
effusions from post—coronary artery bypass graft surgery, malignant disease, and rheumatoid 
pleurisy. Benign persistent effusions have a limited differential diagnosis that includes lymphatic 
abnormalities (chylothorax, lymphangiectasia, and yellow nail syndrome) and an unexpandable 
lung (trapped lung). 


After therapeutic thoracentesis, some pleural effusions reaccumulate over several days to 1 week. 
Such rapidly reaccumulating effusions include transudates (as from hepatic hydrothorax, 
peritoneal dialysis, trapped lung, and extravascular pleural migration of a central venous catheter 
with saline or glucose infusion) and exudates (as from chylothorax, lung entrapment, malignant 
ascites, Meigs syndrome, and secondary iatrogenic hemothorax complicating a diagnostic tap). 


A prethoracentesis differential diagnosis should be generated because pleural fluid analysis in 
isolation is usually nondiagnostic. Routine laboratory tests should be obtained, as should, in 
selected patients, echocardiography, chest CT scan, tuberculin skin test, and measurement of 


brain natriuretic peptide, rheumatoid factor, antinuclear antibody, erythrocyte sedimentation rate, 
amylase, and lipase. 
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Pleural Fluid Analysis 


In a patient with a new pleural effusion, a diagnostic thoracentesis is often required; however, in 
the patient with classic symptoms of heart failure without atypical features, such as fever or chest 
pain, observation with treatment is warranted. In other circumstances, such as suspected 
pulmonary embolism, a contrast-enhanced CT scan may be the initial step. Depending on the 
size of the effusion in patients with pneumonia, empiric therapy along with observation may be 
preferable. Effusions occur commonly after coronary artery bypass graft surgery and may be 
treated by observation if the effusion is well tolerated or modest in size. 


As fluid is aspirated from the pleural space, the color, character, and odor should be noted, as 
these characteristics may narrow the differential diagnosis (Table 18 and Table 19). 


The next deductive step is to determine whether the fluid is a transudate or an exudate. 
According to Light’s modified criteria, an effusion is likely an exudate if: 


e the pleural fluid total protein/serum total protein ratio is greater than 0.50, and/or 
e the pleural fluid lactate dehydrogenase (LDH) concentration is greater than 0.67 of the 
upper limits of normal of the serum LDH concentration. 


If the conditions of both tests are not met, the fluid is almost always a transudate. However, 
treatment (for example, diuretics for heart failure), a dual diagnosis (heart failure and a 
concomitant parapneumonic effusion), or some specific diagnoses (chylothorax) can result in 
discordant exudates (an exudate by either the protein or LDH criterion but a transudate by the 
other criterion). The differential diagnosis of a transudative effusion is usually discernible from 
the clinical presentation (Table 20). 


Exudative effusions are associated with many conditions, including infections, connective tissue 
disease, other inflammatory conditions, malignancy, lymphatic abnormalities, and iatrogenic 
causes. The results of the pleural fluid analysis may increase or decrease the posttest probability 
that the effusion is exudative; however, a high or low clinical suspicion should not be affected by 
borderline test results. For example, pleuritic pain suggests an exudate even if tests are 
borderline. 


Almost all exudates have a total nucleated cell count greater than 1000/uL (1 x 10°/L); cell 
counts greater than 10,000/uL (10 x 10°/L) with a predominance of neutrophils occur most 
commonly in parapneumonic effusions, acute pancreatitis, and subdiaphragmatic abscesses. 
When the total nucleated cell count is greater than 50,000/uL (50 x 10°/L), the effusion is 
usually a complicated parapneumonic effusion or caused by empyema and rarely by acute 
pancreatitis and pulmonary infarction. Chronic exudates with a mononuclear cell predominance 


and total nucleated cell counts less than 5000/uL (5 x 10°/L) are typical of tuberculous pleural 
effusion and malignancy. Effusions containing at least 80% lymphocytes of the total nucleated 
cells are caused by a limited number of exudative effusions (Table 21). 


Finding more than 10% eosinophils in the pleural fluid also narrows the differential diagnosis 
(Table 22). 


A pleural fluid pH less than 7.30 occurs consistently with exudates from complicated 
parapneumonic effusions, esophageal rupture, and chronic rheumatoid pleurisy and less 
frequently from malignant effusions, lupus pleuritis, and tuberculous effusions. Pleural fluid 
acidosis may occur with hemothorax, pancreaticopleural fistula, and pulmonary infarction. The 
pathophysiologic mechanisms resulting in low pleural fluid pH and pleural fluid glucose are 
interrelated. Therefore, if pleural fluid pH measurement is not available in an institution, the 
same information can be gained by identifying a pleural fluid glucose concentration less than 60 
mg/dL (3.33 mmol/L) with normal plasma glucose or a pleural fluid/plasma glucose ratio less 
than 0.50. 


Pleural fluid amylase should be measured when the clinical presentation suggests acute 
pancreatitis, pancreaticopleural fistula, or esophageal perforation, which is most commonly 
iatrogenic, especially from esophageal dilatation or malignancy. The isoamylase in acute 
pancreatitis and a pancreaticopleural fistula is pancreatic in origin. An elevated pleural fluid 
salivary-like isoamylase occurs almost always with esophageal perforation and malignancy, 
usually adenocarcinoma of the lung followed by adenocarcinoma of the ovary. 


Triglycerides should be measured in the pleural fluid if a lymphatic leak is a consideration; 
serum triglyceride concentration greater than 110 mg/dL (1.24 mmol/L) suggests a chylothorax, 
whereas a concentration less than 50 mg/dL (0.56 mmol/L) makes chylothorax highly unlikely. 
A diagnosis of chylothorax can be confirmed by detecting chylomicrons in the pleural fluid. 


The sensitivity of cytologic analysis of pleural fluid ranges from 40% to 90% in patients with 
known malignancy. The reasons for the variation include the following: the effusion may be 
associated with the malignancy, but malignant cells are not detected in the pleural fluid (these are 
termed paramalignant effusions, the causes of which include impaired lymphatic drainage, 
postobstructive pneumonia, and pulmonary embolism); the type of tumor (high positivity with 
adenocarcinoma and low positivity in Hodgkin lymphoma); the number of specimens submitted; 
the stage of pleural involvement (the more advanced stage, the higher the sensitivity); and the 
expertise of the cytopathologist. 


Table 18. Color of Pleural Fluid and Associated Diagnoses 


Color Diagnosis 
Pale yellow Transudate; some exudates 


Red Malignancy, benign asbestos pleural effusion, post—cardiac injury 
syndrome, pulmonary infarction, trauma 


White Chylothorax; cholesterol effusion 


Brown Chronic bloody fluid; amebic liver abscess rupture 
Black Aspergillus niger infection 
Yellow-green Rheumatoid pleurisy 


Totally clear or color Extravascular migration of central venous catheter 
of infusate 


Green Biliopleural fistula 


Table 19. Character of Pleural Fluid and Associated 
Diagnoses 


Character Diagnosis 
Water-like Duropleural fistula 
Pus Empyema 
Milky Chylothorax; cholesterol effusion 
Viscous Mesothelioma, empyema 
Debris Rheumatoid pleurisy 
Turbid Inflammatory exudates or lipids 


“Anchovy” paste Amebic liver abscess rupture 
Satin-like sheen Cholesterol effusion 


Table 20. Causes of Transudative Effusions 


Diagnosis Comment 

Atelectasis Small effusion caused by increased intrapleural negative 
pressure; common in patients in the intensive care unit 

Constrictive pericarditis Bilateral effusions with normal heart size; 95% with jugular 
venous distention 

Duropleural fistula Cerebrospinal fluid in pleural space; caused by trauma and 
surgery 

Extravascular migration of With saline or dextrose infusion 

central venous catheter 

Glycinothorax High pleural fluid to serum glycine ratio following bladder 
irrigation with rupture 

Heart failure Most common cause of transudates; diuresis can increase pleural 
fluid protein and lactate dehydrogenase, resulting in discordant 
exudate 

Hepatic hydrothorax Occurs in 6% of patients with cirrhosis and clinical ascites; up to 


20% do not have clinical ascites 


Hypoalbuminemia Edema fluid rarely isolated to pleural space; small bilateral 
effusions 


Nephrotic syndrome Typically small and bilateral; unilateral effusion with chest pain 
suggests pulmonary embolism 


Peritoneal dialysis Small bilateral effusions common; rarely large right effusion 
develops within 72 hours of initiating dialysis 


Superior vena cava obstruction Due to acute systemic venous hypertension 


Trapped lung Unexpandable lung; unilateral effusion as a result of imbalance 
in hydrostatic pressures from remote inflammation 


Urinothorax Unilateral effusion caused by ipsilateral obstructive uropathy 


Table 21. Exudative Pleural Effusions with at Least 80% 
Lymphocytes 


Diagnosis Comment 

Acute posttransplant lung rejection New or increased effusion 2 to 6 weeks after 
transplantation 

Chylothorax Lymphoma a common cause; a protein-discordant exudate? 

Lymphoma Often 100% of nucleated cells are lymphocytes; diagnostic 
yield on cytology and pleural biopsy high with non- 
Hodgkin lymphoma 

Post-coronary artery bypass graft Occurs more than 2 months after surgery; not associated 

surgery with trapped lung 

Rheumatoid pleurisy (chronic) May be associated with unexpandable lung 

Sarcoidosis May be protein-discordant* 

Tuberculosis Most common cause of lymphocyte-predominant exudate 
world-wide; typically 90% to 95% lymphocytes 

Fungal infections, mainly Uncommon presentations 

histoplasmosis; less commonly 

cryptococcosis 

Yellow nail syndrome Typically a protein-discordant exudate"; occurs in 36% of 


patients during course of disease 


“Protein-discordant exudates: an exudate by pleural fluid protein to serum protein ratio only. 


Table 22. Exudative Pleural Effusions with Greater Than 
10% Eosinophils 


Disease Comment 


Benign asbestos pleural 30% incidence of pleural fluid eosinophilia; up to 50% 
effusion eosinophils/total nucleated cells 


Carcinoma Prevalence of pleural fluid eosinophilia similar in malignant and 


Churg-Strauss syndrome 


Drug-induced 
Fungal disease 
Hemothorax 
Lymphoma 
Parasitic disease 
Pneumothorax 


Pulmonary embolism 


nonmalignant effusions 

High pleural fluid eosinophilia; associated with peripheral blood 
eosinophilia 

Dantrolene, bromocriptine, nitrofurantoin, valproic acid 

Most commonly coccidioidomycosis 

Pleural fluid eosinophilia develops 1 to 2 weeks after hemothorax 
Hodgkin lymphoma 

Paragonimiasis, hydatid disease, amebiasis, ascariasis 


Effusion in 10% to 20% of patients; tissue eosinophilia and pleural 
fluid eosinophilia occur within hours 


Associated with pulmonary infarction and hemorrhagic effusion 


Sarcoidosis Rare 
Tuberculosis Rare 
PreviousNext 
Management 


Most pleural effusions resolve with treatment of the underlying disease. The only effusions that 
usually require invasive treatment of the pleural space are complicated parapneumonic effusions, 
empyema, and malignancy. 
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Parapneumonic Effusions 


If the parapneumonic effusion persists untreated for 1 to 2 weeks, loculations may develop that 
usually require drainage of the pleural space with a small-bore catheter. In pleural effusions 
associated with pneumonia, the presence of loculated pleural fluid, pleural fluid pH less than 
7.20, pleural fluid glucose less than 60 mg/dL (3.33 mmol/L), positive pleural fluid Gram stain 
or culture, or the presence of gross pus in the pleural space predicts a poor response to antibiotics 
alone; such pleural effusions are treated with drainage of the fluid through a catheter or chest 
tube. Thoracic empyema (pus in the pleural space) develops when antibiotics are not given and 
the pleural space is not drained in a timely manner. In this case, video-assisted thorascopic 
surgery (VATS) is indicated to break down loculations and drain pus from the pleural cavity. 


Early antibiotics directed at the pneumonia and timely small-bore chest tube drainage (with or 
without fibrinolytic agents) for complicated parapneumonic effusions (defined as a pleural fluid 
PH less than 7.30, glucose less than 60 mg/dL [3.33 mmol/L], LDH greater than 1000 U/L, fluid 
loculation, or positive Gram stain or culture) typically can preclude the need for VATS or 
thoracotomy. 
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Malignant Pleural Effusions 


Patients with recurrent, symptomatic malignant pleural effusions not responsive to chemotherapy 
require drainage for relief of dyspnea. Drainage can be accomplished either by placing an 
indwelling catheter as an outpatient or performing pleurodesis (typically an inpatient procedure) 
using a chemical agent, such as large-particle talc, as a slurry through a chest tube or by 
poudrage (the surgical application of powder) at VATS. A large, multicenter trial using large- 
particle talc showed the procedure to be safe with no episodes of respiratory failure. 
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Tuberculous Pleural Effusions 


Tuberculous pleural effusions, whether or not treated with antituberculosis drugs, resolve in 4 to 
16 weeks. However, a patient with a tuberculous effusion who does not receive drug therapy has 
a 65% chance of developing pulmonary or extrapulmonary tuberculosis within the next 5 years. 
Therefore, a patient with a positive tuberculin skin test and a lymphocyte-predominant, exudative 
pleural effusion, without an alternative diagnosis, should be treated with the same 6-month 
multidrug regimen used for treatment of pulmonary tuberculosis. There are insufficient data to 
support the use of adjunctive corticosteroids in the treatment of tuberculous effusions. 
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Trapped Lung 


Trapped lung is characterized by visceral pleural restriction from a remote inflammatory process 
that results in transpleural pressure imbalance and a transudative pleural effusion (Figure 7). 
However, the effusion often presents as a protein-discordant exudate that is diagnostically 
problematic. The protein concentration in pleural fluid of vascular origin depends on the protein 
reflection coefficient, solvent filtration into the pleural space, and the bulk flow of fluid by way 
of the pleural lymphatic vessels. In trapped lung, solvent filtration may not be increased and 
lymphatic bulk flow may be impaired, resulting in an increased total protein concentration. 
Therefore, finding a pleural effusion with protein in the exudative range makes the diagnosis of 
trapped lung likely. If the patient has no significant symptoms from a small trapped lung, 
observation is appropriate. However, with significant visceral pleural restriction and a large 
pleural effusion, decortication should be recommended if the underlying lung on CT scan is 
relatively normal. 


Figure 7. Trapped lung. 


Note a small left-sided pneumothorax with an air-fluid level with evidence of visceral pleural 
thickening. 
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Pneumothorax 


Pneumothorax consists of air within the pleural space. Primary spontaneous pneumothorax 
occurs without a precipitating event in patients with no known lung disease. Risk factors include 
cigarette smoking, family history, Marfan syndrome, homocysteinuria, and thoracic 
endometriosis. Subpleural blebs and bullae are commonly detected by CT scan and predispose to 
primary pneumothorax. There is no relationship to physical activity. In smokers, recurrence 
exceeds 50% unless the patient stops smoking. Secondary pneumothorax is associated with overt 
lung disease, most commonly chronic obstructive pulmonary disease (Table 23). Underlying 
lymphangioleiomyomatosis and thoracic endometriosis should be considered in a young, 
nonsmoking woman with pneumothorax. Chest CT scan may confirm the diagnosis of 
lymphangioleiomyomatosis. Iatrogenic pneumothorax is common and may complicate 
transthoracic needle aspiration, central intravascular line placement, thoracentesis, pleural 
biopsy, or mechanical ventilation. Tension pneumothorax (Table 24) requires immediate 
treatment. 


Treatment of spontaneous pneumothorax depends on its size and whether underlying lung 
disease is present. An approach to management stratifies small (less than 2 cm) and large (2 cm 
or more) pneumothoraces between the lung and chest wall. A 2-cm pneumothorax approximates 
half the volume of the hemithorax. Simple aspiration is less likely to succeed in secondary 
spontaneous pneumothorax and is only recommended as an initial treatment of pneumothoraces 
less than 2 cm in minimally breathless patients younger than 50 years. Patients with primary 
spontaneous pneumothoraces that resolve with aspiration may be discharged, but hospitalization 
is recommended for patients with secondary spontaneous pneumothoraces. Small chest tubes are 
as effective as large ones, and small tubes should initially be used. Suction is not initially 
indicated because of the risk of re-expansion pulmonary edema and can be added after 48 hours 
if the pneumothorax persists. Initial tube thoracostomy, preferably with a small-bore catheter, is 
appropriate for secondary pneumothoraces more than 2 cm, particularly in patients older than 50 
years. Patients with either primary or secondary pneumothorax treated with tube thoracostomy 
should, after re-expansion, undergo induction of pleurodesis, preferably by intrapleural talc 
administration. VATS induces effective pleurodesis and should be considered for refractory or 
recurrent pneumothoraces or to minimize the risk of recurrence for patients with special 
occupations, such as airline pilots. Pleurodesis via tube thoracostomy reduces the risk of 
recurrence to about 25%, whereas thoracoscopy reduces the risk to about 5%. 


Table 23. Causes of Secondary Pneumothorax 


Airways disease, including chronic obstructive pulmonary disease (the most common cause) and 
status asthmaticus 


Interstitial lung diseases, including Langerhans cell histiocytosis, lymphangioleiomyomatosis, 
sarcoidosis, and idiopathic pulmonary fibrosis 


Necrotizing pneumonia and Pneumocystis jirovecii pneumonia 


Connective tissue diseases with pulmonary involvement, lung cancer, and thoracic endometriosis 
(catamenial pneumothorax) 


Cystic fibrosis 


Adapted from Sahn SA, Heffner JE. Spontaneous pneumothorax. N Engl J Med. 
2000;342(12):868-874. [PMID: 10727592] Copyright 2000, Massachusetts Medical Society. All 
rights reserved. 


Table 24. Treatment of Pheumothorax 


Primary Spontaneous Pneumothorax 


If the pneumothorax has a more than 2-cm rim of air between the lung margin and chest wall or 
if dyspnea is present, aspiration followed by repeat aspiration as needed should be done initially. 
Mildly symptomatic, small (less than 2-cm) primary spontaneous pneumothoraces may be 
observed. 

If simple aspiration is unsuccessful, small-bore intercostal catheter drainage should be used." 


If intercostal tube drainage is unsuccessful after 48 hours, refer to a chest physician with referral 


to a chest surgeon if unsuccessful by 3 to 5 days. 
Secondary Spontaneous Pneumothorax 


Aspiration can initially be done in a patient without dyspnea with a more than 2-cm rim of air on 
chest radiograph. 


Intercostal tube drainage should be tried next and managed as above. Referral to a chest 
physician should occur by 48 hours, with early referral to a chest surgeon for consultation by 3 to 
5 days in case of persistent air leak or failure of the lung to re-expand. 


Tension Pneumothorax” 
Administer high concentrations of oxygen. 


Relieve excessive intrapleural pressure by insertion of a cannula into the pleural space in the 
second intercostal space, midclavicular line, and remove air until the patient is clinically 
stabilized. 


Immediately place a chest tube into the pleural space. 


“The chest tube can be removed 24 hours after full lung expansion and cessation of the air leak 
through an unclamped tube. 


Tension pneumothorax occurs when intrapleural pressure exceeds atmospheric pressure 
throughout the respiratory cycle and may occur with a pneumothorax of any size. It is associated 
with rapid onset of respiratory distress and cardiovascular compromise and requires rapid 
intervention. 
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Pulmonary Vascular Disease 


Acute Pulmonary Thromboembolism 
Pulmonary Hypertension 


Key Points 


The risk factors for venous thromboembolism consist of disorders associated with three 
basic pathogenetic conditions: venous stasis, vascular (endothelial) damage, and 
hypercoagulability. 

In clinically stable patients with a low clinical likelihood of venous thromboembolism, a 
normal serum D-dimer can exclude pulmonary embolism; in patients with a higher 
clinical likelihood of venous thromboembolism or clinical instability, D-dimer results 
cannot confirm or exclude the diagnosis. 

Heparin, low-molecular-weight heparin, and fondaparinux are safe and effective for 
treatment of stable venous thromboembolism when given subcutaneously in a weight- 
adjusted dose without adjustment by laboratory monitoring. 

Thrombolytic therapy should probably be limited to unstable patients with pulmonary 
embolism who have persistent shock and patients requiring ongoing norepinephrine 
therapy unless the patient is at high risk for bleeding. 

Patients who have had a pulmonary embolism and have unresolved risk factors for 
thromboembolism are at high risk of recurrence and may require prolonged (possibly 
lifelong) anticoagulation. 

In up to 2% of patients who have had a pulmonary embolism, the thromboemboli within 
the pulmonary arteries become remodeled into large occlusive scars, causing chronic 
thromboembolic pulmonary hypertension. 

Pulmonary angiography can diagnose chronic thromboembolic pulmonary hypertension 
and determine whether the large-vessel obstruction is amenable to surgical 
endarterectomy. 

Pulmonary arterial hypertension is characterized by the presence of vasoconstriction of 
the small pulmonary arteries, proliferation of cellular elements within the arterial wall, 
and eventual obliteration of the vascular lumen. 

Pulmonary arterial hypertension should be distinguished from secondary forms of 
pulmonary hypertension, in which the elevated pulmonary vascular resistance is a result 
of parenchymal damage, chronic or nocturnal hypoxia, or pulmonary venous disease. 
The prostacyclin analogues epoprostenol, treprostinil, and iloprost may provide 
immediate symptomatic improvement in patients with severe pulmonary arterial 


hypertension; the endothelin receptor antagonists bosentan and ambrisentan may reverse 
some of the hemodynamic effects of moderate pulmonary arterial hypertension. 

e Sildenafil can improve exercise performance, symptoms, and hemodynamics in patients 
with mild pulmonary arterial hypertension. 
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Acute Pulmonary Thromboembolism 


Venous thromboembolism (VTE) includes both deep venous thrombosis (DVT) and pulmonary 
embolism (PE). The pathophysiology of PE includes the formation of a DVT, embolization 
through the right heart chambers, and the effects of the thrombotic material within the pulmonary 
arteries. The obstruction of blood flow through the pulmonary arteries has several physiologic 
consequences, including ventilation/perfusion mismatching and ischemia of the lung 
parenchyma. The most important clinical effects, however, are the acute obstruction of blood 
flow and increase in pulmonary vascular resistance, which increase the demand on the right 
ventricle and may lower cardiac output. These effects can cause right ventricular strain, 
cardiogenic shock, cardiac arrest, and death. 


PE is the third most common cardiovascular disease, after ischemic heart disease and stroke. The 
age-adjusted rate of death in the United States with a diagnosis of PE is about 1:10,000 per year. 
Autopsy studies show that fatal PE is frequently undiagnosed ante mortem, and therefore the true 
incidence may be three to ten times the number diagnosed clinically. The disorder is common in 
the general population, accounting for as many as 10% of unsuccessful prehospital resuscitation 
attempts. It is especially common in hospitalized patients and may constitute the greatest 
mortality risk to some inpatient populations. 
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Risk Factors 


The risk factors for PE and DVT can be categorized according to the triad of pathogenic 
conditions first identified by Rudolf Virchow in 1860: venous stasis, vascular (endothelial) 
damage, and hypercoagulability (Figure 8). Most clinical situations associated with those 
conditions can be identified by a careful history and physical examination. 


Hypercoagulability may be associated with clinical conditions (for example, cancer or trauma) or 
with medications (for example, estrogen in doses used for birth control or even those used for 
hormone replacement therapy). Other hypercoagulable states may only be confirmed by 
laboratory testing. For example, thrombi can be induced by circulating procoagulant substances 
(the lupus anticoagulant or mediators released by adenocarcinoma of the lung, breast, and 
viscera) or from genetic deficiencies in such anticoagulant enzymes as protein C, its cofactor 
protein S, and antithrombin III. These conditions usually require high-dose anticoagulation. 


There are, however, some genetic variants that have relatively weak prothrombotic influences, 
such as mutations of factor V Leiden and prothrombin 20210A, which, at least in their 
heterozygous forms, only mildly increase the risk for thrombosis in the absence of other 
conditions. Similarly, elevated levels of factor VIII and even non-O blood groups have been 
associated with the occurrence of VTE, although the absolute increase in risk for persons in the 
general population with these findings is very low. 


Venous Stasis Hypercoagulability 


- Bed rest sa ái 
- Immobility - Tamoxifen 
- Surgery > 30 min Äauked 
-CHF cquired : 
i - Lupus “anticoagulant”, 
- Previous DVT l - Cancer associated mediators 
- Venous obstruction Genetic deficiencies 
- Morbid obesity - Protein C 


- Protein S 
- Antithrombin III 


Genetic variants - weakly prothrombotic 
- Factor V Leiden 
-Prothrombin 20210A 


Endothelial damage 

- Previous DVT 

- Leg trauma 

- Hip or knee replacement 


Figure 8. Risk factors for pulmonary thromboembolism: 
Virchow triad. 


CHF = heart failure; DVT = deep venous thrombosis. 
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Primary Prevention 


A relatively risk-free method to prevent DVT in immobilized patients is to reduce venous stasis 
by mechanical compression of the calves. Elastic stockings are useful if they are tailored to 
provide a gradient of pressures. Intermittent pneumatic compression devices are effective for this 
purpose by inflating a cuff placed around the lower extremities for several seconds of each 
minute. Both methods are safe, effective, and well tolerated. They should be applied promptly 
and maintained during the risk period. This approach has particular value in patients for whom 
antithrombotic drugs are contraindicated. 


Significant clinical data have shown the safety and efficacy of pharmacologic prophylaxis with 
heparin, low-molecular-weight heparins (LMWHs), or fondaparinux, given subcutaneously 


(Table 25). These medications reduce the incidence of DVT and PE by inhibiting clotting early 
in the coagulation cascade. Substantial experience has indicated a low bleeding risk associated 
with these regimens, even in surgical patients. Warfarin, adjusted to an INR of 2.0 to 3.0, is an 
alternative method of prophylaxis in high-risk patients but is less commonly used. 


Table 25. Prophylaxis for Deep Venous Thrombosis and 
Pulmonary Embolism 


Drug Dosage Frequency 

Heparin (unfractionated) 5000 units Every 8 or 12 hours 
7500 units 

Dalteparin 5000 units Every 24 hours 
Enoxaparin 40 mg Every 24 hours 
Fondaparinux 2.5 mg Every 24 hours 
Warfarin Adjusted to INR 2.0-3.0 Every 24 hours 
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Diagnosis and Evaluation 


Clinical Presentation 
Measurement of D-Dimer 


Noninvasive Chest Imaging 
Pulmonary Angiography 
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Clinical Presentation 


Although patients with PE may present with the classic symptoms of dyspnea, chest pain, 
hemoptysis, or syncope, the presentation is often more subtle. At times, only nonspecific 
respiratory or hemodynamic manifestations may occur. Perhaps for this reason, most patients 
who die of PE have not had a diagnostic evaluation for PE despite the presence of at least one 
documented symptom or sign of the disorder (Table 26). Although a classic pattern of gas 
exchange disturbance has been described (hypoxemia with increased alveolar—arterial oxygen 
gradient, respiratory alkalosis), the pattern is not universal and cannot be used to diagnose or 
exclude PE. The clinical pretest probability of PE can be estimated based on the initial 
assessment before further diagnostic imaging. Clinical rules have been developed and verified to 
help establish the diagnosis of DVT or PE; the best-known predictive model is the Wells criteria 
(Table 27). 


Table 26. Symptoms and Signs of Pulmonary Embolism 


Finding Sensitivity (%) Specificity (%) 
Dyspnea 73-84 28-51 
Pleuritic chest pain 44-66 41-70 
Cough 11-37 64-85 
Leg swelling and pain 17-28 76-91 
Hemoptysis 9-13 92-95 
Wheezing 9 89 
Tachypnea (respiration rate >20/min) 70 32 
Tachycardia (heart rate >100/min) 24-30 77 
Crackles 18-51 60-74 
Fever (temperature >38.5 °C [101.3 °F]) 7 79-88 
Lower extremity edema 11 89-92 
Cyanosis 1-16 85-98 
S4 24 86 
Loud P2 23 87 


Table 27. The Simplified Wells Scoring System for 
Pulmonary Embolism 


Findings 
Clinical signs/symptoms of deep venous thrombosis (minimum of leg swelling and pain 
with palpation of the deep veins of the leg) 
No alternative diagnosis likely or more likely than pulmonary emboli 
Heart rate >100/min 
Immobilization or surgery in the past 4 weeks 
Previous history of deep venous thrombosis or pulmonary emboli 
Hemoptysis 
Cancer actively treated within the last 6 months 


“Summed probability scores are as follows: low, <2; moderate, 2-6; high, >6. 


Score? 
3.0 


3.0 
1.5 
1.5 
1.5 
1.0 
1.0 


Adapted with permission from Chunilal SD, Eikelboom JW, Attia J, et al. Does this patient have 
pulmonary embolism? JAMA. 2003;290(21):2849-2858. [PMID: 14657070] Copyright 2004, 


American Medical Association. All rights reserved. 
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Measurement of D-Dimer 


D-dimers, which are fragments of cross-linked fibrin (already formed into a mesh by action of 
factor XIII), are degraded from clot matrix by plasmin and released from thrombi soon after 
formation. Each fragment has two D units and one E unit in a linkage that cannot be further 
broken down by plasmin. The plasma concentration of D-dimers is usually elevated in patients 
with DVT or PE. The levels of D-dimer reflect the rate of fibrinolytic activity on preexisting 
thrombi but not necessarily the rate of thrombus formation. Although D-dimer levels are more 
specific than fibrin degradation products, D-dimer levels can still be elevated in various 
inflammatory conditions and other diseases; therefore, they are not specific enough to confirm 
the presence of VTE. However, highly precise D-dimer assays (such as those based on 
immunoassays) are sensitive for thrombosis and can be useful clinically to rule out VTE in some 
situations. In clinically stable patients (for example, outpatients without hemodynamic 
compromise) with a low clinical likelihood of VTE, a normal D-dimer value is correlated with an 
excellent outcome without further workup or treatment for PE. Whether these findings reflect the 
absence or the tolerance of thromboembolic disease in this stable population is unknown. 
However, in patients with a higher clinical likelihood of VTE or clinical instability, D-dimer 
results should not be used to confirm or exclude the diagnosis. 
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Noninvasive Chest Imaging 


PE is commonly diagnosed with either contrast-enhanced chest CT scan with specific protocols 
to detect PE (CT angiography) or with a ventilation/perfusion (V/Q) scintigraphic scan. Either 
test can confirm the diagnosis of PE, but the CT scan is becoming more widely used. CT 
findings of filling defects within the segmental or larger pulmonary arteries are specific for PE. 
Likewise, V/Q scans that show two or more large subsegmental or larger perfusion defects that 
are not matched by corresponding ventilation defects on a chest radiograph (high probability 
findings) are highly specific for PE (although this finding can rarely be mimicked by other 
unusual defects of the pulmonary arteries). A V/Q scan showing normal perfusion reliably rules 
out PE. Neither minimally abnormal V/Q scans nor normal CT scans can reliably detect smaller 
defects when compared with conventional pulmonary angiography. However, follow-up studies 
have shown that it is safe to withhold treatment and further PE workup in clinically stable 
patients in whom DVT has been ruled out by either method. It is not known whether the good 
outcome observed in these otherwise stable patients reflects the absence or the tolerance of small 
emboli. In patients who are unstable or in whom there is a high clinical suspicion for PE, clinical 
judgment should be used to determine the necessity of pursuing the diagnosis further. 


Contrast-enhanced helical CT scanning requires the infusion of radiocontrast media of the same 
type and dose as used for pulmonary angiography; the most common serious complications of 
both procedures (radiocontrast medium—induced nephropathy and allergic reactions) are caused 
by the use of intravenous radiocontrast agents. In addition, for the CT scan to be optimally 
accurate, the peripherally infused radiocontrast medium must fill the lumen of the pulmonary 


arteries as the chest is being imaged, which allows the emboli to be visualized as an intra-arterial 
defect. Certain areas, such as the hila, are prone to false-positive results, and diagnosing emboli 
in these areas should be done with special care. CT scans are inaccurate in imaging emboli in 
subsegmental pulmonary arteries, the very situation in which V/Q scans are also the most 
limited. Advanced helical CT scanning techniques, such as multihead CT detectors, increase 
sensitivity but also may entail significant doses of radiation. 


As an initial test for PE, either contrast-enhanced CT scanning or V/Q scanning is appropriate. 
Either one can be used reliably to diagnose large PE. However, only a totally normal perfusion 
scan virtually excludes PE (the only exception is a nonoccluding central saddle embolism that 
allows reduced but substantially equal flow to all the distal areas of both lungs). CT scans that do 
not disclose intraluminal filling defects or V/Q scans with matched or small defects should be 
considered nondiagnostic, and the decision about whether to pursue further workup should be 
based on a consideration of the individual test results, in combination with the clinical 
assessment and additional diagnostic information. Because a V/Q scan detects alterations in 
pulmonary blood flow rather than providing a direct image of a clot, there are many more 
indeterminate studies because many cardiopulmonary diseases affect pulmonary blood flow. 
However, V/Q scans have several favorable characteristics. There is no radiocontrast agent load; 
therefore, renal failure and low perfusion states are not a contraindication. Also, V/Q scans are 
less affected by obesity than contrast-enhanced CT. 


PreviousNext 
Pulmonary Angiography 


In high-risk patients in whom there is a very high clinical suspicion for PE, negative CT scan 
results or low- or indeterminate-probability V/Q scans may not provide sufficient data to allow 
therapy to be withheld. Even segmental or smaller defects that may be missed on scanning have 
been associated with a significant PE mortality rate in patients with poor cardiopulmonary 
reserve. Therefore, if the clinical suspicion for PE remains strong or the patient is unstable, a 
negative CT scan and nondiagnostic V/Q scan should be followed up with pulmonary 
angiography. 


Pulmonary angiography is a sensitive and safe method for diagnosing PE. However, it is 
uncomfortable for the patient, is expensive, requires highly skilled personnel, and exposes the 
patient to radiocontrast media. However, it is a valuable test for PE when clinical circumstances 
require a high degree of accuracy. As contrast-enhanced CT improves and its resolution 
approaches that of pulmonary angiography, it is likely that fewer angiographic studies will be 
done for diagnosis of PE. In addition, if the contrast-enhanced CT is done as the first diagnostic 
study, the decision to follow the CT scan with pulmonary angiography rapidly exposes the 
patient to a second load of radiocontrast media. 
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Treatment 


e Treatment of the Hemodynamically Stable Patient with Pulmonary Embolism 
e Treatment of Unstable Pulmonary Embolism 
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Treatment of the Hemodynamically Stable Patient with 
Pulmonary Embolism 


If the hemodynamic and gas-exchange effects of PE are not severe, it can be treated with the 
same regimens used for proximal vein DVT; unfractionated heparin, LMWH, and fondaparinux 
are all safe and effective (Table 28). 


All of these drugs, including heparin, are effective and safe for VTE treatment when given 
subcutaneously in a weight-adjusted dose without adjustment by laboratory monitoring. 
However, unfractionated heparin is commonly administered by a continuous intravenous 
infusion, which generally requires hospitalization and dose adjustment based on activated partial 
thromboplastin time values. Therefore, intravenous heparin therapy is more complicated and 
costly than subcutaneous treatment with heparin, LMWH, or fondaparinux. LMWH and 
fondaparinux are metabolized in the kidney, and if they are used in patients with renal 
impairment, therapy must be monitored and dosage adjusted by measuring plasma anti-Xa levels, 
thereby increasing the cost of therapy. 


Warfarin does not provide sufficient acute antithrombotic effects to be useful in the immediate 
treatment of acute DVT or PE, but is useful in maintenance therapy. Direct thrombin inhibitors, 
such as lepirudin and argatroban, have been used to treat DVT and PE, but because of their 
uncertain safety and efficacy, they are generally used only in patients with heparin-induced 
thrombocytopenia and thrombosis or other contraindications to the use of heparin and LMWH. 


Table 28. Treatment of Acute Deep Venous Thrombosis and 
Pulmonary Embolism 


Drug Dose Route Frequency 
Heparin (unfractionated) 80 units/kg bolus, Intravenous Continuous 
then 18 units/kg/hour 
Heparin (unfractionated) 250 units/kg Subcutaneous Every 12 hours 
Dalteparin 200 units/kg Subcutaneous Every 24 hours 
Enoxaparin 1.0 mg/kg Subcutaneous Every 12 hours 
or 1.5 mg/kg Subcutaneous Every 24 hours 


Tinzaparin 175 units/kg Subcutaneous Every 24 hours 


Fondaparinux 5.0 mg (BW <50 kg [110 Ib]) Subcutaneous Every 24 hours 
7.5 mg (BW 50-100 kg [110-220 Ib]) 
10.0 mg (BW >100 kg [220 Ib]) 


BW = patient body weight. 
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Treatment of Unstable Pulmonary Embolism 


Hemodynamic instability from PE is a result of the acutely elevated pulmonary arterial 
resistance, which may lead to right ventricular strain, ischemia, and catastrophic cardiac 
dysfunction. The high mortality rate in these patients justifies a more intensive approach to 
anticoagulation. However, because unstable PE is generally a rapidly developing event that does 
not lend itself to randomized clinical trials, treatment recommendations for unstable PE are based 
on expert judgment and extrapolation from other clinical situations. 


The initial heparin dosage for unstable PE is controversial. Some clinicians prefer high-dose 
heparin infusions during the first 24 hours after a massive embolic event because of the 
accelerated generation of thrombin platelet factor IV, which opposes the antithrombin effect of 
unfractionated heparin and LMWH. However, no clinical studies have compared standard-dose 
to higher-dose unfractionated heparin or to LMWH in unstable patients with PE. 


Cardiopulmonary support may be indicated in patients with PE, including administration of 
oxygen in those with arterial hypoxemia. Careful fluid loading may increase right atrial and right 
ventricular end-diastolic pressure and improve function. However, overloading the right ventricle 
may decrease right coronary perfusion pressure, thereby worsening right ventricular function. 
Systemic vasoconstrictive agents, such as norepinephrine, may raise the mean arterial pressure (a 
determinant of right coronary flow) during PE-associated shock. 


Most deaths from PE are sudden deaths, and, therefore, the prognosis is generally good if the 
diagnosis is made and treatment is started. However, many patients die of PE in the first 2 weeks 
after presentation. During this time, almost 5% of DVTs re-embolize, even when treated. Stable 
patients usually tolerate these incidental emboli, but hemodynamically compromised patients 
may not. In patients with unstable PE, insertion of an inferior vena cava filter decreases the 
short-term re-embolization rate by nearly 80%. Although some filters may increase the long-term 
risk of symptomatic DVT recurrence, they may be lifesaving during unstable PE. Newer filters 
are removable and may offer the same short-term protection with fewer long-term complications. 


The role of thrombolytic therapy in PE is unclear. There are no clinical trials comparing 
thrombolytic agents with other forms of therapy for massive PE, and, therefore, management 
decisions must be made by inference from studies in stable patients. The Urokinase in 
Pulmonary Embolism Trial reported a short-term improvement in cardiac output and pulmonary 
pressure with thrombolytic therapy but no improvement in morbidity or mortality, as well as 
increased bleeding. Furthermore, after 1 week, the perfusion recovery and hemodynamics in the 


patients given heparin without thrombolytic therapy were identical to those of the patients given 
thrombolytic therapy. 


Although rapid (but not necessarily more complete) clot resolution may not affect the outcome of 
stable patients with PE, those with hemodynamically unstable PE might benefit from rapid relief 
of right ventricular strain. The mortality rate from PE increases greatly in patients who develop 
hypotension and shock and require cardiopulmonary resuscitation; the acute beneficial 
hemodynamic benefits of thrombolytic therapy may have a much greater benefit for these 
patients. In general, patients with persistent shock and those requiring ongoing norepinephrine 
therapy should be considered for treatment with thrombolytic agents unless the patient is at high 
risk for bleeding. 


Whether patients with submassive pulmonary embolism (that is, with evidence of right 
ventricular strain on echocardiography but no hemodynamic instability) benefit from 
thrombolytic therapy in addition to heparin is controversial. Thrombolytic therapy has not been 
shown to improve survival rates or to reduce rates of respiratory failure or shock in those 
patients. In general, thrombolytic therapy is not used for these patients. One approach is to assess 
the legs and to place a removable inferior vena cava filter if residual clot is found, because even 
a small recurrent clot can cause death if there is little reserve. Thrombolytic agents have been 
used for treating combined submassive PE and substantial residual clot, but there is no good 
evidence to support such therapy. 


Thrombolytic therapy is costly and is associated with significant risks. A review of clinical trials 
disclosed a 2.1% rate of intracranial hemorrhage and 1.6% rate of fatal intracranial hemorrhage 
when thrombolytic agents were used for thromboembolic disease. Therefore, thrombolytic 
therapy should likely be reserved for management of patients with persistent hypotension due to 
PE who have no contraindications. However, patient selection is difficult, and these agents 
should be administered only by physicians experienced in their use. 


Acute pulmonary embolectomy is rarely warranted because medical therapy is so successful, 
patient selection is so difficult, and the results of acute embolectomy are so variable. However, if 
experienced surgeons are available, embolectomy can be lifesaving in patients with confirmed 
massive embolism who fail to respond to medical therapy. 


The use of echocardiography in pulmonary embolism is controversial. Although 
echocardiographic findings consistent with right heart strain are associated with worse outcomes, 
there are no clinical data to determine how echocardiographic findings would alter the 
risk/benefit ratios of any of the interventions mentioned above. Some experts recommend 
echocardiography in all patients with PE to help identify those in whom additional interventions 
may become necessary. Others recommend that additional interventions be limited to those with 
more clinical evidence of cardiopulmonary deterioration. Therefore, the decision to perform 
echocardiography and the use of the results in management decisions must be based on 
individualized clinical judgment. 
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Prognosis and Follow-up 


During the first 5 or so days of therapy for PE, heparin, LMWH, or fondaparinux is necessary 
because these drugs prevent propagation of thromboemboli; warfarin is used to prevent 
recurrence. Warfarin is initiated simultaneously with heparin, and both therapies are overlapped 
for a minimum of 4 to 5 days and until the INR has reached the therapeutic range for two 
measurements taken 24 hours apart. 


The duration of long-term therapy should be tailored to the clinical situation. In most patients 
with acute PE, much of their perfusion defects and right ventricular dysfunction resolves after a 
few weeks of anticoagulant therapy. However, therapy should usually be continued for at least 3 
months; substantially shorter regimens increase the recurrence rate. There is some evidence to 
suggest that patients who had DVT or PE postoperatively may do just as well with 4 weeks of 
therapy, but that finding has not been proved directly in clinical trials. The duration of follow-up 
anticoagulation necessary for patients with transient risk factors is controversial, but 
anticoagulation should probably continue at least until the causative risk factors have resolved. 


Patients with unresolved risk factors for thromboembolism and who are therefore at high risk of 
recurrence may require prolonged (possibly lifelong) anticoagulation. Persistent risk factors may 
reflect such chronic conditions as immobility, heart failure, persistent venous obstruction, or 
even an unrecognized hypercoagulable state. Perhaps for this reason, patients with “unprovoked” 
VTE have high rates of recurrence and may require longer-term anticoagulation. Some studies 
suggest that patients with unprovoked PE who have elevated serum D-dimer levels several 
weeks after anticoagulation has been stopped (whatever the duration of therapy) have a higher 
risk of recurrence. Those patients may benefit from prolonged anticoagulation. 
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Pulmonary Hypertension 


Pulmonary hypertension comprises a broad range of disorders in which the resistance to blood 
flow through the pulmonary vasculature increases. The increased pulmonary vascular resistance 
causes a rise in pulmonary arterial pressures, but the more important pathophysiologic effect is 
hemodynamic deterioration due to right ventricular overload. At first, mild increases in 
pulmonary vascular resistance may be asymptomatic or cause only mild dyspnea on exertion. As 
the disease progresses, resistance increases further, and the right ventricle cannot maintain 
normal flow through the pulmonary arteries. Exercise tolerance decreases and may be 
accompanied by hemodynamic symptoms such as dizziness during exercise. In patients with 
advanced disease, the right ventricle is in a state of constant overload and dysfunction. Affected 
patients are dyspneic at rest and may have syncopal episodes during exercise or with peripheral 
vasodilation as cardiac output becomes unstable. 


Pulmonary hypertension is categorized by possible causes, including their associated conditions 
(Table 29 and Table 30). This method of categorization may also help determine the prognosis 
and appropriate therapies. 


The diagnostic approach often begins with determining whether the obstruction occurs within 
specific macroscopic pulmonary arteries (for example, chronic thromboembolic pulmonary 
hypertension), diffusely within smaller branches of the pulmonary artery (for example, idiopathic 
pulmonary arterial hypertension [PAH]), or as a result of pulmonary venous congestion (for 
example, left ventricular failure). In addition, patients with extensive parenchymal lung disease 
often have pulmonary hypertension in the advanced stages of their disease as the capillary bed is 
obliterated, dissolved, or aggravated by hypoxic vasoconstriction of remaining vessels. 


Table 29. Classification of Pulmonary Arterial Hypertension 


Idiopathic pulmonary arterial hypertension 

Familial pulmonary arterial hypertension 

Pulmonary arterial hypertension associated with: 

Collagen vascular disease 

Congenital systemic-to-pulmonary shunts (large, small, repaired, unrepaired) 
Portal hypertension 

HIV infection 

Drugs and toxins 


Other (glycogen storage disease, Gaucher disease, hereditary hemorrhagic telangiectasia, 
hemoglobinopathies, myeloproliferative disorders, splenectomy) 


Associated with significant venous or capillary involvement: 
Pulmonary veno-occlusive disease 
Pulmonary capillary hemangiomatosis 


Table 30. Classification of Pulmonary Hypertension from 
Other Causes 


Pulmonary Venous Hypertension 

Left-sided atrial or ventricular heart disease 
Left-sided valvular heart disease 

Pulmonary Hypertension Associated with Other Lung Disease or Hypoxia 
Chronic obstructive pulmonary disease 
Interstitial lung disease 
Sleep-disordered breathing 
Alveolar hypoventilation disorders 
Chronic exposure to high altitude 


Pulmonary Hypertension Due to Thrombotic and/or Embolic Disease 
Thromboembolic obstruction of proximal pulmonary arteries 
Thromboembolic obstruction of distal pulmonary arteries 
Pulmonary embolism (tumor, parasites, foreign material) 

Miscellaneous 

Sarcoidosis, pulmonary Langerhans cell histiocytosis, lymphangioleilomyomatosis, compression 
of pulmonary vessels (lymphadenopathy, tumor, fibrosing mediastinitis) 
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Chronic Thromboembolic Pulmonary Hypertension 


After an acute PE, many patients continue to have some persistent, but clinically unimportant, 
perfusion defects. In about 1% to 2% of patients, however, the thromboemboli within the 
pulmonary arteries become remodeled into large occlusive scars, causing chronic 
thromboembolic pulmonary hypertension (CTEPH). The vessel wall becomes massively 
thickened and the lumen progressively narrowed or obliterated. 


Occlusion of the proximal pulmonary vascular bed may cause elevation of the pulmonary 
vascular resistance, cor pulmonale, and right ventricular dysfunction. Untreated, the disorder 
may be progressive and fatal. 


The reason why some patients with PE develop CTEPH is unclear. Most patients who develop 
CTEPH were previously diagnosed with acute PE or DVT, but their initial presentations appear, 
in retrospect, indistinguishable from those of patients whose acute clots resolve. 


No modality of treatment of the initial acute PE has been shown to protect against CTEPH. 
However, posttreatment V/Q scans may detect patients prone to develop chronic disease, 
especially if performed in patients whose cardiopulmonary function does not return to normal. In 
patients with abnormal scans, echocardiography can clarify the condition of the right ventricle 
and, by inference, of the pulmonary vasculature. 
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Diagnosis and Treatment 


Patients with CTEPH often present with unexplained progressively worsening dyspnea in the 
absence of (or out of proportion to) airway or pulmonary parenchymal disease. The predisposing 
acute PE may have been asymptomatic or undiagnosed, and therefore only about 50% of patients 
have a history of clinically detected PE. 


A V/Q scan invariably shows perfusion defects, although the size of the defects frequently 
underestimates the extent of disease. This finding can help distinguish CTEPH from small-vessel 
PAH, in which perfusion defects on V/Q scan are minimal. Echocardiography often shows right 


ventricular hypertrophy, a sign of advanced disease. Although measurement of the pulmonary 
artery pressure may be imprecise, some indication of right ventricular dysfunction usually can be 
observed. 


Pulmonary angiography can confirm the diagnosis and determine whether the large-vessel 
obstruction is amenable to surgical endarterectomy. In CTEPH, the embolic material is organized 
into the arterial wall, and angiography shows gradual tapering of the lumen, with webs and 
luminal irregularities being evidence of ineffectual attempts at recanalization. 


The definitive treatment of CTEPH is pulmonary thromboendarterectomy. The procedure is best 
done in specialized centers with extensive experience managing this disease and can result in 
significant improvement in functional status and quality of life. 


PreviousNext 


Pulmonary Arterial Hypertension 


PAH refers to diseases that cause elevated resistance in the small pulmonary arteries or 
arterioles. The mortality rate of untreated PAH is very high, and timely diagnosis is a critical part 
of the management. The classic form of the disease is called idiopathic PAH to distinguish it 
from familial PAH and PAH linked to other disorders. These disorders have in common the 
presence of varying degrees of vasoconstriction of the small pulmonary arteries, proliferation of 
cellular elements within the arterial wall, and eventual obliteration of the vascular lumen. As the 
cross-sectional area of the pulmonary arteries decreases, normal dilation and recruitment of 
vessels during exercise is no longer possible. Pulmonary artery pressure rises during exercise but 
may initially cause few symptoms as the right ventricle enlarges to maintain flow. With further 
obstruction, the right ventricle cannot maintain output during exercise, causing progressive 
dyspnea and dizziness during exertion. In its advanced stages, PAH causes right ventricular 
failure even at rest, manifested as dyspnea, dizziness, and, in severely affected patients, syncope. 
The right ventricle progressively fails, causing severe debilitation and, if untreated, death. 


Familial PAH is transmitted in an autosomal dominant pattern with variable penetrance; many 
patients with familial PAH have a mutation in the bone morphogenic protein receptor 2 gene 
(BMPR2). The sporadic form is far more common, accounting for about 93% of cases. PAH may 
also be associated with HIV infection, connective tissue disease, cirrhosis with portal 
hypertension, congenital systemic-pulmonary-cardiac shunts, and certain drugs (including the 
appetite suppressant fenfluramine, which was withdrawn from the market in 1997). 
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Diagnosis and Evaluation 


PAH should be distinguished from secondary forms of pulmonary hypertension, in which the 
elevated pulmonary vascular resistance is a result of parenchymal damage, chronic or nocturnal 
hypoxia, or pulmonary venous disease. The clinical presentation of idiopathic PAH is similar to 
that of other forms of pulmonary hypertension. The symptoms tend to be nonspecific, including 
progressively worsening dyspnea and dizziness, although these symptoms usually occur in the 
absence of (or out of proportion to) pulmonary disease or left-sided heart disease. Physical 
examination may disclose signs of elevated pulmonary artery pressure and right ventricular strain 
(loud P», fixed split So, tricuspid regurgitation, elevated jugular venous distention). Chest 
radiographs may show enlarged pulmonary arteries, right atrium, and right ventricle. 
Echocardiography in more advanced stages may show ventricular hypertrophy. 
Echocardiography may give reasonable estimates of pulmonary artery pressure and cardiac 
output, although it is not sensitive enough to rule out PAH or quantify its severity. 
Echocardiography is also useful to rule out left-sided heart disease and congenital heart disease. 
The V/Q scan in PAH is either normal or shows a scattered, “moth eaten” perfusion pattern in 
the peripheral lung zones. Additional testing to rule out other causes of pulmonary hypertension 
includes pulmonary function tests, polysomnography (if sleep-disordered breathing is suspected), 
liver chemistry tests, and serologic tests for HIV infection or connective tissue disease. 


It is often recommended that patients be referred to specialized centers for confirmation of the 
diagnosis and for further management. Pulmonary artery catheterization is a key diagnostic test 
that may be combined with pulmonary angiography if the V/Q scan suggests large-vessel 
obstruction. Although pulmonary artery catheterization is invasive, it is safely and routinely 
performed in the evaluation of pulmonary hypertension in order to determine pulmonary artery 
pressure, cardiac output, and right atrial pressure. In addition, it allows an immediate assessment 
of the pulmonary vascular response to vasodilator medications, such as inhaled nitric oxide, 
prostacyclin, or adenosine. 
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Treatment 


The treatment of pulmonary hypertension has improved markedly over the past two decades; 
however, the treatments are complicated and require a significant amount of logistical support. 
Therefore, pulmonary hypertension is often treated in specialized referral centers. 
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Prostacyclin Analogues 


Prostacyclin is a potent vasodilator of the pulmonary arteries, and prostacyclin analogues 
(epoprostenol, treprostinil, and iloprost) may provide immediate symptomatic improvement in 
patients with severe PAH. These agents may have other disease-modifying properties, such as 
improvement of the vascular remodeling processes and enhancement of right atrial and 


ventricular function. Epoprostenol, which is given intravenously, has been shown to improve 
exercise capacity, quality of life, and survival in patients with PAH and is considered first-line 
therapy for patients with severe (New York Heart Association [NYHA] functional class IV) 
idiopathic PAH and severe systemic sclerosis—associated PAH. Treprostinil, which is given 
subcutaneously three or four times daily, and iloprost, which is inhaled six to ten times daily, are 
more convenient for the patient and may be used in less severe forms of the disease. 
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Endothelin-1 Receptor Antagonists 


Endothelin-1 is a potent vasoconstrictor that has been implicated in the development and 
progression of PAH. The endothelin receptor antagonists bosentan and ambrisentan may reverse 
some of the hemodynamic effects of PAH. They are used most commonly in moderate PAH and 
have been shown to improve cardiac index, pulmonary vascular resistance, respiratory comfort, 
functional class, and survival. The most clinical experience has been with bosentan, which has 
shown significant survival advantage when compared with historical survival data. Annually, 
about 10% of patients treated with bosentan develop elevated aminotransferase levels, which are 
sufficient to require cessation of therapy in 3% of patients. Ambrisentan, a newer agent, has a 
much lower rate of aminotransferase elevation, but there is not as much clinical experience with 
this drug in PAH. 
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Sildenafil 


Pulmonary vascular smooth muscle dilatation is mediated by cyclic guanosine 3'-5' 
monophosphate (CGMP), which is induced by nitric oxide and degraded by phosphodiesterases. 
Sildenafil, a phosphodiesterase inhibitor, has been found to be useful in PAH. In patients with 
milder PAH, sildenafil can improve exercise performance, symptoms, and hemodynamics. 
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Anticoagulants 


Anticoagulation is used as an adjunct to therapy in many forms of pulmonary hypertension. 
Pathologic specimens of patients with pulmonary hypertension often disclose in situ thrombosis 
of the pulmonary vascular bed. Although anticoagulation for PAH has not been tested in large 
randomized clinical trials, retrospective data and a prospective trial referencing historical 
controls suggest that anticoagulation is associated with improved survival, especially in patients 
with nonuniform blood flow on perfusion scans. 
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Calcium Channel Blockers 


Although early studies of calcium channel blockers suggested that they may be of benefit in 
many patients with PAH, only about 5% of patients have any long-term response. Because of the 
availability of safer and more effective medications, calcium channel blockade is no longer 
recommended as first-line therapy for patients with PAH. 
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Adjunctive Medical Treatments 


Supplemental oxygen is helpful for patients with PAH who have even mild degrees of 
hypoxemia, reversing the hypoxic vasoconstriction. Diuretics may be helpful in patients with 
right ventricular overload, provided the ventricular overdistention is not reversed too rapidly, 
thus resulting in hypotension. Digoxin is sometimes used in advanced right ventricular failure, 
although it is not as validated in clinical trials and its potential adverse effects require close 
monitoring. 
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Adjunctive Surgical Treatments 


Although medical therapy for PAH is improving, patients with severe advanced disease may 
require lung transplantation. In some patients, right ventricular failure may be so severe that 
atrial septostomy is required to improve hemodynamics until transplantation is possible. 
Although randomized controlled trials have not been performed, one small case series showed 
modest improvement in hemodynamics and clinical performance after percutaneous atrial 
septostomy in selected patients with severe pulmonary hypertension. 


PreviousNext 


Prognosis and Follow-up 


Despite improvements in therapy for PAH, the mortality rate is still high. Management is often 
performed in centers with special expertise in the diagnosis and treatment of PAH. Patients must 
be followed carefully with clinical indicators, such as the maximum distance walked in 6 
minutes, which have correlated with survival in clinical studies. Patients who become severely 
compromised despite medical therapy may require lung transplantation. Factors associated with 


poor prognosis in idiopathic PAH include severe symptoms (advanced NYHA functional class), 
poor exercise tolerance, worsened hemodynamics (elevated mean right atrial pressure and 
pulmonary artery pressure, reduced cardiac index), and the development of a pericardial 
effusion. 
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Pulmonary Neoplastic Disease 


Evaluation of a Pulmonary Nodule 


Screening for Lung Cancer 
Bronchogenic Carcinoma 


Other Pulmonary Neoplasms 


Mediastinal Masses 


Key Points 


No follow-up is indicated for pulmonary nodules that are smaller than 4 mm detected on 
CT scans in patients at low risk for lung cancer. 

Review of previous imaging studies is the first step in the evaluation of a pulmonary 
nodule. 

A pulmonary nodule that does not show enhancement on CT and/or PET scanning is 
likely benign. 

Screening for lung cancer has not been shown to reduce mortality from the disease in at- 
risk patients and is not currently recommended. 

After smoking cessation, the risk of lung cancer decreases for about 15 years and then it 
remains about twice that of a never-smoker. 

The three most important factors in the treatment and prognosis of lung cancer are cell 
type, cancer stage, and performance status of the patient. 

Diagnosis and staging of lung cancer are best done simultaneously. 

PET scanning (or integrated CT-PET) is cost effective for preoperative staging of patients 
with known or suspected non-small cell lung cancer. 

Treatment for stages I or II non-small cell lung cancer should be surgical resection 
whenever possible. 

Endoscopic ultrasound-guided needle aspiration through either the trachea or esophagus 
is an accurate alternative to mediastinoscopy for staging lung cancer. 

Bronchoscopic treatment of lung cancer includes brachytherapy, photodynamic therapy, 
and central airway debulking and stent placement. 

Carcinoid tumors are histologically described as typical and atypical; both have a good 
prognosis if surgically removed. 

Single or multiple pulmonary nodules may represent metastases to the lung, and common 
sources include tumors of the head and neck, kidney, thyroid gland, colon or rectum, and 
breast. 

Determining in which compartment (anterior, middle and posterior) a mass in the 
mediastinum resides is a diagnostic clue to the cause of the mass. 
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Evaluation of a Pulmonary Nodule 


Evaluation of a pulmonary nodule must balance the need to detect and treat a malignancy 
quickly and the desire to avoid invasive procedures for a benign nodule. A solitary pulmonary 
nodule is defined as a nodular opacity that is up to 3 cm in diameter and surrounded by normal 
lung and not associated with lymphadenopathy. Lesions larger than 3 cm are considered lung 
masses. CT screening studies have shown that when a cancer is detected, other smaller benign 
nodules are usually present. When one predominant |-cm or larger nodule and one or more tiny 
nodules are present, the larger nodule should be considered separately. The Fleischner Society 
for Thoracic Imaging and Diagnosis has published recommendations for the need and frequency 


of follow-up for nodules of various sizes (Table 31). No follow-up is recommended for nodules 
that are smaller than 4 mm in never-smokers with no other known risk factors for malignancy 
(history of a first-degree relative with lung cancer or significant radon or asbestos exposure). 


The likelihood that a nodule is malignant depends on such factors as its size and surface 
characteristics and the patient’s age, smoking history, and history of previous malignancy. The 
size of the nodule is perhaps the most important feature. Screening studies have shown that more 
than 98% of nodules smaller that 8 mm and the majority of nodules smaller than 2 cm are 
benign, whereas the majority of nodules larger than 2 to 3 cm are malignant. CT series have also 
shown that 93% to 95% of noncalcified lung masses larger than 3 cm are malignant (excluding 
those with documented size stability). Nodules with smooth borders are usually benign; nodules 
with spiculated borders have a high likelihood of being malignant (Figure 9). A history of 
smoking is the greatest single recognized risk for lung cancer. The risk increases with the 
duration of smoking, number of cigarettes smoked per day, tar content of the cigarettes, and 
onset of smoking at an early age. Only 10% of all lung cancers occur in persons younger than 45 
years and only 1% in patients younger than 35 years. The risk gradually increases at age 50 
years, and the age-specific lung cancer incidence rates for both women and men are highest after 
age 70 years. 


A history of malignancy is another indicator of possible cancer. The lung is a common site of 
metastasis from various tumors, the most common being tumors of the breast, head and neck, 
colon, thyroid gland, and kidney. 


Review of previous chest imaging studies is important in the evaluation of nodules to determine 
whether a nodule is stable, is becoming larger, or is shrinking. In addition to previous chest 
radiographs and chest CT scans, abdominal imaging, which shows the lower aspect of the chest, 
and CT scans done to assess the coronary arteries, which show the lungs, should be reviewed. 


A solid nodule that is stable on chest radiograph or CT scan for 2 years is considered benign. 
Growth of a nodule is a strong indicator that it may be malignant. The nodule doubling time for 
lung cancer varies from 1 month to 1 year, with most cancers doubling in 50 to 100 days. Benign 
nodules such as granulomas or round pneumonias may grow but usually at a slower or faster 
pace than a malignant nodule. Ground-glass nodules may represent low-grade adenocarcinomas 
(bronchioloalveolar cell carcinoma); these tumors may grow slowly or become partly solid, 
changes that may not be evident for several years of follow-up. 


Contrast-enhanced CT scans and positron emission tomography (PET) imaging can help 
determine whether a nodule is malignant. A multicenter study reported that contrast-enhanced 
CT scans had a sensitivity of 98% and a specificity of 73% for detecting malignant neoplasms. 
The test involves administration of conventional, iodinated radiocontrast material at a specific 
rate, with thin-section CT assessments through the nodule at 1-minute intervals. Malignant 
neoplasms enhance significantly more (greater than 15 Hounsfield units) than do inactive 
granulomas and benign neoplasms. The overall negative predictive value is 96%, making 
contrast-enhanced CT perhaps the most appropriate initial test after an indeterminate nodule has 
been detected on chest radiograph; if the CT scan is negative (nonenhancing), it is highly likely 
that the nodule is benign. 


PET and integrated CT-PET are becoming more widely available and also provide additional 
staging information in the setting of malignancy. PET scanning with 18F-fluorodeoxyglucose 
(18-FDG) has a sensitivity of about 95% and a specificity of 85% for identifying a nodule as 
malignant. However, PET scanning has a low sensitivity for small nodules and is usually not 
used for nodules smaller than 1 cm. 


= Press 


Figure 9. Spiculated pulmonary nodule. 


A 71-year-old former smoker had a nodule on a preoperative chest radiograph. CT scan showed 
a 24-mm spiculated nodule, which enhanced on PET scan without abnormal uptake elsewhere. 
The nodule was a non-small cell lung cancer at resection. 


Table 31. Recommendations for Pulmonary Nodule 
Evaluation Based on Risk 


Nodule Size Low Risk’ Follow-up High Risk” Follow-up 
(mm) 
<4 None 12 months; if unchanged, stop 


4-6 12 months; if unchanged, stop 6-12 months; if unchanged, 
18-24 months 


6-8 6-12 months; if unchanged, 18-24 months 3-6 months; if unchanged, 9- 
12 and 24 months 
>8 Consider contrast CT study, PET scan, or biopsy; Same as low risk 


if followed, 3, 9, and 24 months 


PET = positron emission tomography. 
“Low risk: Never-smoker and no other risk factors. 
High risk: Current or former smoker or other risk factors. 


Modified from MacMahon H, Austin JH, Gamsu G, et al; Fleischner Society. Guidelines for 
management of small pulmonary nodules detected on CT scans: a statement from the Fleischner 
Society. Radiology. 2005;237(2):395-400. [PMID: 16244247] Copyright 2005, Radiological 
Society of North America. 
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Screening for Lung Cancer 


Lung cancer is usually diagnosed as a result of an evaluation in a symptomatic patient, and 
therefore many cancers are diagnosed at an advanced stage. No screening test for lung cancer in 
patients at risk for the disease, including chest radiography, sputum cytology, or chest CT, has 
been shown to reduce mortality from lung cancer. 


The most sensitive imaging test for detecting pulmonary nodules is the CT scan. Conventional 
chest CT scanning requires radiation dosages and image-acquisition times that are impractical for 
screening purposes. The development of low-dose, fast-spiral CT greatly reduced the radiation 
dose and the scan time, making screening feasible. Prospective single-arm observational studies 
have shown that screening with spiral CT detects a large percentage of lung cancers at an early 
stage when the prognosis is favorable, but it is not clear whether the improved survival is true 
improvement or only apparent because of the inherent biases associated with screening. Using a 
validated prediction model, a recent evaluation of nonrandomized screening studies showed that 
CT detected three times as many cancers as predicted and that most of these cancers were early 
stage, but there was not a corresponding reduction in the expected number of advanced-stage 
cancers or in lung cancer deaths. Randomized controlled trials of CT screening for lung cancer 
are under way in the United States and Europe. 
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Bronchogenic Carcinoma 


Bronchogenic carcinoma, or lung cancer, is classified primarily into two types: small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC). This distinction is essential for 
staging, treatment, and prognosis. Approximately 95% of all cancers originating in the lung fall 
into these subtypes. NSCLC, which comprises more than 80% of all cases of lung cancer, 
consists of three histologic subtypes: adenocarcinoma, squamous cell carcinoma, and large cell 
carcinoma. 
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Risk Factors 


Approximately 90% of all cases of lung cancer are caused by cigarette smoking. The risk of a 
current smoker with a 40-pack-year smoking history is approximately 20 times that of someone 
who has never smoked. The most effective method for reducing one’s risk is not to start 
smoking, or for those who do smoke, to quit. After a patient has quit smoking, the risk for lung 
cancer falls for about 15 years before it levels off and remains about twice that of a never- 
smoker. The presence of airway obstruction on pulmonary function testing is associated with 
about a four- to sixfold increase in the risk for lung cancer. The combination of smoking history 
and asbestos exposure increases the risk for lung cancer to as high as 50 to 90 times that of a 
never-smoker. The risk is also increased by passive smoking (second-hand smoke) and exposure 
to asbestos, radon, metals (arsenic, chromium, and nickel), ionizing radiation, and polycyclic 
aromatic hydrocarbons. Several studies have shown that the risk for lung cancer is increased by 
the presence of pulmonary fibrosis. 
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Clinical Presentation 


Most patients with lung cancer are symptomatic at the time of clinical presentation, which 
reflects the aggressive nature of the disease, the frequent absence of symptoms until the late 
stage, and the lack of a proven screening test. Symptoms may result from local effects of the 
tumor, regional or distant spread, or distant effects not related to metastases (paraneoplastic 
syndromes). Symptoms that stem from local effects of the tumor include cough, hemoptysis, 
chest pain, and dyspnea. Lung cancer can spread to essentially any body tissue, and the 
presenting symptom may be due to metastatic disease. Spread may occur by direct extension, by 
way of the lymphatic vessels, or hematogenously. The most frequent sites of distant metastasis 
are the liver, adrenal glands, bones, and brain. 


Paraneoplastic syndromes occur in approximately 10% of patients with bronchogenic carcinoma 
(Table 32). 


Lung cancer, usually SCLC, is the most common cancer to be associated with a paraneoplastic 
neurologic syndrome, and the neurologic symptoms typically precede the diagnosis of SCLC 


(Figure 10). Paraneoplastic neurologic syndromes are thought to be immune-mediated based on 
the identification of various autoantibodies, most commonly antineuronal nuclear antibodies 
ANNA-1 (formerly anti-Hu), ANNA-2 (formerly anti-Ri), and ANNA-3. Purkinje cell 
cytoplasmic antibodies include PCA1 (formerly anti-Yo) and PCA2. The finding of a 
paraneoplastic autoantibody in a patient presenting with a neurologic syndrome should expedite 
the evaluation for malignancy (see MKSAP 15 Neurology). 


Figure 10. Small cell lung cancer with paraneoplasia. 


A 76-year-old current smoker presented with a 25-kg (55-lb) weight loss and persistent diarrhea. 
CT scan of the chest showed subcarinal lymphadenopathy, and limited-stage small cell lung 
cancer was diagnosed by transbronchial needle aspiration. A paraneoplastic antibody panel was 
positive for antineuronal nuclear antibody type I(ANNA-1) supporting that the gastrointestinal 
dysmotility was paraneoplastic. 


Table 32. Most Common Paraneoplastic Syndromes 
Associated with Lung Cancer 


System Syndrome Paraneoplastic 


Musculoskeletal Hypertrophic osteoarthropathy 
Digital clubbing 


Polymyositis, dermatomyositis 
Endocrinologic Cushing syndrome 


Syndrome of inappropriate antidiuretic hormone secretion 


Hypercalcemia 
Neurologic Lambert-Eaton syndrome 


Peripheral neuropathy 


Encephalomyelitis 
Vascular/hematologic Thrombophlebitis 


Nonbacterial thrombotic endocarditis 
Thrombocytosis 


Leukemoid reaction 
Miscellaneous Cachexia 
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Diagnosis 


The clinical evaluation for suspected lung cancer requires a careful history and physical 
examination, a complete blood count and serum chemistry panel that includes liver tests and 
measurement of serum calcium, and a chest CT scan through the adrenal glands. Further testing 
is directed by the presence of localized pain, lymphadenopathy, or specific laboratory findings. 
Measuring tumor markers in the serum is not recommended. Pulmonary function testing should 
be done in patients who are being considered for surgical resection. A quantitative 
ventilation/perfusion lung scan or cardiopulmonary exercise testing may assist in the selection of 
surgical candidates among patients who have marginal pulmonary function. 


Diagnosis and staging of lung cancer should be done simultaneously. For example, in a patient 
with a 4-cm lung mass and mediastinal lymphadenopathy on CT, a transthoracic needle aspirate 
of the mass may provide a histologic diagnosis but not the stage; therefore a second procedure 
will be needed for staging the tumor. 


In early-stage disease, whether a diagnosis is needed before surgery depends on the clinical 
circumstances. A 2-cm enlarging peripheral nodule in a former smoker with a CT-PET scan 
showing uptake only in the lesion may not require biopsy before resection; the likelihood of 


identifying a specific benign lesion in this setting is low, and a nonspecific positive result would 
still lead to a resection because of the high likelihood of malignancy. In addition, a false-negative 
result would delay therapy. In advanced disease, diagnosis and staging are best accomplished 
with a single invasive test or a noninvasive test such as sputum cytology. A cancer presenting as 
a large mass or central lesion is often easily diagnosed by bronchoscopy. The visual extent of the 
tumor at bronchoscopy can also guide surgical resection, or biopsy of involved tissue may 
establish lack of resectability. 
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Staging 


Staging for NCSLC is critical to determining treatment for patients with resectable disease and 
avoiding unnecessary surgery in patients with advanced disease. Staging of NSCLC is by the 
TNM system, and validated changes in this system have been implemented in 2009 (Table 33). 


Staging of SCLC is by the Veterans Administration Lung Study Group designations of limited 
disease, which consists of disease confined to one hemithorax and therefore one radiation port, or 
extensive disease, which extends beyond one hemithorax. Performance status is measured by 
various methods including the Karnofsky performance status and Eastern Cooperative Oncology 
Group scale of performance. 


Table 33. Stage Grouping for Non-Small Cell Lung Cancer 


Stage TNM Descriptors 
Subset 
IA Tla,bNOMO Tla: <2 cm, T1b: >2 cm <3 cm 
IB T2aNOMO T2a: >3 cm <7 cm 
IIA Tla,bN1MO T2b: >5 cm <7cm 
T2aN1MO 
T2bNOMO 
IIB T2bN1MO T3: >7 cm, or invasion of chest wall or diaphragm or <2 cm from 
T3NOMO carina as before, or a metastatic nodule in the same lobe. 
MA T1,2N2M0 T4: metastatic nodule on the ipsilateral side in a different lobe 
T3N1,2M0 
T4NO,1MO 
IIIB T4N2MO0 
Any TN3M0 
IV Any T, any N, Mla: metastatic nodule contralateral lobe, pleural effusion, or 
Mla,b pleural nodules 


Mb: distant metastasis 


Modified from Goldstraw P, Crowley J, Chansky K, et al; International Association for the Study 
of Lung Cancer International Staging Committee; Participating Institutions. The IASLC Lung 
Cancer Staging Project: proposals for the revision of the TNM stage groupings in the 
forthcoming (seventh) edition of the TNM Classification of malignant tumours [erratum in J 
Thorac Oncol. 2007;2(10):985]. J Thorac Oncol. 2007;2(8):706-714. [PMID: 17762336] 
Copyright 2007, Lippincott, Williams & Wilkins. 
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Role of Positron Emission Tomography 


PET is based on the principle that cancer cells have a high rate of glycolysis compared with 
nonneoplastic cells. The PET tracer 18-FDG is taken up into cells, is metabolically trapped, and 
accumulates. False-positive PET scans have been reported with tuberculosis, fungal diseases, 
other infections, and sarcoidosis. Inflammatory disorders such as a rheumatoid nodule or 
cryptogenic organizing pneumonia may also cause false-positive PET scans. False-negative PET 
scans may occur with low-grade tumors, such as bronchoalveolar cell carcinoma, carcinoid 
tumor, and tumors less than 1 cm in diameter. 


For evaluation of mediastinal lymph node metastasis, PET has a sensitivity and specificity of 
approximately 90% and 85%, respectively, which is better than CT staging of the mediastinum in 
which there is an approximately 30% to 40% rate of both false-positive and false-negative 
results. PET has also been shown to detect distant metastases in 10% to 20% of patients who 
were otherwise thought to be candidates for surgery. Because of the possibility of false-positive 
PET scans, a biopsy or other imaging proof of distant metastasis should be obtained before 
determining that a patient has unresectable disease. CT-PET integrates the CT and PET images 
and has been shown to have higher sensitivity and specificity for assessing lung cancer stage 
than CT and PET done separately (Figure 11). 


Figure 11. Mediastinal lymphadenopathy on CT-PET. 


A 50-year-old smoker presented with cough and had an obstructing squamous cell carcinoma of 
the right lower lobe. Staging PET scan showed uptake in both the normal-sized left and right 
paratracheal nodes. Ultrasound-guided bronchoscopic needle aspiration confirmed involvement 
of both the ipsilateral and the contralateral mediastinal nodes, thus making the tumor 
unresectable. 


PreviousNext 


Nonsurgical Mediastinal Staging 


Transbronchial needle aspiration through a flexible bronchoscope may be used to sample the 
paratracheal, subcarinal, and hilar lymph nodes. Several recent series have shown improvement 
in yields with endobronchial ultrasonography when compared with blind bronchoscopic needle 
aspiration. Endobronchial ultrasonography is real-time imaging of the mediastinal nodes, which 
enables the needle to be seen in the node at the time of sampling. Yields of 90% for the 
paratracheal and subcarinal nodes have been reported. The addition of the procedure reduces the 
need for mediastinoscopy to stage N2 (ipsilateral mediastinal) and N3 (contralateral mediastinal) 
nodes. Sampling of mediastinal nodes by esophagoscopy with ultrasound-guided fine-needle 
aspiration is an alternative method for diagnosis and staging. 
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Treatment 


NSCLC in stages I or II should be treated with surgery whenever possible. If the postoperative 
predicted FEV; and DLCO are greater than 40%, surgery is generally well tolerated. Advances in 
surgical technique, use of limited resection, and postoperative care may provide the opportunity 
for surgical resection in patients with NSCLC previously thought not to be candidates for 
resection. A quantitative perfusion scan or an exercise assessment, specifically measuring 
aerobic capacity, may help determine whether surgery is appropriate in patients who have less 
than 40% predicted FEV; and DLCO. Operative mortality has been demonstrated to be lower in 
centers with the highest volumes of procedures and focused expertise. Patients with stage I 
disease who are not candidates for surgery or who refuse surgery may be candidates for radiation 
therapy. 


Limited-stage SCLC is treated primarily with combination chemotherapy and radiation therapy, 
and extensive-stage disease is treated with chemotherapy alone. (For a further discussion of 
treatment of lung cancer, see MKSAP 15 Hematology and Oncology.) 
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Endobronchial Therapy 


In addition to its role in the diagnosis and staging of lung cancer, bronchoscopy is used to treat 
lung cancer by photodynamic therapy, laser therapy, and brachytherapy. Bronchoscopy may also 
be used to treat large airway compromise from the cancer with placement of airway stents. 


Photodynamic therapy appears to be most appropriate for radiographically occult superficial 
squamous cell tumors but is also used in other forms of NSCLC; laser therapy and brachytherapy 
may be used in either NSCLC or SCLC. Photodynamic therapy may also be used for palliation 
of extensive endobronchial disease. 


Laser endobronchial resection should be considered in patients who do not respond to other 
treatment modalities, have an identifiable bronchial lumen, and show evidence of functioning 
lung tissue beyond the level of the endobronchial obstruction. Palliation of symptoms is often 
immediate, although temporary, and median survival after laser resection is approximately 6 
months. 


Brachytherapy is the intraluminal application of radiation and is generally used in patients who 
have previously received maximal doses of external-beam radiation. Brachytherapy is 
appropriate for both intrinsic and extrinsic malignant airway obstruction when functioning lung 
may be maintained or regained by achieving airway patency. Response rates range from 30% to 
80%, with success more likely in patients who had a favorable response to previous external- 
beam radiation. Hemorrhage or fistula formations are the most frequent complications. 


Bronchoscopic placement of prosthetic airway stents can palliate both intrinsic and extrinsic 
malignant obstruction. Silastic stents (which are removable), metal stents, and combinations of 
metal and silastic materials have been used. Symptomatic improvement after regaining airway 
patency may be immediate and impressive. Complications with the silastic stents include 
migration, mucus obstruction, and granulation tissue formation. Cough may be troublesome, 
even when dyspnea is improved. The metal stents become incorporated into the bronchial wall 
and may be irretrievable or removed with great difficulty, and the formation of granulation tissue 
is more prevalent. Malignant growth may occur through the wall of the uncovered metal stents or 
proximal or distal to either type of stent. 
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Other Pulmonary Neoplasms 


e Carcinoid Tumors 
e Metastatic Neoplasms to the Lung 
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Carcinoid Tumors 


Bronchial carcinoid tumors are low-grade malignant neoplasms that consist of neuroendocrine 
cells and account for 1% to 2% of all tumors of the lung. Patients may present with hemoptysis, 
have evidence of bronchial obstruction, or be asymptomatic. The association of carcinoid 
syndrome (flushing and diarrhea) with bronchial carcinoid tumor is rare. Surgical resection is 
often curative, and in the absence of nodal metastasis, the 10-year survival rate for patients with 
typical carcinoid tumors is greater than 90%. Prognosis is worse in patients with tumors larger 
than 3 cm or in the presence of nodal metastasis. The term “atypical carcinoid” is used when 
there is histologic evidence of increased mitotic activity, nuclear pleomorphism, and/or necrosis. 
Atypical carcinoids tend to have a higher rate of metastasis and to be larger at diagnosis than 
typical carcinoid tumors. The 5-year survival rate for patients with atypical carcinoid tumors is 
approximately 60% to 70%, and, when feasible, surgery is the therapy of choice. 
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Metastatic Neoplasms to the Lung 


Approximately 10% to 30% of all malignant nodules resected from the lung are metastases. 
Carcinomas that are frequent sources for pulmonary metastases include those of the head and 
neck, colon, kidney, breast, and thyroid gland, as well as melanoma. In addition to solitary or 
multiple nodules, metastases of carcinoma to the lung include lymphangiitic, endobronchial, 
pleural, and embolic patterns. The finding of multiple or innumerable nodules is the most 


common clinical situation. Depending on the size and location of the nodules, a diagnosis may 
be obtained by transthoracic needle aspiration or bronchoscopy. Surgical resection may be 
appropriate for a solitary pulmonary metastasis when evidence of other sites of metastatic 
disease have been excluded. Although randomized studies have not been performed, evidence 
suggests improved survival in some patients who have resection of a solitary pulmonary 
metastasis from sarcoma, renal cell carcinoma, breast cancer, and colon cancer. 
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Mediastinal Masses 


The mediastinum is the area between the two pleural surfaces in the center of the chest and is 
bordered anteriorly by the sternum, posteriorly by the spinal column, superiorly by the thoracic 
outlet, and inferiorly by the diaphragm. The mediastinum is further divided into the anterior, 
middle, and posterior compartments. These divisions are helpful clinically because disease 
processes presenting as masses develop primarily in one compartment based on the contents of 
that compartment. 
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Anterior Mediastinal Masses 


Contents of the anterior mediastinum include the upper esophagus, trachea, thymus, aortic arch, 
and lymphatic vessels. Masses in the anterior mediastinum are usually one of 5 T’s: Thyroid (or 
parathyroid) tumors, Thymoma (or thymic carcinoma), Teratoma (or germ cell tumors), Thomas 
Hodgkin disease, and T-cell lymphoma. Thyroid and parathyroid tumors tend to occupy the 
superior-most aspect of the anterior mediastinum and may be palpable on examination or 
palpable when the patient swallows as the tumor is elevated into the neck. 


Thymomas may be malignant or benign. Benign thymomas are generally well encapsulated; 
malignant thymomas invade the adjacent tissues. Thymoma is associated with various 
paraneoplastic effects, the most common being myasthenia gravis (Figure 12). Approximately 
35% to 50% of patients with a thymoma have myasthenia gravis, and approximately 15% of 
patients with myasthenia gravis have a thymoma. Other paraneoplastic syndromes associated 
with thymoma include pure red cell aplasia and hypogammaglobulinemia. Teratomas may be 
evident on plain chest radiograph or CT scan. 


Figure 12. Thymoma with myasthenia gravis. 


A 56-year-old woman presented with a 2-month history of ptosis and progressive difficulty 
chewing and swallowing. CT scan showed an anterior mediastinal mass that was a stage 1 
thymoma at resection. Acetylcholine receptor antibodies were positive at 46.8 nmol/L (normal 
<0.02 nmol/L), supporting the diagnosis of myasthenia gravis. 
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Middle Mediastinal Masses 


Contents of the middle mediastinum include the pericardium/heart, distal trachea, main bronchi, 
and lymph nodes. Masses in the middle mediastinum include enlargement of lymph nodes from 
metastasis, lymphoma, granulomatous disease (sarcoidosis, fungal infections, pulmonary 
tuberculosis), and giant lymph node hyperplasia (Castleman disease). Also included are 
pericardial or bronchogenic cysts, vascular masses and enlargements, and diaphragmatic hernias. 
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Posterior Mediastinal Masses 


Contents of the posterior mediastinum include the esophagus, descending aorta, sympathetic 
ganglia, and peripheral nerves. Masses most often originate from the esophagus or from neural 
tissue. Esophageal lesions include leiomyomas, fibromas, and lipomas. Neural tumors include 
neurofibroma and neurilemmoma (schwannoma). 


Approximately half of all patients with mediastinal tumors present with cough, venous 
distention, hoarseness, back pain, or chest pain. The radiographic features can be helpful because 
the compartment containing the mass suggests a differential diagnosis. Routine imaging studies 
are often otherwise nonspecific and do not usually replace the need for tissue for a diagnosis. 
Recognition of an indeterminate mediastinal mass is usually an indication for biopsy or removal. 
If thymoma is suggested, resection is performed. Substernal thyroid glands are observed unless 
symptomatic. If both MRI and CT give a strong indication that a lesion is a cyst, follow-up is 
indicated. If lymphoma is suspected, an excisional biopsy is indicated. 
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Sleep Disorders and High-Altitude Pulmonary Disease 


Excessive Daytime Sleepiness 
Obstructive Sleep Apnea 


Central Sleep Apnea 


e Sleep and Respiratory Diseases 
e High-Altitude Pulmonary Disease 


Key Points 


e Excessive daytime sleepiness is a persistent or recurrent inability to achieve and sustain 
alertness required to accomplish the tasks of daily living. 

e Excessive daytime sleepiness is most commonly secondary to insufficient sleep. 

e Using heated humidification and educating the patient about the benefits of positive 
airway pressure therapy can enhance compliance to therapy for obstructive sleep apnea. 

e In-laboratory attended polysomnography remains the gold standard for diagnosing 
obstructive sleep apnea and titrating positive airway pressure therapy. 

e The optimal continuous positive airway pressure for obstructive sleep apnea should 
eliminate apneas, hypopneas, and snoring in all sleep positions and during all sleep 
stages; normalize oxygen saturation; and improve sleep quality. 

e Hypercapnic central sleep apnea is associated with hypoventilation (high PCO2) and a 
diminished response to hypercapnia. 

e Nonhypercapnic central sleep apnea is characterized by a normal or low waking PCO 
and an increased ventilatory response to hypercapnia. 

e Muscular dystrophy, myotonic dystrophy, amyotrophic lateral sclerosis, and 
poliomyelitis are associated with nocturnal ventilatory impairment, such as alveolar 
hypoventilation, that may precede waking abnormalities in respiration by several months 
to years. 

e Patients with prominent awake respiratory accessory muscle use may have episodic 
hypoventilation during sleep when function of those muscles is less reliable and 
especially during rapid eye movement sleep when accessory muscles are hyperpolarized 
and unavailable. 

e High-altitude pulmonary edema is a form of noncardiogenic pulmonary edema caused by 
leakage of fluid and hemorrhage into the alveolar spaces. 

e Patients who require continuous oxygen therapy for chronic respiratory or cardiovascular 
disorders may not tolerate commercial air travel and should be assessed to determine 
whether they will require additional in-flight supplemental oxygen. 


PreviousNext 


Excessive Daytime Sleepiness 


Excessive daytime sleepiness is a persistent or recurrent inability to achieve and to sustain the 
alertness required to accomplish the tasks of daily living. Sleepiness is different from fatigue, 
and inadequate sleep duration is the most common cause of excessive sleepiness (Table 34). 
Complications include sleep attacks, increased risk of accidents, impaired cognition, 
performance decrements, and mood disorders. 


Evaluation of excessive daytime sleepiness consists of a careful history with inquiries into sleep 
duration and quality. Subjective measures (for example, the Epworth Sleepiness Scale) or 


objective measures (for example, the Multiple Sleep Latency Test [MSLT]) can be used to assess 
the presence and severity of excessive daytime sleepiness. Mean sleep latency on the MSLT is 
generally less than 8 minutes in patients with clinically significant sleepiness. Polysomnography 
is not indicated in the routine evaluation unless sleepiness is clearly related to insufficient sleep, 
or a specific sleep, medical, neurologic, or psychiatric disorder is present. Drug screening for 
sedative agents may be appropriate. 


Therapy for excessive daytime sleepiness includes proper sleep hygiene (including obtaining an 
adequate amount of sleep) and treatment of disorders that can cause or exacerbate excessive 
sleepiness. Patients with significant sleepiness, which is associated with functional impairment 
or may pose a danger to the person and which persists despite treatment of insufficient sleep and 
known treatable conditions, may benefit from psychostimulant agents, such as amphetamines, 
methylphenidate, or modafinil. Such patients should be counseled to refrain from driving or 
engaging in activities that might be potentially dangerous whenever they are drowsy. 


Table 34. Differential Diagnosis of Excessive Sleepiness 


Insufficient Sleep 
Sleep Fragmentation 
Obstructive sleep apnea 
Periodic limb movement disorder 
Central Nervous System Disorders 
Narcolepsy 
Idiopathic hypersomnia 


Kleine-Levin syndrome (a rare disorder characterized by recurring periods of excessive amounts 
of sleep and altered behavior) 


Disturbances of the Circadian Timing of Sleep and Wakefulness 
Shift work sleep disorder 
Jet lag 
Medical, Neurologic, and Psychiatric disorders 
Hypothyroidism 
Cirrhosis 
Encephalitis 
Depression 
Medication or Substance Use 
Abuse 
Sedating medications 
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Obstructive Sleep Apnea 


An obstructive apnea is defined as a significant reduction in airflow (a decrease in the peak 
thermal sensor amplitude by at least 90% from baseline) for at least 10 seconds that occurs 
despite efforts to breathe and that is secondary to upper airway obstruction. An obstructive 
hypopnea is characterized by a reduction in nasal pressure of at least 30% of baseline for at least 
10 seconds that is accompanied by at least 4% oxygen desaturation. The severity of obstructive 
sleep apnea (OSA) is commonly based on the apnea-hypopnea index (AHI; sum of apneas and 
hypopneas per hour of sleep): mild sleep apnea consists of an AHI 5 to 15/hour; moderate sleep 
apnea, AHI 16 to 30/hour; and severe sleep apnea, AHI greater than 30/hour. It is estimated that 
24% of men aged 30 to 60 years and 9% of similarly aged women have OSA (AHI at least 
5/hour). 
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Pathophysiology 


The patency of the upper airway is maintained during the waking state by activation of muscles 
that dilate this region; the dilating activity of these muscles is significantly reduced during sleep 
and is exceeded by forces that promote closure of the airway. The airway is more vulnerable to 
closure in patients with OSA than in unaffected persons. In a patient whose airway has closed, 
airway patency is reestablished during brief arousals that accompany the termination of apnea- 
hypopneas. Closure recurs with the resumption of sleep. Respiratory events generally occur less 
frequently during non—-rapid eye movement sleep than in rapid eye movement sleep. In some 
persons, respiratory events occur predominantly or exclusively in the supine sleep position. 


Apnea-hypopneas are commonly associated with oxygen desaturation, mild to moderate 
hypercapnia, and changes in blood pressure and heart rate; there is a relative bradycardia and 
reduction in blood pressure during respiratory events, and tachycardia and an increase in blood 
pressure during the termination of apnea-hypopneas. Premature ventricular contractions may also 
occur. 
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Risk Factors and Complications 


Risk factors for OSA include excessive body weight, abnormalities of craniofacial anatomy, 
male sex, underlying medical or neurologic disorders (myxedema, acromegaly, and stroke), 
alcohol use, certain medications (muscle relaxants, sedatives, opioids, and anesthetics), and 
aging. 


Patients with untreated OSA have a greater likelihood of developing coronary artery disease, 
acute myocardial infarction during sleep, systemic and pulmonary arterial hypertension, heart 
failure, recurrent atrial fibrillation, stroke, insulin resistance, mood disorders, and parasomnias. 
OSA may also negatively affect quality of life and academic and occupational performance, may 


increase the risk of vehicular and work-related accidents, and may increase the overall mortality 
rate. 
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Clinical Features 
Excessive daytime sleepiness is the most common manifestation of OSA (Table 35). 


Clinical and physical examination features are neither sensitive nor specific enough for the 
diagnosis of OSA. Polysomnography is required to determine the presence and severity of OSA. 
Although attended in-laboratory polysomnography remains the standard technique for 
diagnosing OSA, portable home sleep testing is becoming more common, and its use is expected 
to increase in the future. An MSLT is indicated if significant sleepiness persists despite optimal 
therapy. 


Table 35. Clinical and Physical Examination Features of 
Obstructive Sleep Apnea 


Clinical Features 

Habitual snoring 
Reports of witnessed apneas 
Awakenings with gasping or choking 
Insomnia 
Nighttime diaphoresis 
Morning headaches 
Nocturia 
Erectile dysfunction 
Daytime fatigue or sleepiness 
Alterations in mood 
Neurocognitive decline 

Physical Examination 
Excessive weight 
Large neck circumference 
Nasal obstruction 
Tonsillar enlargement 
Low-lying palate 
Narrow oropharynx 
Macroglossia 


Retro-or micrognathia 
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Treatment 


Therapy is recommended for all patients with an AHI at least 15/hour and for patients with 
excessive daytime sleepiness, insomnia, impaired cognition, mood disorder, hypertension, 
ischemic heart disease, or stroke and an AHI between 5 and 15/hour. Various treatment 
modalities are available (Table 36). 


Positional sleep therapy consists of measures to prevent sleep in a supine position for patients 
whose OSA occurs exclusively or predominantly during a supine sleep position and whose AHI 
normalizes during sleep in a lateral or prone sleep position. 


Supplemental oxygen is not recommended as a primary therapy for OSA and should not be used 
to replace positive airway pressure therapy. Oxygen therapy may be beneficial if marked oxygen 
desaturation related to respiratory events does not respond to positive airway pressure therapy 
alone. No pharmacologic agent is consistently effective in treating OSA. Patients should be 
counseled not to drive or engage in other potentially dangerous activities unless their OSA is 
optimally treated and they are fully alert. 


Table 36. Therapy for Obstructive Sleep Apnea 


General Measures 

Optimal weight management 
Avoidance of alcohol, sedatives, and muscle relaxants 
Positional sleep therapy 

Positive Airway Pressure Therapy 
Continuous positive airway pressure 
Auto-titrating positive airway pressure 
Bilevel positive airway pressure 
Adaptive servoventilation 

Oral Devices 

Mandibular repositioners 
Tongue-retaining devices 

Upper Airway Surgery 
Uvulopalatopharyngoplasty 
Genioglossal advancement 

Hyoid myotomy and suspension 
Mandibular advancement 


Maxillomandibular advancement 
Tracheostomy 
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Positive Airway Pressure 


Positive airway pressure is the treatment of choice for most patients with OSA. This therapy 
involves the generation of air pressure by a turbine or fan, and the air is channeled to the upper 
airways via a tight-fitting nasal or oronasal mask. This air pressure acts as a pneumatic splint that 
maintains nasopharyngeal airway patency during sleep. In most patients, a continuous positive 
airway pressure (CPAP), which provides a single constant fixed-level pressure throughout the 
respiratory cycle, is applied. Auto-titrating positive airway pressure continuously adjusts the 
delivered pressure using device-specific diagnostic and therapeutic algorithms to compensate for 
the degree of upper airway obstruction. In some patients, an additional positive pressure assist 
during inspiration is added to the basal continuous positive pressure level (analogous to pressure 
support added to positive end-expiratory pressure in an intubated patient with an endotracheal 
tube) that helps support minute ventilation whenever this is necessary. Methods providing this 
inspiratory pressure boost include bilevel positive airway pressure (BPAP) and adaptive 
servoventilation (ASV). BPAP uses a higher pressure level during inspiration and a lower 
pressure during expiration; the inspiratory boost increases the size of each breath and enhances 
minute ventilation. ASV provides an adjustable degree of pressure support (difference between 
inspiratory and expiratory positive airway pressure) superimposed upon a set level of CPAP. 


In general, CPAP is used when opening the airway is sufficient and BPAP or ASV when CPAP 
is needed to open the airway and additional ventilatory support is needed for a component of 
hypoventilation. Optimal therapy must be determined by polysomnography and titration of 
therapy to relieve hypoxemia and hypercarbia. 


Effective positive airway pressure therapy of the appropriate type has been shown to improve 
sleep quality, lower the AHI, increase arterial oxygen saturation, and reduce daytime sleepiness 
in patients with OSA. It improves blood pressure control in patients with OSA and hypertension 
and enhances cardiac function in those with comorbid heart failure. Optimal positive airway 
pressure therapy reduces the mortality rate associated with OSA. 


Suboptimal adherence to CPAP and BPAP devices is common in clinical practice, and rates of 
discontinuation are high. Therefore, objective monitoring of use and periodic follow-up are 


important to ensure adherence. Education regarding the benefits of therapy and the use of heated 
humidification have been reported to enhance compliance. 
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Upper Airway Surgery 


Surgery is indicated for patients with specific underlying surgically correctable craniofacial or 
upper airway abnormalities that contribute to OSA, including nasal polyps, nasal septal 
deviation, tonsillar enlargement, or retrognathia. Upper airway surgery may also be considered in 
selected patients with OSA who desire surgery, reject other therapeutic modalities, and can 
undergo the procedure. Uvulopalatopharyngoplasty and other surgical procedures for OSA 
increase the dimensions of the retropalatal airspace, retrolingual airway, or both. Data on long- 
term effectiveness of upper airway surgery are limited, but it is less effective than CPAP therapy. 
Polysomnography is routinely indicated after upper airway surgery to determine its therapeutic 
efficacy, and long-term follow-up is advisable to monitor for disease recurrence. Rarely, 
tracheostomy may be indicated for severe life-threatening OSA that does not respond to other 
therapy. Tracheostomy is highly effective treatment for OSA, superior even to CPAP because the 
patient breathes with the tracheostomy tube or stoma open at night, bypassing the upper airway. 
However, tracheostomy is invasive and has its own morbidity. 
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Oral Devices 


Mandibular repositioners and tongue-retaining devices are used to treat patients with primary 
snoring or mild to moderate OSA. Mandibular repositioners advance the mandible and tongue by 
realigning the lower teeth forward in relation to the upper teeth, whereas tongue-retaining 
devices secure the tip of the tongue in a forward position in a soft bulb situated over the teeth. 


Both devices enlarge the pharyngeal airway and prevent the posterior displacement of the tongue 
and mandible during sleep. Oral devices may be considered for patients who cannot tolerate or 
are unwilling to use positive airway pressure therapy, or who either refuse or have failed to 
respond to upper airway surgery. Oral devices have reported efficacy rates of 30% or up to 80% 
in patients with severe or mild-to-moderate OSA, respectively. A follow-up polysomnography is 
indicated after the device has been adjusted to determine its therapeutic benefit. 
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Management of Residual Sleepiness 


Excessive daytime sleepiness may persist despite adherence to positive airway pressure therapy 
in some patients with OSA. The presence of insufficient sleep, narcolepsy, surreptitious use of 
sedating medications, or mood disorders should be excluded. Modafinil, a wake-promoting 
agent, is an adjunct therapy to improve residual daytime sleepiness in patients receiving optimal 
positive airway pressure therapy. However, modafinil should not be used as sole therapy in 
patients presenting with excessive daytime sleepiness, and it does not reverse the adverse 
cardiovascular consequences related to OSA. 
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Central Sleep Apnea 


Central sleep apnea (CSA) is characterized by the recurrent cessation or reduction of airflow 
lasting for at least 10 seconds secondary to an absence of inspiratory effort. Patients with CSA 
may present with insomnia, nocturnal dyspnea, or excessive sleepiness secondary to repetitive 
nighttime awakenings or may be asymptomatic with the central apnea being an incidental finding 
during polysomnography performed for another indication. 


CSA is classified as hypercapnic or nonhypercapnic. Hypercapnic CSA is associated with 
hypoventilation (high PCO2) and a diminished response to hypercapnia. Nonhyper-capnic CSA is 
characterized by a normal or low waking PCO and an increased ventilatory response to 
hypercapnia. There are various types of CSA (Table 37). Of the subtypes, primary central sleep 
apnea and some cases of central sleep apnea related to medical disorders and medications are 
hypercapnic. Many of the other types are associated with increased respiratory drive and low 
waking PCO», with pauses in breathing when the patient falls asleep and the PCO2 increases 
toward a higher sleep set point or cyclical breathing when high respiratory drive leads to an 
overshoot beyond the PCO? set point, resulting in a pause in breathing followed by deep 
breathing when that set point is reached. 


Risk factors for primary CSA include a high carbon dioxide ventilatory drive (that is, increased 
response to hypercapnia) and male sex. 


CSA can develop acutely after ascent to high altitudes. In patients with heart failure, the 
likelihood of CSA is increased in persons older than 60 years and those with atrial fibrillation 
and low awake PCO>. 


Polysomnography is necessary for the diagnosis of CSA. Cessation of respiration is 
associated with absent ventilatory efforts. Transcutaneous carbon dioxide may be 
measured and aids in classifying central apneas as hypercapnic or nonhypercapnic for the 


purpose of individualizing Table 37. Types of Central Sleep Apnea 


Primary Central Sleep Apnea 
Accounts for an estimated 5% to 10% of sleep-related breathing disorders 
Prevalence is greater among men and increases with age. 
More common during the onset of NREM sleep than during stable NREM or REM sleep. 

Cheyne-Stokes Respirations 

Recurring periods of gradually waxing and waning tidal volume (crescendo-decrescendo 
ventilation) with repetitive central apnea-hypopneas alternating with prolonged hyperpneas 
(increased depth of breathing) 
Can develop in patients with heart failure or neurologic disorders, with a prevalence of about 
10% in patients with strokes or renal failure 


Sleep-Onset Central Apneas 


Central apneas can occur during the transition between wakefulness and sleep as PCO fluctuates 
above and below the apneic threshold and generally disappear once stable sleep, with stable 
higher levels of PCO, is attained 


Central Apnea Emerging during CPAP Titration 


Central apneas develop during CPAP titration in patients with predominantly obstructive or 
mixed apnea—hypopneas during an earlier diagnostic polysomnography 


Central Apnea Related to Medical Disorders or Medication Use 


Due to medical disorders (heart failure, brainstem lesions, and renal disorders) or the regular use 
of long-acting opioids 


CPAP = continuous positive airway pressure; NREM = non-rapid eye movement; REM = rapid 
eye movement. 


treatment. 
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Treatment 
Specific treatment is unnecessary for sleep-onset central apneas that are transitory and do not 


give rise to insomnia. Optimal management of underlying causes of secondary central apneas, 
such as heart failure, may be beneficial. 
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Oxygen Therapy 


Low-flow oxygen supplementation may decrease nonhypercapnic CSA in some patients. Oxygen 
therapy improves hypoxemia, reduces the hypopcapnia induced by reflex hyperventilation, and 
increases PCO? above the apneic threshold. 
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Positive Airway Pressure Therapy 


Positive airway pressure therapy (CPAP, BPAP, or ASV) can reduce respiratory events and 
improve cardiac function in patients with CSA due to heart failure. Patients with hypercapnic 
CSA may benefit from the assisted ventilation provided by BPAP, with improvements in both 
PO, and PCO. CPAP alone may improve the CSA in patients without hypercapnia. 
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Pharmacologic Therapy 


Respiratory stimulants have been used for certain types of central apneas, including 
acetazolamide for high-altitude periodic breathing, theophylline for CSA related to heart failure, 
and medroxyprogesterone for patients with obesity-hypoventilation syndrome, which consists of 
obesity with alveolar hypoventilation (awake PCO? greater than 45 mm Hg) without other known 
causes of hypoventilation. Hypnotic agents may help minimize sleep-onset central apneas but 
should be avoided (as should other respiratory suppressants such as narcotics, benzodiazepines, 
and muscle relaxants) in patients with hypercapnic forms of CSA. 
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Sleep and Respiratory Diseases 


e Chronic Obstructive Pulmonary Disease 
e Asthma 
e Restrictive and Neuromuscular Disorders 
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Chronic Obstructive Pulmonary Disease 


COPD may be associated with frequent nighttime awakenings due to nocturnal coughing or 
dyspnea. Polysomnography may show an increase in sleep latency, reduction in sleep efficiency, 
and decrease in total sleep time. Changes in arterial blood gases, including hypoxemia and 
hypercapnia, can occur in patients with advanced COPD. Nocturnal oxygen desaturation from 
COPD is more severe during rapid eye movement (REM) sleep than non-REM sleep. 
Mechanisms responsible for nocturnal hypoxemia include episodic hypoventilation, 
ventilation/perfusion mismatching, and decreased lung volumes. Episodes of hypoventilation 
may also result in arousals and further aggravate the sleep fragmentation. 


The overlap syndrome is characterized by the presence of both OSA and COPD. Patients with 
the overlap syndrome tend to have lower Pop and higher PCO», higher pulmonary arterial 
pressures, and a worse clinical course than persons with COPD alone. Patients with COPD 
should be screened for OSA if they have hypercapnia or pulmonary hypertension that is 
inconsistent with their degree of airflow limitation. In addition to pharmacologic therapy for 
COPD, patients with the overlap syndrome require positive airway pressure therapy that may 
include an additional pressure assist during inspiration (BPAP). 
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Asthma 


Nocturnal dyspnea, coughing, and wheezing secondary to asthma may give rise to significant 
sleep disturbance, with an increase in the frequency of awakenings and a decrease in sleep 
efficiency. Nighttime worsening of airway hyperreactivity and bronchoconstriction has been 
postulated to be due to circadian variability in airflow, greater parasympathetic tone during sleep, 
and changes in levels of inflammatory mediators, epinephrine, and cortisol. 
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Restrictive and Neuromuscular Disorders 


Sleep in patients with restrictive lung disease and neuromuscular disorders may be associated 
with nocturnal hypoventilation, nocturnal oxygen desaturation, frequent arousals, and excessive 
daytime sleepiness. The clinical course of kyphoscoliosis may be complicated by both 
obstructive and central apnea-hypopneas. Various neuromuscular disorders are associated with 
nocturnal ventilatory impairment, such as alveolar hypoventilation, that may precede waking 
abnormalities in respiration by several months to years; these disorders include muscular 
dystrophy, myotonic dystrophy, amyotrophic lateral sclerosis, and poliomyelitis. Patients with 
maximal inspiratory pressures less than 60 cm H20 or forced expiratory volume less than 50% of 
predicted are at higher risk for sleep-related hypoventilation and hypoxemia, which occur 
predominantly during REM sleep. Patients with neuromuscular disorders may also present with 
either obstructive or central apnea-hypopneas. 


Patients with prominent respiratory accessory muscle use while awake caused by either advanced 
COPD with hyperinflation or restrictive disorders, including pulmonary fibrosis, chest wall 
abnormalities, and neuromuscular diseases, may have episodic hypoventilation during sleep 
when function of those muscles is less reliable, especially during REM sleep when accessory 
muscles are hyperpolarized and unavailable. The repeated arousals and sleep fragmentation lead 
to daytime sleepiness and also aggravate daytime carbon dioxide retention. Effective nocturnal 
ventilatory support using BPAP can improve sleep quality, improve gas exchange during sleep 
(more normal PCO; and reduced episodes of hypoxemia), and also improve daytime function and 
gas exchange. 
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High-Altitude Pulmonary Disease 


Respiratory disorders related to ascent to high altitude include high-altitude periodic breathing, 
acute mountain sickness, high-altitude pulmonary edema, and complications of air travel. These 
disorders are all consequences of the relative hypoxia and hypocarbia associated with high 
altitude. 
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Sleep Disturbances and High-Altitude Periodic Breathing 


Recurrent periods of central apneas can occur on ascent to altitude, typically greater than 4000 
meters (13,123.36 ft). Central apnea is due to an increase in hyperventilation in response to 
hypoxia, leading to hypocapnic (low PCOz2) alkalosis and cycling respiration. If severe, it can 
cause sleep fragmentation, sleep-related dyspnea, and daytime sleepiness and fatigue. Both sleep 
quality and periodic breathing improve with acclimatization to altitude. If severe, symptoms can 
be alleviated with oxygen therapy or administration of acetazolamide, which is effective in 
preventing high-altitude periodic breathing (high-altitude insomnia). 
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Acute Mountain Sickness 


Clinical features of acute mountain sickness consist of lightheadedness, nausea, anorexia, 
headache, and a tingling sensation of the extremities; these symptoms arise as a result of hypoxia 
itself or are due to hyperventilation that develops in response to hypoxia. Hyperventilation, in 
turn, produces respiratory alkalosis. Symptoms generally develop within 6 to 12 hours of ascent 
to high altitude. Management consists of descent to a lower altitude and treatment with 
acetazolamide and dexamethasone. Acetazolamide and dexamethasone can also be used as 
prophylaxis for acute mountain sickness. 
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High-Altitude Pulmonary Edema 


High-altitude pulmonary edema (HAPE) is a form of noncardiogenic pulmonary edema that 
results from pulmonary vasoconstriction and elevated pulmonary arterial pressures in response to 
acute hypoxia, which leads to leakage of fluid and pulmonary hemorrhage into the alveolar 
spaces. Affected patients often present with significant dyspnea; cough productive of blood- 
tinged, frothy sputum; and cyanosis. Auscultatory crackles and elevated jugular venous pressure 
may be present. Persons with underlying pulmonary hypertension or mitral stenosis may be at 
greater risk of developing HAPE. Severe oxygen desaturation may require prompt descent if 
portable oxygen sources are unavailable. Hyperbaric chambers may also be beneficial. 
Nifedipine, which inhibits hypoxic pulmonary arterial vasoconstriction, has been used both to 
prevent and to treat HAPE. 
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Air Travel of Patients with Chronic Respiratory Disorders 


Commercial air travel poses challenges to hypoxemic patients, particularly those who require 
continuous oxygen therapy for chronic respiratory or cardiovascular disorders. Most commercial 
airplane cabins are pressurized to the equivalent of 5000 to 8000 feet, and patients with chronic 
hypoxia may not tolerate the lower PO2 and barometric pressure associated with air travel. The 
hypoxia inhalation test (inhalation of a 15% oxygen—85% nitrogen mixture to simulate 8000 
feet) or regression formulas may be used to determine whether a patient needs additional in- 
flight supplemental oxygen. Oxygen supplementation is indicated if the estimated in-flight PO2 
will be less than 55 mm Hg. Air travel is not recommended for patients with a pneumothorax 
because of the possibility of a tension pneumothorax developing as the volume of gas contained 
within the pneumothorax increases because of a decreasing barometric pressure associated with 
progressively higher ascents. 
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Critical Care 


e Recognizing the Seriously Ill Patient 
e Respiratory Failure 

e Noninvasive Mechanical Ventilation 
e Invasive Mechanical Ventilation 

e Sepsis 

e Emergent Disorders in Critical Care 
e Supportive Care in Critical Illness 


Key Points 


e Hypoxemic respiratory failure caused by diseases that create shunt physiology correct 
with positive end-expiratory pressure but not with supplemental oxygen. 

e The diagnosis of the acute respiratory distress syndrome (ARDS) is predominantly made 
on a clinical basis, and pulmonary artery catheters no longer have a major role in the 
diagnosis and management of ARDS. 

e Ventilatory failure refers to inadequate alveolar ventilation resulting in carbon dioxide 
retention and occurs in the setting of increased carbon dioxide production, decreased 
respiratory drive, excessive work of breathing, increased dead-space ventilation, and 
neuromuscular weakness. 

e Management of critically ill patients with neuromuscular weakness entails close 
monitoring for, and treatment of, ventilatory failure; minimizing aspiration risk; and 
assisting with airway clearance. 

e Auto-positive end-expiratory pressure contributes to increased work of breathing during 
exacerbations of obstructive lung disease. 

e Serial objective measurement of airflow obstruction, such as forced expiratory volume in 
1 second and peak expiratory flow, are valuable for determining the severity of asthma 
exacerbations. 

e Patients with asthma having an acute exacerbation of asthma who do not respond to 
aggressive bronchodilator therapy within at least 1 hour are candidates for admission to 
the intensive care unit. 

e A slightly elevated, or even normal, PCO: in a patient with an asthma exacerbation may 
indicate impending respiratory failure. 

e The need for large amounts of supplemental oxygen in patients with presumed 
exacerbations of asthma or chronic obstructive pulmonary disease should prompt 
consideration of alternative diagnoses. 

e Patients with respiratory failure secondary to chronic obstructive pulmonary disease 
exacerbations, heart failure, immunosuppressed states, and postoperative hypoxemia are 
the most likely to benefit from noninvasive positive-pressure ventilation. 

e Immediate transition to noninvasive positive-pressure ventilation from invasive 
mechanical ventilation may facilitate weaning in selected patients who successfully 
tolerated a weaning trial. 


Noninvasive positive-pressure ventilation is not beneficial, and is potentially harmful, 
when used in patients who deteriorated during a weaning trial. 

Use of low tidal volume (6 mL/kg predicted weight) reduces mortality in patients with 
acute respiratory distress syndrome. 

Avoidance of auto—positive end-expiratory pressure (and dynamic hyperinflation) often 
requires the use of permissive hypercapnia in patients with exacerbations of obstructive 
lung disease who are receiving invasive mechanical ventilation. 

Ventilation should be targeted to the patient’s baseline PCO, for patients with acute on 
chronic ventilatory failure. 

Protocol-driven approaches to daily spontaneous breathing trials and to sedation weaning 
shorten the duration of mechanical ventilation. 

Strength of cough, secretion burden, aspiration risk, and upper airway patency must be 
assessed in patients passing spontaneous breathing trials before removal of the 
endotracheal tube. 

Antibiotic courses of approximately 1 week are now recommended in most patients with 
ventilator-associated pneumonia, although infections due to resistant gram-negative 
organisms such as Pseudomonas may require longer treatment courses. 

The criteria for severe sepsis require evidence of one sepsis-induced organ dysfunction, 
such as hypoxemia, shock, delirium, thrombocytopenia, or rising serum creatinine or 
bilirubin level. 

Recent studies indicate an advantage to shorter antibiotic regimens for some sites of 
infection (1 week for ventilator-associated pneumonia) over traditionally longer courses 
(10 to 14 days). 

In community-acquired pneumonia, as few as 5 days of antimicrobial therapy may be 
sufficient as long as the patient has been afebrile at least 48 hours before therapy is 
discontinued. 

Drotrecogin alfa (activated protein C) therapy should be considered in patients with all of 
the following: septic shock requiring vasopressors despite fluid resuscitation and sepsis- 
induced ARDS requiring mechanical ventilation and any two sepsis-induced 
dysfunctional organs 

Replacement-dose hydrocortisone is not recommended routinely for patients with septic 
shock who achieve a systolic blood pressure of at least 90 mm Hg with fluids and 
vasopressors. 

After stabilization, the transfusion threshold in patients with sepsis should be a 
hemoglobin concentration of 7 g/dL (70 g/L) with the exception of older patients with a 
history of myocardial infarction and uncorrected coronary anatomy. 

Intensive care unit—acquired weakness is common, is typically diagnosed based on serial 
physical examinations, and is associated with systemic inflammation, prolonged 
immobilization, and use of systemic corticosteroids and neuromuscular blockers. 

In the initial assessment of patients with suspected inhalation injury, measurement of 
arterial blood gases is useful to determine the extent of hypoxia, hypercarbia, and 
acidosis. 

Patients with anaphylaxis who present with moderate or severe symptoms should be 
observed and monitored in the intensive care unit for at least 12 hours for the 
development of delayed or protracted reactions. 


e Inpatients who present with hypertensive crisis, the mean arterial pressure should be 
lowered by no more than 25% in the first hour of treatment and subsequently decreased 
to systolic levels of 160 mm Hg and diastolic levels between 100 and 110 mm Hg in the 
next 2 to 6 hours. 

e The neuroleptic malignant syndrome is a life-threatening disorder caused by an 
idiosyncratic reaction to neuroleptic tranquilizers (dopamine D»-receptor antagonists) and 
some antipsychotic drugs, especially haloperidol and fluphenazine. 

e Patients remaining unconscious after out-of-hospital cardiac arrest from ventricular 
fibrillation or nonperfusing ventricular tachycardia should be cooled to 32.0 to 34.0 °C 
(89.6 to 93.2 °F) for at least 12 hours to optimize neurologic recovery and possibly 
survival. 

e Intensive care unit delirium is independently associated with longer lengths of stay and 
rehospitalization, higher mortality rates, higher costs of care, and a nearly 10-fold higher 
rate of cognitive impairment at hospital discharge. 

e The Confusion Assessment Method for the ICU (CAM-ICU) is a bedside tool that takes 
less than 1 minute to administer and is 95% sensitive for the diagnosis of delirium. 

e Unlike delirium, which usually resolves in days, intensive care unit—associated 
neuropsychologic dysfunction may persist for months and is functionally similar to an 
acquired dementia. 

e Prolonged mechanical ventilation and coagulopathy are the two most important risk 
factors for developing stress ulcers. 

e Prophylactic agents, which include antacids, H2-antihistamines, sucralfate, and proton 
pump inhibitors, decrease significant bleeding from stress ulcerations but have not been 
shown to decrease mortality rates. 

e Patients in the intensive care unit generally require 25 to 30 nonprotein kcal/kg/d and 1.0 
to 1.5 protein kcal/kg/d to meet the energy expenditures associated with critical illness. 

e It has been shown that a structured family conference that combines communication with 
a brochure on bereavement reduces anxiety, depression, and posttraumatic stress disorder 
symptoms among family members of patients in the intensive care unit. 
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Recognizing the Seriously Ill Patient 


Recognizing serious illness can be challenging in patients with little comorbidity whose 
condition may not seem immediately unstable. Manifestations of instability may be nonspecific 
but usually reflect organ hypoperfusion, including mental status changes (confusion, agitation, 
coma), decreased urine output, skin changes (pallor, sweating, cyanosis, or cool extremities), and 
abnormal vital signs (especially hypotension, tachycardia, tachypnea, and hyper- or 
hypothermia). Shortness of breath, nausea, vomiting, and chest pain may also be present. The 
presenting signs and symptoms, although nonspecific, are usually very sensitive and indicate that 
immediate action needs to be taken. In the initial evaluation of the unstable patient, a brief 
directed history should be obtained at the bedside. The primary physical examination should 
immediately assess airway, breathing, circulation, and level of consciousness. Chart review 
focuses on the patient’s history and hospital course, medications, and the vital signs preceding 


the event. Initial treatment should correct any abnormalities. Often these initial therapies consist 
of rapid resuscitation with intravenous fluids and administration of oxygen. Adjunct laboratory 
tests may include a bedside plasma glucose determination and measurement of venous or arterial 
blood gas levels. Adjunct treatments that also provide diagnostic information include naloxone 
and dextrose (D50) administration, which is appropriate in some patients with decreased 
consciousness. After the vital signs have stabilized to an acceptable level with treatment, a more 
detailed secondary evaluation of the patient should be done to make an accurate diagnosis. 
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Respiratory Failure 


Patients are admitted to the intensive care unit (ICU) for monitoring and management of 
respiratory insufficiency for three basic conditions: (1) hypoxemic respiratory failure; (2) 
ventilatory, or hypercapnic, respiratory failure; and (3) impaired upper airway. However, often 
more than one of these factors contributes to respiratory failure. Calculation of the alveolar- 
arterial difference (A-a gradient) can be useful in discerning the primary mechanism of 
respiratory failure (Table 38). 


Table 38. Pathophysiology and Correction of Common 
Causes of Hypoxemia 


Clinical Gas Exchange A-a Oxygen Corrects with ¢ Corrects with 
Situation Derangement Difference’ Ventilation | Supplemental Oxygen 
High altitude Low inspired arterial Normal Partially Yes 
PO2 
Narcotic Hypoventilation Normal Yes Yes 
overdose 
Asthma, Low V/Q Widened No Yes 
COPD 
ARDS, heart Shunt Widened No No 
failure 


A-a = alveolar to arterial; ARDS = acute respiratory distress syndrome; COPD = chronic 
obstructive pulmonary disease; PCO; = arterial carbon dioxide tension; PO = arterial oxygen 
tension; V/Q = ventilation/perfusion. 


“A-a difference is the difference between predicted alveolar oxygen and measured arterial 


oxygen. At sea level, the A-a gradient is calculated as follows: (150 mm Hg — PCO2/0.8) — PO2 
(less than 10 if intrapulmonary gas exchange is normal). 
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Hypoxemic Respiratory Failure 


Acute hypoxemic respiratory failure is recognized by an acute fall in PO2 or oxyhemoglobin 
saturation (for example, a PO? to less than or equal to 60 mm Hg or PO>/fraction of inspired 
oxygen [FiO,] less than or equal to 200 [PO> less than 200 on 100% oxygen or less than 100 on 
50% oxygen]). In pure hypoxemic respiratory failure, the PCOz is typically normal or reduced. 
Conditions causing acute hypoxemic respiratory failure include alveolar collapse and flooding 
with fluid, pus, or blood. Continued perfusion of these unventilated lung units can lead to 
profound, refractory hypoxemia that does not adequately correct with increased alveolar 
ventilation or supplemental oxygen. Rather, hypoxemia is reversed by application of positive 
end-expiratory pressure (PEEP) to the lung, which opens up, or “recruits,” flooded or collapsed 
alveoli. 
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Acute Lung Injury and the Acute Respiratory Distress 
Syndrome 


Acute lung injury (ALI) is a noncardiogenic form of pulmonary edema characterized by acute 
and persistent lung inflammation and increased vascular permeability. Diffuse inflammatory 
injury of the alveolar epithelial cells and capillary endothelial cells results in leakage of fluid, 
protein, and inflammatory cells into the interstitium and alveoli. The pathologic correlate is 
diffuse alveolar damage, but the diagnosis typically is made clinically rather than histologically 
(Table 39). 


ALI causes hypoxemic respiratory failure, defined by a PO2/FiO> less than or equal to 300. The 
subset of patients with ALI who have severe hypoxemia (PO2/Fi0> less than or equal to 200) is 
considered to have the acute respiratory distress syndrome (ARDS). In addition to a decreased 
PO2/FiO> ratio, the diagnosis of either ALI or ARDS requires the presence of bilateral pulmonary 
infiltrates on a chest radiograph and the absence of evidence to suggest increased left atrial 
pressure (for example, left ventricular dysfunction). 


There is substantial evidence that the routine use of pulmonary artery catheters for the 
management of medical ICU patients (including those with ARDS) offers no survival benefit. 
Therefore, the exclusion of cardiogenic edema increasingly relies on clinical, laboratory, and 
echocardiographic evaluation to exclude left ventricular dysfunction rather than measurement of 
the pulmonary capillary wedge pressure. More than 60 disorders can precipitate ALI and ARDS 
by either direct insult to the lung or by marked systemic inflammation elsewhere in the body that 
releases mediators that can cause pulmonary capillary leak (and also affect multiple organs). 
Sepsis is the most common cause of ARDS and must be considered in any patient who develops 
ARDS in association with a new fever or hypotension or who is at risk for a serious infection. 
Pneumonia is the most common cause of ARDS in patients outside of the hospital. About one 
third of hospitalized patients who aspirate gastric contents develop ARDS. Signs and symptoms 
typically manifest within 24 to 48 hours of the inciting event. 


Table 39. Diagnostic Criteria for Acute Lung Injury 


Acute Onset 

Less than 48 hours 

Bilateral infiltrates 

Absence of heart failure 

No clinical evidence of increased left atrial pressure 
Pulmonary capillary wedge pressure <18 mm Hg if available 
Reduced PO2/Fi02 

201-300 for acute lung injury 

<200 for acute respiratory distress syndrome 


FiO, = fraction of inspired oxygen; PO, = arterial oxygen tension. 
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Heart Failure 


Left ventricular dysfunction can result in acute onset of bilateral pulmonary infiltrates that are 
radiographically indistinguishable from ALI. Differentiating cardiogenic from noncardiogenic 
edema has important clinical implications because the hypoxemia associated with cardiogenic 
edema may rapidly improve with aggressive diuresis combined with temporizing measures such 
as noninvasive positive pressure ventilation (NPPV). 
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Ventilatory (Hypercarbic) Respiratory Failure 


Ventilatory respiratory failure refers to inadequate alveolar ventilation, but the airways and 
alveoli are not collapsed or flooded as in hypoxemic respiratory failure. The primary 
manifestation of ventilatory failure is hypercapnia. Hypoxemia may also occur because of V/Q 
mismatch or hypoventilation and a failure to replenish alveolar oxygen. Elevation of PCO? arises 
from increased carbon dioxide production (VCO2), decreased alveolar ventilation (V4), or both 
according to the following equation: 


Poo, =(VCo, x k) Va (where k is a constant = 0.863) 


Fever and increased mechanical work of breathing are important clinical causes of elevated 
VCO, whereas decreased respiratory drive, weakness of respiratory muscles, and elevated dead- 
space ventilation (ventilated but underperfused lung units) contribute to reduced Va. 


Hypoxemic and ventilatory failure can be present concomitantly. For example, patients with 
severe ARDS have hypoxemic failure from shunt (perfused but underventilated lung units) but 
may also have hypercapnia due to increased VCO2 and markedly elevated dead-space ventilation. 
Dead-space ventilation, which normally constitutes less than 30% of each breath, can increase to 
over 60% in such patients, thereby exceeding the patient’s ability to maintain normal PCO? by 
increasing total minute ventilation. Elevation in dead-space ventilation is an independent 
predictor of mortality in ARDS. 
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Neuromuscular Disease 


Decreased ventilatory drive, impaired respiratory muscle strength, and chest wall disorders may 
cause ventilatory failure even in the absence of respiratory disease, an effect referred to as 
bellows failure. 
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Evaluation and Management of Respiratory Muscle 
Weakness 


There are other respiratory complications of neuromuscular weakness besides chronic ventilatory 
failure (Table 40). Cough is often impaired owing to weakness of expiratory muscles (the rectus 
abdominis being the most important). Upper airway patency, swallowing, and prevention of 
aspiration all depend on pharyngeal, bulbar, and laryngeal muscles. Management focuses on 
implementing assisted ventilation, airway clearance regimens, and interventions to minimize 
aspiration risk. Chest physiotherapy, including incentive spirometry, postural drainage, and 
manually and mechanically assisted cough, reduce the risk of mucous plugging, atelectasis, and 
pneumonia. An endotracheal tube more often in acute (and less often in chronic conditions) or a 
tracheostomy may be required to ensure a patent airway. 


In the ICU, serial bedside measurements of vital capacity and maximum negative inspiratory 
force are used to assess the need for mechanical ventilation in patients with neuromuscular 
disease. Patients with vital capacity less than 20 mL/kg, patients who cannot generate more than 
30 cm H20 of negative inspiratory force, or patients with declining values are at high risk for 
ventilatory failure. Serial pulmonary function tests and measurement of arterial blood gas levels 
may not be sensitive predictors of ventilatory failure in patients with bulbar dysfunction, who are 
prone to aspiration that can cause rapid deterioration regardless of test results. 


Table 40. Respiratory Complications of Neuromuscular 
Weakness 


Chronic ventilatory failure 
Pulmonary hypertension 
Atelectasis 

Aspiration 

Pneumonia 
Sleep-disordered breathing 
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Causes of Ventilatory Failure from Neuromuscular Disease 


Reduced Ventilatory Drive. Excessive sedation from a drug overdose is the most common 
cause of insufficient respiratory drive in the acute care setting. Patients with respiratory failure 
resulting exclusively from hypoventilation have a normal alveolar-arterial oxygen difference and 
need only increased alveolar ventilation to normalize gas exchange. Narcotics are potent 
respiratory depressants, but any sedating medication in sufficient quantity can cause ventilatory 
failure. The opioid antagonist naloxone reverses narcotic overdose but requires continuous 
intravenous infusion to achieve a sustained effect. Flumazenil reverses sedation from 
benzodiazepines and, like naloxone, has a short half-life. Stroke typically does not cause a 
decrement in ventilatory drive in the absence of elevated intracranial pressure or specific 
involvement of the brainstem. Severe hypothyroidism is an uncommon cause of hypoventilation. 


Spinal Cord Injury. The phrenic nerve arises from cervical spinal nerves 3, 4, and 5 (C3-C5). 
Like patients with other causes of diaphragm weakness, patients with spinal cord injuries require 
the use of abdominal muscles to move air in and out of the chest. As a result, they often have 
orthopnea and may have paradoxical abdominal movement during the respiratory cycle (in which 
the abdomen moves inward as the chest expands and vice versa). Complete injury at level C3 
and above results in long-term dependence on mechanical ventilatory support, whereas injuries 
in the C4 to C5 region cause variable degrees of diaphragmatic dysfunction. Many patients with 
acute C4-C5 injury initially require mechanical ventilation, but alleviation of cord inflammation, 
recruitment of accessory muscles, regained muscle strength, and transition from flaccid to rigid 
paralysis, which increases stability of the chest wall, allow for independent ventilation in most 
patients. 


Generalized Neuromuscular Weakness. Acute inflammatory demyelinating polyneuropathy 
(AIDP, Guillain-Barré syndrome) is the most common cause of respiratory failure from 
neuromuscular weakness in the acute care setting. AIDP produces respiratory failure in up to one 
third of affected patients. Myasthenia gravis is a relatively infrequent cause of acute ventilatory 
failure that occasionally resembles AIDP during initial presentation; usually, the diagnosis is 
relatively straightforward because most patients have an established diagnosis of myasthenia 


gravis. Motor neuron disease (for example, amyotrophic lateral sclerosis) may also present with 
acute ventilatory failure, although again, most patients have well-established disease. Botulism 
remains an important cause of acute ventilatory failure worldwide but is rare in the United States. 
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Restrictive Lung Disease 


e Extrapulmonary 
e Pulmonary 
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Extrapulmonary 


The mechanical work of breathing is markedly increased in some disorders, thereby precipitating 
ventilatory failure even in the absence of intrinsic lung disease or weakness. Such patients have a 
restrictive pattern on pulmonary function tests. These disorders include chest wall diseases such 
as kyphoscoliosis, morbid obesity, large pleural effusions, and elevated intra-abdominal pressure 
from ascites, bowel edema, or intraoperative gas insufflation. Kyphoscoliosis cannot be 
surgically corrected in adults, but affected patients are suitable candidates for NPPV, particularly 
at night when accessory muscle compensation is not as effective. Patients with extrapulmonary 
causes of restriction who develop infection or other acute illnesses may experience sudden 
declines in ventilatory function resulting in the need for intensive care. 
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Pulmonary 


Ventilatory failure due to fibrotic lung disease typically is accompanied by severe hypoxemia 
and carries a poor prognosis. Exacerbation of idiopathic pulmonary fibrosis, which is 
characterized by diffuse alveolar damage superimposed on fibrosis, is increasingly recognized as 
a cause of death in patients with even mild baseline decrements in pulmonary function tests (see 
also Diffuse Parenchymal Lung Disease). 
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Obstructive Lung Disease 


e Pathophysiology 


e Medical Management of Obstructive Ventilatory Failure 
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Pathophysiology 


The cause of acute ventilatory failure in patients with exacerbations of asthma or chronic 
obstructive pulmonary disease (COPD) is increased airway resistance and also dynamic 
hyperinflation that reduces chest-wall compliance. Both contribute to excessive work of 
breathing. Bronchospasm, airway edema, and secretions, as well as excessive expiratory airway 
collapse, can severely reduce airway diameter, resulting in markedly prolonged expiration. 
Increased respiratory drive and high metabolic demands increase minute ventilation, and there is 
incomplete expiration between breaths. Progressive stacking of breaths leads to an equilibration 
at a higher lung volume with higher positive end-expiratory alveolar pressure (auto-PEEP or 
intrinsic PEEP), associated with dynamic air trapping and hyperinflation. The associated 
flattening of the diaphragm decreases its function and forces greater reliance on accessory 
muscles, further increasing carbon dioxide production and oxygen consumption as a result of the 
inefficiency of these muscles compared with a properly functioning diaphragm. Severe air 
trapping can also cause alveolar rupture and marked reductions in venous return to the right 
heart, resulting in pneumothorax and hypotension, respectively. The presence of high airway 
resistance, decreased chest-wall compliance from overinflation, and elevated dead-space 
ventilation at baseline makes patients with advanced COPD particularly vulnerable to ventilatory 
failure during exacerbations. The work of increasing minute ventilation is too high, and the 
respiratory muscles fatigue. Upper airway disease is a less commonly encountered cause of 
obstructive ventilatory failure. Specific conditions include upper airway infection (for example, 
Ludwig angina) as well as angioedema associated with trauma, food allergy, angiotensin- 
converting enzyme inhibitor therapy, or C1 inhibitor deficiency. 
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Medical Management of Obstructive Ventilatory Failure 


Nearly 25% of COPD exacerbations result in hospitalization, and the mortality rate among 
patients requiring ICU admission is approximately 25%. Heart failure, pneumonia, 
pneumothorax, and pulmonary embolism should also be considered during the assessment of 
patients with COPD and ventilatory failure. Medical management is addressed in the chapter on 
Chronic Obstructive Pulmonary Disease, and noninvasive and invasive mechanical ventilation 
for an acute exacerbation are addressed below. 


Some patients with life-threatening asthma exacerbations may not appear severely ill and then 
quickly decompensate. Serial spirometry or measurement of peak expiratory flow can distinguish 
deceptively severe and rapidly improving exacerbations. Patients with persistent FEV, or peak 
expiratory flow less than 40% of predicted after 1 hour of aggressive bronchodilator therapy are 


candidates for ICU admission. Patients with severe respiratory distress in whom pulmonary 
function tests cannot be reliably done should receive maximal medical support and possibly 
mechanical ventilation without delay. 


Typically, patients with an asthma exacerbation initially present with respiratory alkalosis. 
Slightly elevated or even normal PCO, levels often indicate impending respiratory arrest rather 
than recovery, and clinical correlation is critical for interpreting arterial blood gas findings in this 
setting. 


Treatment of an asthma exacerbation focuses initially on reversal of hypoxemia and 
bronchoconstriction with oxygen and bronchodilators (Table 41). Severe exacerbations typically 
cause mild to moderate hypoxemia, and oxygen requirements beyond 3 to 4 L/min by nasal 
cannula should prompt an evaluation for pneumonia, heart failure, and pulmonary embolism. 
High-dose inhaled short-acting B2-agonists are the first-line treatment for bronchoconstriction. 
Early use of anticholinergic agents appears to offer a modest degree of bronchodilation beyond 
that achieved with B2-agonists alone. Systemic corticosteroids are recommended for all patients 
requiring admission. 


Although there is little evidence to support routine use of magnesium sulfate or helium-oxygen 
mixtures (heliox), both treatments are safe and may offer significant benefit to the most severely 
affected patients. Treatment with methylxanthines, antibiotics, aggressive hydration, mucolytic 
agents, chest physiotherapy, or sedatives is not recommended unless dictated by atypical clinical 
factors unique to the patient. 


Indications for mechanical ventilation include decreased level of consciousness, agonal 
respirations, and increasing work of breathing and fatigue despite at least 1 hour of aggressive 
bronchodilator therapy. 


Table 41. Initial Management of Life-threatening Asthma 
Exacerbations 


Established Interventions" Comment 
Inhaled bronchodilators 
High-dose selective short- | For example, albuterol, 2.5 mg by nebulizer every 20 min x 3, 


acting B-agonist then 2.5 to 10 mg every 1 to 4 hours as needed 
Anticholinergic agent For example, ipratropium bromide, 0.5 mg every 20 min x 3, then 
as needed 
Systemic corticosteroids For example, methylprednisolone, 60 mg intravenously daily 
Supplemental oxygen Titrate to keep oxygen saturation >90% 
Adjunct Interventions” 
Magnesium For example, magnesium sulfate, 2 g intravenously x 1 
Heliox 60% helium:40% oxygen 


Noninvasive ventilation Limited reported clinical experience 


“Supported by randomized trials and uniformly included in treatment guidelines. 


PLess evidence to support use; inconsistently included in treatment guidelines. 
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Noninvasive Mechanical Ventilation 


NPPV consists of delivery of mechanically assisted positive airway pressure breaths without the 
use of an endotracheal tube or tracheostomy. In patients with new-onset respiratory failure, 
NPPV often entails the use of a ventilator that delivers breaths through a tight-fitting mask 
placed over the patient’s nose and/or mouth. Inspiratory and expiratory pressures are 
individualized based on patient tolerance and clinical status. The end-expiratory positive airway 
pressure (EPAP) that is applied splints the upper airway and recruits the lungs to a higher 
volume. EPAP is analogous to continuous positive airway pressure (CPAP) used for sleep apnea 
and to positive end-expiratory pressure (PEEP) used in a closed system in intubated patients on 
mechanical ventilation. EPAP reduces the work of breathing in patients with obstructive disease 
by counteracting auto-PEEP, thus decreasing the work of inspiration. When NPPV is used, an 
inspiratory positive airway pressure (IPAP) is also set. The difference between the IPAP and the 
set EPAP is the driving pressure that increases the size of each breath (or provides similar-sized 
breaths with less work) and improves overall minute ventilation and is analogous to pressure 
support used in a closed system in intubated patients on mechanical ventilation. 


PreviousNext 


Indications 


Noninvasive ventilation is being used increasingly in patients with acute respiratory failure to 
avoid endotracheal intubation as well as to facilitate weaning from invasive ventilation. There is 
now significant evidence identifying patients who are most likely to benefit from NPPV and/or 
CPAP. 
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Obstructive Lung Disease 


Based on multiple, randomized, controlled studies showing reduced need for intubation, 
shortened hospital stays, and decreased mortality rates, NPPV is now the standard of care for 
patients with moderate to severe COPD exacerbations. Although there is a physiologic rationale 
for using NPPV in patients with asthma exacerbations, there is only limited evidence supporting 
its use in this setting. Guidelines for asthma management do not consistently recommend a trial 
of NPPV in patients failing to respond to standard therapy. 
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Cardiogenic Pulmonary Edema 


CPAP improves gas exchange in heart failure by recruiting flooded alveoli as well as reducing 
preload and afterload. Various trials have found that CPAP reduces the need for intubation in this 
setting. Early studies of NPPV found an increased risk for myocardial infarction associated with 
its use. However, this risk was not substantiated in subsequent studies that indicated NPPV may 
be particularly beneficial in patients with heart failure and hypercapnia. 
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Immunosuppressed Patients 


Immunosuppressed patients are especially vulnerable to developing ventilator-associated 
pneumonia. Use of NPPV in patients with ventilatory failure who have had solid-organ 
transplantation and in patients with AIDS or hematologic malignancies has been shown to reduce 
the need for intubation and to reduce the mortality rate. The greatest benefit appears to be 
achieved with early initiation of treatment and in patients with single-organ failure. 
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Postoperative Patients 
CPAP reduces the need for intubation in patients with hypoxemic respiratory failure 


complicating abdominal surgery, presumably by reducing atelectasis. NPPV improves outcomes 
in patients with hypoxemic respiratory failure after lung resection. 
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Patient Selection 


Patients who are alert, cooperative, and able to protect their airway and who receive treatment 
before the onset of severe respiratory acidosis (pH less than 7.10) are the most likely to benefit 
from NPPV. There are also many contraindications to NPPV (Table 42). 


Table 42. Contraindications to Noninvasive Positive- 
Pressure Ventilation* 


Medical Instability 
Respiratory or cardiac arrest 
Severe respiratory acidosis (pH <7.10) 
Hemodynamic instability 
Cardiogenic shock 
Cardiac arrhythmia 
Upper gastrointestinal bleeding 
Unable to Protect Airway 
Excessive secretions 
Severe bulbar dysfunction 
Excessive somnolence/encephalopathy 
Mechanical Issues 
Unable to fit mask/large air leak 
Recent facial trauma or surgery 
Facial deformity 
Upper airway obstruction 


“Timing, severity, and clinical context are used to determine whether a contraindication is 
absolute or relative for many of the above factors. 
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Application 


A major challenge to the successful implementation of NPPV in critically ill patients is reaching 
physiologically beneficial pressures in a timely fashion with good patient tolerance. Generally, 
nasal masks, which allow the patient to speak, eat, and drink, are considered more comfortable, 
but oronasal (full face) masks, which are less likely to have air leaks, typically are used initially 
in unstable patients. 


Treatment is initiated with relatively low pressures and gradually titrated upward with close 
bedside monitoring of patient synchrony with the ventilator, comfort, relief of dyspnea, vital 
signs, tidal volumes, and gas exchange. Delivery of noninvasive ventilation via a ventilator 
designed for invasive mechanical ventilation offers the potential for greater oxygen delivery than 
bilevel devices used for sleep-disordered breathing, but the choice of ventilator is a secondary 
concern for most patients. Complications include pressure ulcers on the nasal bridge, mucosal 
pain, sinus congestion, and gastric insufflation (which is associated with inspiratory pressures 
greater than 20 cm H20). To reduce the risk of respiratory arrest, elective intubation should be 
considered in patients who do not respond to a 1- to 2-hour trial of noninvasive support. 
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Invasive Mechanical Ventilation 


The decision to intubate a patient is often based on such clinical factors as the patient’s clinical 
course and physiologic reserve, rather than a single absolute indication (Table 43). Patients with 
marked decrease in level of consciousness have poor control of their airway and often require 
intubation for support and to facilitate safe further assessment of their condition. Ventilator 
modes differ based on whether they deliver a preset volume, preset pressure, or a hybrid of 
volume and pressure. The volume-limited assist/control mode minimizes work of breathing and 
is routinely employed in patients requiring substantial ventilatory support. 


Table 43. Findings Suggestive of the Need for Invasive 
Mechanical Ventilation 


Clinical Parameters 

Lack of improvement after 2 hours of noninvasive positive-pressure ventilation 
Difficulty maintaining airway 

Decreased level of consciousness 

Narrowed upper airway 

Excessive secretions 

Impaired cough 

Hemodynamic instability 

Prominent accessory muscle use 

Laboratory and Ventilatory Parameters 

Severe respiratory acidosis (pH <7.20) 

Severe hypoxemia (PO2/Fi0O2 <200) 

Rise in PCO) >10 mm Hg 

Respiration rate >35/min 

Unable to generate negative inspiratory force >30 cm H2O 


PreviousNext 


Acute Respiratory Distress Syndrome 


The combination of decreased lung compliance, elevated dead-space ventilation, and profound 
hypoxemia makes invasive mechanical ventilation necessary in almost all patients with ARDS. 
Increasing PEEP corrects hypoxemia by recruiting flooded and collapsed alveoli. Positive- 
pressure breaths support ventilation and reduce the work of breathing. However, large tidal 
volumes can injure the lung by causing alveolar overdistention. 


The ARMA trial established that the use of low (6 mL/kg predicted weight) rather than standard 
(12 mL/kg predicted weight) tidal volumes reduced the mortality rate from 40% to 30%. The 
application of this lung protective ventilator strategy, which also targets an end-inspiratory 
passive recoil (plateau) pressure less than 30 cm H20, often requires permissive hypercapnia as 
well as the use of a high FiO? in patients with severe ARDS. The subsequent ALVEOLI study 
found that an “open-lung” strategy using higher levels of PEEP does not offer an advantage over 
lower PEEP levels sufficient to improve oxygenation. Increased vascular permeability is the 
primary cause of flooded alveoli in early ARDS and is directly related to hydrostatic pressure. 
Patients with ARDS are more likely to develop flooded alveoli at any level of hydrostatic 
pressure than normal persons. In an attempt to mitigate the effects of intravascular volume on 
increasing hydrostatic pressure in patients with ARDS, a recent study compared liberal and 
conservative fluid management in hemodynamically stable patients with acute lung injury and 
normal renal function and found no difference in survival, but the conservative strategy 
shortened the duration of mechanical ventilation and length of ICU stay without increasing 
nonpulmonary organ failure. The conservative fluid strategy targeted central venous pressure less 
than 4 mm Hg or pulmonary capillary wedge pressure less than 8 mm Hg. 


Whether systemic corticosteroids have a role in the management of ARDS remains controversial. 
A recent multicenter study found no benefit to corticosteroids in unresolving ARDS and possible 
harm when treatment was initiated beyond 2 weeks of the onset of ARDS. A subsequent smaller 
study found systemic corticosteroids initiated early (day 3 after the onset of ARDS) reduced the 
duration of mechanical ventilation and improved ICU survival. 


A minority of patients with ARDS develop life-threatening hypoxemia despite aggressive use of 
supplemental oxygen and PEEP. Inhaled nitric oxide reduces ventilation/perfusion mismatch in 
this setting but did not reduce mortality rates in clinical trials. Continuous prostacyclin by 
nebulization is a less expensive alternative to nitric oxide that also improves 
ventilation/perfusion mismatch but has not been shown to improve survival. 


Oxygenation improves in most patients with severe ARDS when they are placed in a prone 
position. Studies have found that repositioning patients did not reduce mortality, but it remains 
unclear whether the lack of efficacy was due to suboptimal patient selection and duration of 
repositioning. 
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Obstructive Lung Disease 


Patients with obstructive lung disease frequently require ventilator settings that allow for 
prolonged expiration. Severe airway obstruction limits expiratory flow rates and may prevent 
complete exhalation if sufficient time is not allowed before initiation of the subsequent breath. 
When incomplete exhalation occurs, positive pressure accumulates within the lung to create 
autologous positive end-expiratory pressure (auto-PEEP) and dynamic hyperinflation. This 
condition can be uncomfortable for the patient, impede synchronous patient efforts with the 
mechanical ventilator, increase the risk of barotrauma, and cause hypotension due to impaired 


venous blood return to the thorax. An examination of the airflow versus time waveform on the 
mechanical ventilator may help identify expiratory airflow that does not cease prior to the next 
inhalation (Figure 13). Checking end-expiratory pressure during an end-expiratory pause (that 
is, without airflow) will allow pressure to equalize between the alveoli and the airways and will 
confirm the presence of auto-PEEP. If hypotensions occur in this setting, it may be necessary to 
disconnect the endotracheal tube from the mechanical ventilator for several seconds to allow 
complete exhalation and the return of alveolar pressure to atmospheric pressure. The primary 
ventilator strategy in patients with obstructive disease who develop auto-PEEP is to 
accommodate the need for prolonged expiratory time by minimizing minute ventilation. This can 
be accomplished by lowering the tidal volume and/or respiratory rate. High inspiratory flow rates 
shorten inspiratory time and, to a modest degree, also allow more time for expiration. Depending 
on the patient’s baseline respiratory status, the need to minimize minute ventilation may require 
tolerating PCO: levels above baseline (permissive hypercapnia). 


Patients with COPD often present with acute-on-chronic hypercapnia, and minute ventilation is 
adjusted to achieve the patient’s baseline PCO, levels. Immediate correction of the PCO, to 
normal (35-45 mm Hg) can result in unmasking of severe alkalosis due to compensatory 
bicarbonate retention that has occurred in response to the chronic hypercarbia. Conversely, 
prolonged normalization of PCO? levels, with consequent loss of chronic renal compensation, 
results in acute respiratory acidosis during subsequent weaning trials when the patient’s Pcoz 
rises to baseline level. 


Markedly elevated airway pressures, severe dynamic hyperinflation, and ventilator dyssynchrony 
make the management of intubated patients with asthma particularly challenging. Typical 
ventilator strategies include a relatively low minute ventilation and permissive hypercapnia to 
manage the dynamic overinflation. Imposing permissive hypercapnia on patients with baseline 
normocarbia often requires heavy sedation and, occasionally, short-term use of neuromuscular 
blocking agents. 


Flow (L/min) 


Figure 13. Pressure-time curve of a mechanically ventilated 
patient. 
Note that positive end-expiratory pressure (PEEP) is being delivered by the mechanical 


ventilator, evidenced by the persistent pressure throughout expiration. A pause following the 
second expiration shown demonstrates the presence of intrinsic (auto) PEEP. 


A-B = inspiration; B = end of inspiration, beginning of exhalation; B-C-D = expiratory flow. 


Reproduced with permission from: Raoof S, Khan FA. Mechanical ventilation manual. 
Philadelphia. American College of Physicians, 1998. 
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Weaning 


NPPV may provide a means of shortening the time to extubation in patients with acute 
respiratory failure. One randomized study found early extubation directly to NPPV of 50 patients 
with exacerbations of COPD shortened ICU stays and improved survival. However, these 
benefits were not duplicated in subsequent studies, and this approach is suitable only for highly 
selected patients with acute on chronic respiratory failure. 


NPPV has also been used with mixed results in the postextubation management of patients 
initially intubated for respiratory failure who met standard weaning criteria. In a recent 
randomized controlled trial, patients who tolerated a spontaneous breathing trial but were 
deemed to be at increased risk for postextubation respiratory failure received either early 
prophylactic NPPV or standard care. Patients given early NPPV were less likely to develop 
respiratory failure after extubation and had lower ICU mortality. In contrast, two randomized 
studies found that NPPV is not efficacious and is possibly even harmful when used in patients 
who are already clinically deteriorating during a trial of extubation. The larger multicenter study 
was terminated early after an interim analysis found increased mortality in the NPPV group. 
Some reports indicate that patients with COPD with acute-on-chronic respiratory failure may 
benefit from “rescue” NPPV in this setting. 


Before a patient’s endotracheal tube is removed, it is important to determine whether the patient 
can maintain adequate gas exchange (ventilation and oxygenation) independent of the ventilator 
and whether the patient can maintain airway patency independent of the tube. Ventilator weaning 
protocols, which use systematic daily screening for potential weaning candidates followed by 
spontaneous breathing trials when appropriate, reduce the overall time on mechanical ventilation. 
A typical approach is to measure the rapid shallow breathing index (RSBI), which consists of the 
respiration rate divided by the tidal volume in liters, in all hemodynamically stable, sufficiently 
alert patients with a baseline oxygen saturation greater than 90% on Fio» less than or equal to 
0.40 and PEEP less than or equal to 5 cm H20. The RSBI is obtained while the patient is on a T- 
piece or receiving low levels of CPAP and/or pressure support. Patients with a RSBI less than 
105/min/L should undergo a 30- to 90-minute spontaneous breathing trial; if the trial is well 
tolerated, mechanical ventilation is no longer necessary. 


The multicenter Awakening Breathing Controlled (ABC) trial tested the results of linked 
sedation and ventilator weaning protocols using a “wake up and breathe” approach. In both 
groups, patients were given a targeted sedation strategy. All patients in the control group 
received daily spontaneous breathing trials (SBTs, consisting of CPAP ventilator settings) for 2 
hours to determine readiness for extubation. Patients on the ABC intervention were given 


spontaneous awakening trials (SATs as step A consisting of total cessation of sedation long 
enough to wake to verbal stimulus or tolerate for 4 hours) followed by SBTs as step B. The ABC 
“wake up and breathe” intervention resulted in a 3-day reduction of mechanical ventilation, 1- 
day reduction in coma, 4-day reduction in ICU and hospital stay, and 14% lower mortality rate at 
1 year (58% mortality rate in control group reduced to 44% in treatment group). This 
intervention resulted in a 50% reduction in the overall exposure to benzodiazepines. Whether this 
results in long-term neuropsychologic improvements in addition to the profound outcome 
improvement is now being investigated. 


Before the endotracheal tube is removed, it is also imperative to consider the patient’s strength of 
cough, secretion burden, aspiration risk, and upper airway patency. The use of NPPV to facilitate 
extubation or to prevent reintubation has produced mixed results. Tracheostomy improves patient 
comfort and facilitates weaning. Although there is a consensus that tracheostomy should be 
performed within 21 days of intubation, the optimal timing remains unclear. Increasingly, 
bedside percutaneous dilational tracheostomy is used in lieu of surgical placement, based on 
excellent reported outcomes. 
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Ventilator-associated Pheumonia 


Ventilator-associated pneumonia (VAP), which is defined as pneumonia with onset at least 48 
hours after the initiation of invasive mechanical ventilation, affects 10% to 25% of intubated 
patients and is associated with a 25% to 50% mortality rate. Placing intubated patients in a 
semirecumbent position (that is, elevation of the head of the bed to greater than 45 degrees) 
reduces the risk of VAP, as do interventions that shorten the duration of mechanical ventilation, 
including protocol-based weaning and daily sedation holidays. Avoidance of enteral feeding 
early in the course of illness and use of postpyloric feeding tubes may offer modest risk 
reduction. Studies have shown that selective decontamination of the digestive tract with 
antibiotics and subglottic suction catheters reduce VAP risk. Two randomized controlled trials 
showed that tracheobronchial colonization causing VAP occurred less often in patients whose 
mouths had been decontaminated with topical antibiotics. 


Although VAP cannot be reliably diagnosed strictly on clinical grounds, the optimal approach to 
the diagnosis is controversial. Earlier studies indicated that bronchoscopically obtained 
specimens for quantitative cultures have improved specificity for diagnosing VAP and reduced 
antibiotic use compared with routine culture of endotracheal aspirates. However, bronchoscopy 
is more expensive and may not be readily available. A recent randomized, multicenter 
comparison of treatment based on endotracheal aspirates and bronchoscopically derived samples 
in 650 patients found equivalent mortality, length of ICU stay, and days requiring mechanical 
ventilation. This study excluded immunosuppressed patients more apt to harbor resistant 
organisms. There is evidence that shortened antibiotic courses of approximately 1 week are 
sufficient, although infections due to resistant gram-negative organisms, such as Pseudomonas, 
may require longer treatment courses. 
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Sepsis 


The incidence of sepsis rises exponentially after age 65 to 70 years, and age-specific mortality 
rates are much higher in patients with baseline comorbidities, such as diabetes mellitus or heart 
disease. Sepsis is most common in men, nonwhites, and the elderly, with gram-positive 
organisms accounting for over 50% of all cases. 


The prognosis for a patient with severe sepsis can be approximated by adding 15% to 20% 
predicted mortality for each sepsis-induced dysfunctional organ. Another major prognostic 
indicator reported in recent studies is that patients with refractory septic shock (defined as having 
received multiple liters of volume replacement and still requiring vasopressor support to 
maintain a mean arterial blood pressure of 65 to 70 mm Hg or more) have a 28-day mortality rate 
in recent studies of 40% to 45%, which is improved from the 60% widely reported in previous 
years. 
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Pathophysiology 


Sepsis is a complex dysregulation of both inflammation and coagulation. Primary cellular injury 
may result directly from infection or when a toxic microbial stimulus initiates a deleterious host 
inflammatory response. A network of inflammatory mediators are generated, including tumor 
necrosis factor (TNF)-a, interleukin-1 (IL-1), and other cytokines and chemokines that activate 
leukocytes and promote leukocyte-vascular endothelial adhesion and damage. Endothelial 
damage leads to tissue factor expression and activation of the tissue factor—dependent clotting 
cascade and subsequent formation of thrombin. The result is the development of microaggregates 
of fibrin, platelets, neutrophils, and erythrocytes with impairment of capillary blood flow and 
decreased oxygen and nutrient delivery to tissues. Higher levels of circulating and intracellular 
TNF-a, IL-1, IL-6, and soluble adhesion molecules, which are markers for activated or damaged 
endothelium, have been detected in older patients with sepsis. Increasing age even in the absence 
of sepsis is associated with rising circulating levels of IL-6, D-dimers, activated coagulation 
factor VIL, and other coagulation factors, indicating activation of inflammatory and coagulation 
pathways. 
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Diagnosis 


The diagnostic criteria for sepsis are the presence of a known or suspected infection (documented 
positive cultures are not required) and the presence of at least two of the following criteria for the 


systemic inflammatory response syndrome: temperature greater than 38.0 °C (100.4 °F) or less 
than 36.0 °C (96.8 °F), leukocyte count greater than 12,000/uL (12 x 10°/L) or less than 4000/uL 
(4 x 10°/L), respiration rate greater than 20/min, and heart rate greater than 90/min. The criteria 
for severe sepsis require evidence of one sepsis-induced organ dysfunction, such as hypoxemia, 
shock, delirium, thrombocytopenia, or rising serum creatinine or bilirubin level. However, vital 
signs and leukocyte abnormalities are not always sensitive in older patients or 
immunosuppressed patients. For example, fever may be blunted or absent in approximately 15% 
of older patients with bacteremia compared with less than 5% of patients younger than 65 years. 
The index of suspicion for sepsis must be high (especially in older patients) when any of the 
following nonspecific clinical signs or symptoms of infection are present: delirium, weakness, 
anorexia, malaise, urinary incontinence, or falls. Various biologic markers of sepsis have been 
studied, for example, procalcitonin, C-reactive protein, and IL-6, but none of them has been 
validated for routine clinical use. Microbiologic findings are also useful, and culture specimens 
must be obtained from the suspected site of infection. Blood cultures should always be obtained, 
even though only one in three patients with sepsis has a positive blood culture and only two in 
three have positive cultures from any site. 
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Management of Sepsis 


e Source Control and Antibiotic Therapy 

e Assessment and Management of Septic Shock 
e Activated Protein C 

e Corticosteroids 

e Glucose Control 

e Transfusion Strategies 

e Mechanical Ventilation in Sepsis 

e Miscellaneous Issues 
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Source Control and Antibiotic Therapy 


The source of a patient’s sepsis should be identified and controlled by removing an infected 
central intravascular line or draining an abscess. Empiric antibiotic therapy should be initiated 
within 1 hour of recognition of sepsis after cultures have been taken from the blood and other 
suspected sites of infection. Inadequate initial antibiotic therapy is independently associated with 
poor outcomes, and initial empiric therapy should include agents with activity against all 
probable pathogens. Because of increasing antibiotic resistance, broad and early antibiotic 
therapy must be balanced with de-escalation against identified organisms and/or cessation of 
antibiotics once the infection has resolved. Recent studies indicate an advantage to shorter 
antibiotic regimens for some sites of infection (1 week for ventilator-associated pneumonia) over 


traditionally longer courses (10 to 14 days). In community-acquired pneumonia, as few as 5 days 
of antimicrobial therapy may be sufficient as long as the patient has been afebrile at least 48 
hours before therapy is discontinued. 
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Assessment and Management of Septic Shock 


Initial resuscitation of a patient with severe sepsis and septic shock should begin early, with a 
goal of maintaining adequate tissue perfusion. The defining features of inadequate tissue 
perfusion may include any of the following: low arterial or central venous pressure, tachycardia, 
tachypnea, central venous oxygen saturation less than 70%, oliguria, acidosis, delirium, cold 
extremities, and livedo reticularis. 


When caring for a patient in shock, causes other than sepsis should be considered, such as 
cardiogenic, hypovolemic, anaphylactic, and neurogenic shock. When the cause is unclear, 
bedside echocardiography may help differentiate shock caused by a pulmonary embolism (right 
ventricular dilation), acute myocardial infarction (focal wall motion abnormalities), hypovolemia 
(poorly filled hyperdynamic left ventricle), and sepsis (global decrease in contractility). In 
patients with known or suspected infection, persistent hypotension despite adequate fluid 
resuscitation mandates the use of vasopressors. Because of volatile changes in blood pressure 
that may occur in septic shock, arterial cannulation may be used for continual monitoring of 
blood pressure and titration of vasopressor therapy. In addition, central venous catheters are 
needed to infuse vasopressors. 


Most patients need at least 4 to 6 L of intravascular volume replacement within the first 6 hours, 
and one of the biggest pitfalls of management is underestimating the intravascular volume 
deficit. Patients with sepsis typically have an elevated cardiac index and low systemic vascular 
resistance as well as a low pulmonary artery occlusion pressure. These parameters have 
traditionally been measured by pulmonary artery catheterization, with titration of fluids to target 
wedge pressures and delivery of blood or inotropic agents to drive oxygen delivery to 
supraphysiologic levels; however, at least four international landmark studies have now shown 
that neither pulmonary artery catheterization nor use of specific protocols that incorporate data 
from such catheters yields superior outcomes in most patients. Aggressive resuscitation delivered 
for 6 hours in an emergency department has generated renewed interest in determining the best 
and most balanced approach. This emergency department protocol involves the insertion of a 
special type of central venous line used to measure and titrate the central venous oxygen 
saturation above 70%, a practice that has not been widely adopted but is being subjected to other 
confirmatory trials. 


Whether to use crystalloid or colloid is controversial, with normal saline being the fluid of choice 
in most patients. Albumin or other colloid infusions are sometimes used in situations of low 
oncotic pressure and extensive third-spacing. Vasopressor therapy with norepinephrine, 
vasopressin, or dopamine may be necessary when appropriate fluid challenge fails to restore 
adequate tissue perfusion or during life-threatening hypotension, but no trials have established a 


single superior approach to handling initial vasopressor choice. Bicarbonate infusions have not 
been shown to be helpful in refractory shock, even in the presence of lactic acidosis and are used 
only in patients with severe shock. 
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Activated Protein C 


More than 90% of patients with sepsis have acquired thrombophilic and inflammatory 
derangements. Administration of the body’s natural anticoagulants with anti-inflammatory 
properties has been tested in patients with severe sepsis. Protein C is an endogenous protein that 
is predominantly “unactivated” in the circulation, becoming “activated” by thrombin- 
thrombomodulin complexes and the endothelial protein C receptor. Activated protein C inhibits 
thrombin formation by blocking coagulation factors Va and VIIa, enhances fibrinolysis of 
microthrombi by inhibiting plasminogen activator inhibitor-1, reduces release of inflammatory 
mediators and cellular adhesion molecules, stabilizes endothelial injury, and alters apoptosis. 
Endogenous activation of protein C is impaired in sepsis. 


Drotrecogin alfa (activated protein C) is approved by the U.S. Food and Drug Administration 
and international regulatory authorities for patients with severe sepsis who are at high risk for 
death. In a phase III trial in which patients were followed for 2.5 years, severely ill patients 
treated with activated protein C had a higher survival rate (45.6%) than those treated with 
placebo (33.8%, P = 0.001, absolute risk reduction 12%, number needed to treat 8.5), whereas 
less severely ill patients treated with activated protein C had a lower survival rate; however, this 
rate was not significantly lower (59.2% vs. 63.8%, P = 0.2). A recent trial in patients at low risk 
of death was stopped early because of futility; activated protein C should not be given to septic 
patients at low risk of death (for example, those with only one dysfunctional sepsis-induced 
organ system). 


Drotrecogin alfa therapy should be considered in patients with all of the following: septic shock 
requiring vasopressors despite fluid resuscitation and sepsis-induced ARDS requiring 
mechanical ventilation, and any two sepsis-induced dysfunctional organs. The therapy is given 
as a continuous infusion for 96 hours and requires no titration for age or liver or kidney function 
and no specific laboratory monitoring. 


Drotrecogin alfa therapy increases bleeding risk at rates similar to those of heparin. Serious 
bleeding increases by 1.5% to 2.5% above that expected with placebo, and intracerebral 
hemorrhage occurs in 0.6% of treated patients. Because the drug has a half-life of less than 15 
minutes, it can be stopped when bleeding occurs, and its anticoagulant effect usually remits 
within 1 hour without any specific antidote. Nonetheless, drotrecogin alfa is contraindicated in 
the presence of active bleeding, concurrent therapy with other anticoagulant drugs, and platelet 
counts less than 30,000/uL (30 x 10°/L), and in patients with risks of uncontrollable or central 
nervous system bleeding. Drotrecogin alfa therapy is expensive, but it is cost effective if used in 
appropriate patients. 
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Corticosteroids 


Replacement-dose hydrocortisone is no longer recommended routinely for patients with septic 
shock who achieve a systolic blood pressure of at least 90 mm Hg with fluids and vasopressors, 
although corticosteroids may be useful for patients with more profound, refractory shock. 
Although an early study reported improved mortality rates in patients with relative adrenal 
insufficiency who were treated with hydrocortisone and fludrocortisone, the landmark 
CORTICUS study failed to demonstrate any survival advantage for patients in septic shock with 
a systolic blood pressure of at least 90 mm Hg. Most patients with sepsis meet the CORTICUS 
criteria, and corticosteroid therapy would not be indicated. When such therapy is used, patients 
should be monitored for hyperglycemia, immunosuppression, poor wound healing, delirium, and 
ICU-acquired weakness. 
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Glucose Control 


Hyperglycemia is common in severe sepsis and may impair antimicrobial defense mechanisms 
and worsen the coagulopathy of sepsis. Intensive insulin therapy with a goal of maintaining 
plasma blood glucose levels between 80 (4.4 mmol/L) and 110 mg/dL (6.11 mmol/L) resulted in 
reduced mortality in one large randomized, controlled trial, but this survival advantage was not 
duplicated by a subsequent study of medical ICU patients. In addition, other multicenter studies 
have been stopped early because of hypoglycemia and other adverse events occurring more 
commonly in patients with tight glucose control. The recently reported NICE SUGAR study, a 
large international randomized trial, found that intensive glucose control increased the mortality 
rate in adults in the ICU; a glucose target of 180 mg/dL (9.99 mmol/L) resulted in lower 
mortality than did a target of 81 to 108 mg/dL (4.5 to 6.0 mmol/L). There is now a more modest 
goal of maintaining glucose levels below 150 mg/dL (8.33 mmol/L). 
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Transfusion Strategies 


Packed erythrocytes are often transfused into septic patients with tissue hypoperfusion marked 
by hypotension or lactic acidosis, active bleeding, profound anemia, or coronary artery disease. 
In the absence of these indications, erythrocyte transfusion strategies should be approached 
conservatively. A large, randomized trial showed that a target hemoglobin concentration of 7 to 9 
g/dL (70 to 90 g/L) resulted in no additional mortality compared with the traditional target of 10 
g/dL (100 g/L). Indeed, there was a trend toward improved outcomes in the conservatively 
transfused patients. However, in a study of 80,000 patients, older patients with myocardial 


infarction were shown to have higher survival rates when the hemoglobin concentration was 
maintained at 10 to 11 g/dL (100 to 110 g/L). After stabilization, the transfusion threshold should 
be a hemoglobin concentration of 7 g/dL (70 g/L) with the exception of older patients with a 
history of myocardial infarction and uncorrected coronary anatomy. 
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Mechanical Ventilation in Sepsis 


Many patients with severe sepsis require mechanical ventilation. A lung-protective (low tidal 
volume) strategy of ventilation is recommended in such patients. Mechanically ventilated 
patients should have the head of their bed raised to 45 degrees to reduce the risk of ventilator- 
associated pneumonia. To reduce time on mechanical ventilation and in the ICU and hospital, a 
protocol-driven “linked” sedation and ventilator weaning strategy should be used. 
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Miscellaneous Issues 


Other important aspects of the management of sepsis include prophylaxis for deep venous 
thrombosis with low-dose unfractionated heparin, low-molecular-weight heparin, or mechanical 
prophylactic devices and prevention of stress ulcers with H2-receptor blockers or proton pump 
inhibitors. 
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Emergent Disorders in Critical Care 


e Intensive Care Unit—acquired Weakness 


e Acute Inhalational Injuries 
Anaphylaxis 

Hypertensive Emergencies 
Hyperthermic Emergencies 


Hypothermic Emergencies 
Poisonings and Overdoses 


Rhabdomyolysis 
Acute Abdominal Surgical Emergencies 
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Intensive Care Unit—acquired Weakness 


More than 50% of patients with sustained critical illness are believed to have weakness due to 
axonal neuropathy and primary myopathy (independent of neuropathy). Patients typically have 
generalized, flaccid weakness and difficulty weaning from mechanical ventilation. 
Distinguishing neuropathy from myopathy is often difficult in critically ill patients; therefore, the 
term I[CU-acquired weakness is used to encompass the previously described entities of critical- 
illness myopathy and critical-illness neuropathy. There is controversy over the best evaluation 
for ICU-acquired weakness. One approach is to base the diagnosis on serial examinations and to 
limit testing for alternative causes of weakness to patients with persistent, fixed, or focal 
neurologic deficits. Other proposed diagnostic algorithms incorporate nerve conduction studies 
and electromyography. Although ICU-acquired weakness is thought to result primarily from 
systemic inflammation, other potential risk factors include immobilization and exposure to 
systemic corticosteroids and neuromuscular blocking agents. ICU-acquired weakness increases 
overall mortality and can cause prolonged disability. However, many patients recover rapidly 
over weeks. 
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Acute Inhalational Injuries 


About 50% of all deaths in burn injuries are related to inhalation injury. Morbidity and mortality 
increase when burn injury is associated with smoke inhalation. Early hypoxemia is predictive of 
poor outcome. Early thermal injuries are most common with steam (usually confined to the 
upper airway) and findings of rhinitis, pharyngitis, laryngitis, tracheitis, and bronchitis. 
Continued exposure to steam can produce distal parenchymal injury and pulmonary edema. 


Smoke is extremely complex and can contain various toxins. Many of the less soluble toxins can 
cause distal bronchiolitis and alveolitis. Clinical features indicating smoke inhalation include any 
of the following: facial burns, soot marks, singed eyebrows or facial hair, hoarseness, stridor, or 
carbonaceous sputum. The full extent of airway compromise may not be evident until 12 to 24 
hours after the initial injury. Soot deposition of particulate matter from combustion causes 
immediate airway irritation and reflex bronchoconstriction. Initial symptoms may vary from mild 
airway irritation with cough and tachypnea to acute respiratory failure. Although most patients 
recover from the initial insult, many subsequently develop bacterial pneumonia, usually within 4 
to 5 days. The degree of recovery depends on the duration of exposure and the type of smoke, 
which together determine the extent of proximal airway and distal pulmonary parenchymal 
injury. Residual tracheal stenosis, reactive airways disease, bronchiectasis, bronchiolitis 
obliterans, and interstitial fibrosis may occur. Hypoxic damage to other organs can result in 
multiorgan system failure, sepsis, and death. Neurologic impairment may result from hypoxic 
damage or may reflect carbon monoxide or cyanide toxicity. 


Inhalation of asphyxiants, such as carbon monoxide, hydrogen cyanide, nitrogen, and methane, 
causes impaired oxygen delivery and tissue hypoxia. Carbon monoxide poisoning is responsible 


for up to 80% of all deaths associated with fires and inhalation injuries (see Carbon Monoxide 
Poisoning in Poisonings and Overdoses below). Cyanide toxicity results from fires involving 
incomplete combustion of plastics and acrylics. One third of patients with smoke inhalation from 
domestic fires have high blood levels of cyanide (see Cyanide Poisoning in Poisonings and 
Overdoses). In the initial assessment of patients with suspected inhalational injury, measurement 
of arterial blood gases is useful to determine the extent of hypoxia, hypercarbia, and acidosis. 
Cutaneous pulse oximetry readings are falsely elevated if carboxyhemoglobin levels are 
increased, whereas the percentage of oxyhemoglobin measured by arterial CO-oximetry is an 
accurate measure of the arterial oxygen saturation. The CO-oximeter measures absorption at 
several wavelengths to distinguish oxyhemoglobin from carboxyhemoglobin and determine the 
oxyhemoglobin saturation. 


Radiographic evidence of pulmonary injury typically appears 24 to 36 hours after injury. Direct 
laryngoscopy and fiberoptic bronchoscopy can be used to assess the extent of tracheal and 
parenchymal edema and burns. Treatment of all patients with inhalational injury includes 
supportive care with fluids and early enteral feedings, especially if burns are present. Laryngeal 
edema is treated with aerosolized racemic epinephrine, which is more active topically because of 
slower absorption. Bronchospasm is treated with inhaled bronchodilators. Management often 
requires aggressive pulmonary toilet, frequent chest physiotherapy, and repeated bronchoscopy. 
Antibiotics should be administered if there is coexistent infection; most secondary pneumonias 
are caused by Staphylococcus aureus and Pseudomonas aeruginosa. Prophylactic antibiotics and 
corticosteroids have been shown to increase infections with resistant organisms. If cyanide 
toxicity is suspected, oxygen and sodium thiosulfate should be given. Although nitrites can be 
used to treat cyanide toxicity, care must be taken because nitrites convert hemoglobin to 
methemoglobin. This may worsen carbon monoxide toxicity if there is co-existing 
carboxyhemoglobinemia. 
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Anaphylaxis 


Anaphylaxis is a life-threatening allergic reaction associated with cutaneous, respiratory, 
cardiovascular, or gastrointestinal manifestations resulting from exposure to an offending agent 
(Table 44). Food allergies are the leading cause of anaphylaxis. The frequency of anaphylaxis is 
increasing, a fact that has been attributed to the increased number of potential allergens to which 
people are exposed. The true incidence of anaphylaxis is unknown, partly because of the lack of 
a precise and uniform definition of the disorder. Fatal anaphylaxis is rare. Although it occurs in 
all age groups, the elderly have the highest mortality rate. 


In anaphylaxis, a foreign protein is the antigen that, on initial exposure, activates IgE antibody on 
mast cells and basophils. Clinical manifestations result from the release of immune mediators 
from the mast cells and basophils, including histamine, leukotrienes, tryptase, and 
prostaglandins. Although prior exposure is essential for the development of true anaphylaxis, 
reactions occur even when prior exposure has not been documented. Factors influencing the 
severity of a reaction include degree of host sensitivity and dose, route, and rate of 


administration of the antigen. The faster a reaction develops, the more severe it is likely to be. 
Parenteral exposures tend to result in faster and more severe reactions. Most reactions occur 
within minutes to hours after exposure, but symptoms may begin as long as 3 to 4 days after 
exposure. 


The manifestations of anaphylaxis vary in intensity. Patients commonly are restless because of 
severe pruritus from urticaria. The level of consciousness may be depressed, or the patient may 
be anxious or agitated. The classic skin manifestation is urticaria. Local erythema at the site of an 
insect bite or diffuse erythema and edema may also occur. Local reactions, even if severe, are not 
predictive of systemic anaphylaxis on reexposure. Angioedema may occur with marked edema 
of the tongue and lips that may obstruct the airway. Upper airway edema may cause hoarseness 
or stridor. Complete airway obstruction is the most common cause of death in anaphylaxis. 
Wheezing is common when patients have lower airway compromise from bronchospasm or 
mucosal edema. Tachycardia usually is present, but bradycardia may occur in very severe 
reactions. Hypotension, cardiovascular collapse, or respiratory arrest may occur in severe 
reactions. Shock may occur without prominent skin manifestations or a history of exposure; 
therefore, anaphylaxis is part of the differential diagnosis for patients who present with shock 
and no obvious cause. Although the diagnosis of anaphylaxis is almost always made clinically, 
elevated urine and serum histamine and plasma tryptase concentrations may help support the 
diagnosis. 


Table 44. Causes, Pathogenesis, Diagnosis, and Prophylaxis 
of Anaphylaxis 


Cause Pathogenesis Diagnostic Test Prophylaxis 
Drugs IgE antibody Skin test Avoidance 
Foods In vitro IgE antibody Desensitization 
assay 
Insect stings Immunotherapy 


Allergenic extracts 
Hormones 
Seminal fluid 
Latex 


Cold urticaria 


Radiocontrast media Complement None Premedication with 
activation antihistamines, corticosteroids, 
or ephedrine 


Use of hypo-osmolar contrast 


Aspirin and NSAIDs Leukotriene Aspirin challenge Avoidance, desensitization 


generation 
Food-dependent Unknown None (food tests may Avoid food intake 
exercise-induced be contributory) 
Idiopathic Unknown None Antihistamines, corticosteroids 
Transfusion (blood Anti-IgA (IgG Measurement of IgA Washed, packed cells; IgA- 
and blood products) or IgE) deficient gamma globulin 


Reproduced with permission from Slavin RG, Reisman RE. Expert Guide to Allergy and 
Immunology. Philadelphia, PA: American College of Physicians; 1999. 
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Treatment 


Prompt treatment of anaphylaxis is critical and can be life-saving. Initial treatment includes basic 
life support measures with high-flow oxygen, cardiac monitoring, and intravenous access. These 
measures are appropriate for asymptomatic patients with a history of a serious reaction and 
recent reexposure or for patients with local reactions only. Subcutaneous or intramuscular 
epinephrine is used to treat acute anaphylaxis, but there are limited data on its appropriate 
dosing, timing, or repeated administration. Patients taking B-blockers may not respond to 
standard epinephrine doses. In these patients, larger doses of epinephrine or glucagon may be 
useful. Hı- and H>-antihistamines, corticosteroids, or both, are also often used, but there are few 
data on their effectiveness. Corticosteroids are used primarily to decrease the incidence and 
severity of delayed or biphasic reactions but do not influence the acute course of the disease 
because of their slow onset of action. Inhaled B2-agonists are indicated for patients with 
bronchospasm. It is imperative to assess airway patency because of the potential for compromise 
secondary to upper airway obstruction or bronchospasm. Endotracheal intubation may be 
difficult because of laryngeal or oropharyngeal edema. Bag-valve-mask ventilation should be 
utilized initially when intubation is not possible. Surgical airway intervention using standard 
cricothyroidotomy is an option. 


Patients with anaphylaxis who present with moderate or severe symptoms should be observed 
and monitored in the ICU for at least 12 hours for the development of delayed or protracted 
reactions. Affected patients may develop hypotension from vasodilation and capillary fluid 
leakage, and large-volume resuscitation with isotonic crystalloids is indicated. Refractory 
hypotension should be treated with repeated doses of epinephrine or a continuous epinephrine 
infusion. If ineffective, other vasopressors with a-adrenergic activity, such as norepinephrine or 
dopamine, may be used. Military antishock trousers have been used to treat refractory 
hypotension. 
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Hypertensive Emergencies 


Hypertensive emergencies affect approximately 1% of all adults with hypertension and are more 
frequent in men, the elderly, and black Americans. The morbidity and mortality associated with a 
hypertensive crisis are related to the degree of end-organ damage on presentation. Up to 83% of 
patients presenting with a hypertensive emergency have evidence of single-organ involvement. 
The 1-year mortality rate for an untreated hypertensive emergency approaches 90%. The 
presence of end-organ damage defines a hypertensive emergency, not the absolute level of the 
presenting blood pressure. Hypertensive urgencies usually present with diastolic blood pressures 
greater than 120 mm Hg and are not associated with end-organ damage. Blood pressure 
management in these patients can be achieved over several days to weeks. In hypertensive 
emergencies, immediate treatment of the blood pressure within minutes to hours is necessary to 
prevent further end-organ damage and complications. The central nervous, cardiovascular, and 
renal systems are most commonly affected in a hypertensive crisis. Almost 25% of patients 
present with cerebral infarction. 


Most hypertensive crises occur in patients with chronic essential hypertension that is 
inadequately or poorly controlled or in patients with hypertension who have abruptly 
discontinued antihypertensive medications. 
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Evaluation 


The physical examination and laboratory and radiograph evaluation should determine whether 
there is end-organ damage associated with the elevated blood pressure. Blood pressures should 
be measured both in the supine and standing positions. A significant difference in blood pressure 
between the two arms suggests aortic dissection. Hypertensive encephalopathy presents with 
changes in the level of consciousness, focal neurologic deficits, and visual field defects. The 
posterior reversible encephalopathy syndrome is one presentation with headache, altered level of 
consciousness, seizures, and variable visual changes that may extend to cortical blindness. 
Retinal hemorrhages, exudates, or papilledema may also be present on examination. 
Measurement of serum electrolytes, blood urea nitrogen, serum creatinine, and cardiac enzymes, 
along with a complete blood count, urinalysis, toxicology studies (for example, cocaine, 
amphetamines, phencyclidine), a chest radiograph, and an electrocardiogram, should be done 
routinely in patients who present with a hypertensive crisis. A CT scan of the head or MRI of the 
brain may be necessary if there is evidence of encephalopathy or other cerebral pathology. If 
aortic dissection is considered, transesophageal echocardiography, CT scan of the chest, or an 
aortic angiography must be performed. 
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Treatment 


Too rapid and aggressive lowering of the blood pressure can result in additional end-organ 
hypoperfusion compounding the damage to key organs. Patients who present in hypertensive 
crisis usually have chronic hypertension, and the blood pressure should be treated adequately but 
never decreased to a normal level. In general, the mean arterial pressure should be lowered by no 
more than 25% in the first hour of treatment and subsequently decreased to systolic levels of 160 
mm Hg and diastolic levels between 100 and 110 mm Hg in the next 2 to 6 hours. More rapid 
blood pressure lowering may be attempted if there is evidence of myocardial ischemia, left 
ventricular failure with pulmonary edema, acute aortic dissection, intracranial and subarachnoid 
hemorrhages, pheochromocytoma, and preeclampsia/eclampsia. Antihypertensive treatment with 
short-acting, titratable, intravenous bolus doses or intravenous infusion is usually indicated in 
these instances. These medications include intravenous hydralazine, nitroprusside, nitroglycerin, 
B-blockers (labetalol, metoprolol, esmolol), calcium channel blockers (nicardipine), and 
angiotensin-converting enzyme inhibitors (Table 45). Oral medications are usually reserved for 
patients who present with hypertensive urgencies who will be discharged to home with 
subsequent follow-up. Patients with hypertensive emergencies are treated initially in the 
emergency department, but subsequent treatment should be performed in the ICU where close 
monitoring and titration of medications can be done. Many of the presenting signs and symptoms 
associated with a hypertensive crisis reverse with appropriate therapy. Treatment decreases the 
risk for further complications. Long-term control of hypertension as an outpatient will be 
necessary to prevent recurrent hypertensive crises. 


Table 45. Antihypertensive Agents That Are Useful in 
Hypertensive Crises 


Drug Best Used for Main Side Contraindications 
Effect 
Diazoxide — Profound Thiazide allergy 
hypotension 
Enalapril Left ventricular failure — Angioedema 
Labetalol Stroke, intracranial Nausea Asthma, overt cardiac failure, >first- 
hemorrhage degree heart block, severe bradycardia 
Nicardipine Vascular surgery Headache Severe aortic stenosis 
Nitroglycerin Unstable angina, Headache Constrictive pericardial disease 
myocardial infarction 
Phentolamine Pheochromocytoma Tachycardia, Acute coronary ischemia 
headache 


Reproduced with permission from Physicians’ Information and Education Resource (ACP 
PIER). Philadelphia, PA: American College of Physicians; 2009. 
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Hyperthermic Emergencies 


Hyperthermia is a disorder of thermoregulation that results in elevation of body temperature 
above the normal range. Body temperatures above 40.0 °C (104.0 °F) are life-threatening, and 
brain death begins at 41.0 °F (105.8 °F). The most important causes of severe hyperthermia 
(temperature greater than 40.0 °C [104.0 °F]) are heat stroke, malignant hyperthermia, and 
neuroleptic malignant syndrome. 


Nonexertional heat stroke from impaired thermoregulation occurs in various cardiovascular, 
neurologic, and psychiatric disorders and in patients taking diuretics and anticholinergic agents, 
particularly patients who are exposed to a hot environment. Exertional heat stroke results from 
strenuous exercise in very hot and humid weather. The first sign of serious heat stroke is the 
absence of sweating and warm and dry skin. At temperatures above 40.6 °C (105.0 °F), loss of 
consciousness, muscle rigidity, seizures, rhabdomyolysis with renal failure, disseminated 
intravascular coagulation, and ARDS can occur. Death is imminent at temperatures above 45.0 
°C (113.0 °F). Unlike patients with fever, patients with hyperthermia derive no benefit from 
centrally active antipyretic agents. Fans, cooling blankets, ice packs, cold intravenous fluids, and 
oxygen (and for severe hyperthermia, cold gastric and peritoneal lavage) are used. 
Benzodiazepines decrease excessive shivering during treatment. 


Malignant hyperthermia is an inherited skeletal muscle disorder characterized by a 
hypermetabolic state precipitated by exposure to volatile inhalational anesthetics (halothane, 
isoflurane, enflurane, desflurane, sevoflurane) and the depolarizing muscle relaxants 
succinylcholine and decamethonium. Malignant hyperthermia usually occurs on exposure to the 
drug but can occur several hours after the initial exposure and can develop in patients who were 
previously exposed to the drug without effect. Increased intracellular calcium leads to sustained 
muscle contractions with skeletal muscle rigidity and masseter spasm, tachycardia, hypercarbia, 
hypertension, hyperthermia, tachypnea, and cardiac arrhythmias. Rhabdomyolysis and acute 
renal failure can develop. The disorder should be suspected in patients with a family history of 
adverse effects of anesthesia. The disorder is life-threatening if not treated immediately, and the 
mortality rate is estimated at 10%. Supportive treatment includes discontinuing the drug, 
hydration, oxygen, and cooling measures. Dantrolene sodium, a skeletal muscle relaxant, is 
given as an intravenous bolus every 5 or 10 minutes until symptoms resolve. The response to 
dantrolene is not pathognomonic, but the diagnosis is supported if symptoms resolve rapidly and 
completely. Pretreatment of susceptible patients with dantrolene before administration of 
necessary anesthetic agents is preventive. 


The neuroleptic malignant syndrome is a life-threatening disorder caused by an idiosyncratic 
reaction to neuroleptic tranquilizers (dopamine D2-receptor antagonists) and some antipsychotic 
drugs (Table 46). The most common offending neuroleptic agents are haloperidol and 
fluphenazine. The syndrome can occur with all drugs that cause central dopamine receptor 
blockade and usually occurs soon after starting a new drug or with dose escalation. It has also 
been reported in patients with Parkinson disease who abruptly discontinue their antiparkinsonian 
drugs. The syndrome is more common (2:1) in men than in women, and risk factors include 
physical exertion and dehydration, affective psychiatric disorders and organic brain syndrome, 


thyrotoxicosis, concomitant use of lithium and anticholinergic agents with a neuroleptic agent, 
use of high-potency neuroleptic agents, and parenteral administration of these agents. 


Most patients with the syndrome develop muscle rigidity, hyperthermia, cognitive changes, 
autonomic instability, diaphoresis, sialorrhea, seizures, arrhythmias, and rhabdomyolysis within 
2 weeks after initiating the drug. Symptoms can occur any time during drug therapy and may 
persist for up to 1 month, or longer if parenteral medications were given. Some disorders are 
mild and resolve without treatment, but drug therapy alleviates symptoms within 2 to 3 days. 
With early treatment, the prognosis is good, although some patients have persistent ataxia, 
dementia, or parkinsonism. Death may occur from respiratory or cardiovascular failure, 
disseminated intravascular coagulation, or myoglobinuric acute renal failure. Recurrences are 
uncommon. If neuroleptic drug therapy is required in a patient who developed the syndrome, the 
drug or class of drugs should be changed or the offending drug should be started at a lower dose. 
If the syndrome occurs when antiparkinsonian drugs are discontinued, the drugs should be 
restarted immediately. Because of the risk of neuroleptic malignant syndrome, drug “holidays” 
are no longer routinely advised for patients with Parkinson disease. Drug therapy with dantrolene 
and/or bromocriptine has been reported to decrease mortality and duration of symptoms. Therapy 
is started with intravenous dantrolene sodium and oral bromocriptine. When symptoms begin to 
resolve, dantrolene is discontinued and bromocriptine is continued for 10 days or up to 3 weeks 
if parenteral neuroleptic agents were used. Benzodiazepines can also be used. 


Table 46. Drugs That May Cause the Neuroleptic Malignant 
Syndrome 


Neuroleptic agents (dopamine D-receptor antagonists) 
Haloperidol 

Fluphenazine 

Trifluoperazine 

Thioridazine 

Chlorpromazine 

Perphenazine 

Antipsychotic agents (serotonin dopamine receptor antagonists) 
Clozapine 

Risperidone 

Other agents 

Metoclopramide 
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Hypothermic Emergencies 


e Accidental Hypothermia 


e Therapeutic Hypothermia 
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Accidental Hypothermia 


Hypothermia consists of a core tympanic, esophageal, or rectal body temperature of less than 
35.0 °F (95.0 °F). Hypothermia is classified as mild (core temperature 32.2 to 35.0 °C [90.0 to 
95.0 °F]), moderate (28.0 to 32.2 °C [82.4 to 90.0 °F]), and severe (less than 28.0 °C [82.4 °F]). 
Many drugs and conditions can lead to excessive heat loss, decreased heat production, and 
impaired thermoregulation. Primary accidental exposure to cold temperatures in addition to 
underlying chronic diseases is often found in patients with severe hypothermia. 


The elderly, who regulate their core temperature less effectively than younger persons and who 
have diminished perception of ambient temperature, are at risk for severe hypothermia. The 
elderly patient is also more susceptible to intraoperative hypothermia because sedatives and 
general anesthetic agents impair thermoregulation. 


Hypothermia produces various multisystem disturbances. Cardiovascular abnormalities include 
tachycardia followed by progressive bradycardia, conduction abnormalities including atrial and 
ventricular fibrillation, and the characteristic J wave (Osborne wave, Figure 14). 


Respiratory depression and neurologic impairment worsen with moderate to severe hypothermia. 
Warming is the primary treatment for hypothermia. There are three types of rewarming 
techniques: passive external rewarming, active external rewarming, and active core rewarming. 
Complications of rewarming include compartment syndromes, rhabdomyolysis, disseminated 
intravascular coagulation, pulmonary edema, and acute tubular necrosis. 
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Figure 14. Electrocardiogram showing Osborne waves. 


Hypothermia [body temperature <30.0 °C (86.0 °F)] is associated with bradycardia, either sinus 
or with atrial fibrillation, and the appearance of the classic Osborne waves at the QT interval. 
They are best seen in the inferior and lateral chest leads. Osborne waves are defined by the 
shoulder or “hump” between QRS and ST segments. 
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Therapeutic Hypothermia 


Therapeutic hypothermia has been shown to improve neurologic function in comatose patients 
following out-of-hospital cardiac arrest. Mild hypothermia is thought to suppress some of the 
chemical reactions responsible for reperfusion injury after cardiac arrest, thereby preventing or 
alleviating cerebral injury and promoting neurologic recovery. Two randomized controlled trials 
evaluating neurologic recovery and survival after out-of-hospital ventricular fibrillation cardiac 
arrest were performed in 2002 using mild to moderate hypothermia (32.0 to 34.0 °C [89.6 to 93.2 
°F]). The Hypothermia after Cardiac Arrest Study Group found that patients cooled to 33.0 °C 
(91.4 °F) for 12 hours had better neurologic recovery but no improvement in survival than 
normothermic patients. The European Hypothermia after Cardiac Arrest Study Group found that 
patients cooled to 32.0 to 34.0 °C (89.6 to 93.2 °F) for 24 hours had better survival and 
neurologic recovery at 6 months than normothermic patients. As a result, the International 
Liaison Committee on Resuscitation recommended that patients remaining unconscious after 
out-of-hospital cardiac arrest from ventricular fibrillation or nonperfusing ventricular tachycardia 
should be cooled to 32.0 to 34.0 °C (89.6 to 93.2 °F) for at least 12 hours to optimize neurologic 
recovery and possibly survival. Further studies are necessary to determine whether these findings 
are applicable to patients who survive cardiac arrest from other causes. 
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Poisonings and Overdoses 


Analgesic ingestion is the most common form of overdose, although deaths are more common 
from other agents. The diagnosis is made by clinical findings and toxicology results. Clinical 
findings may allow for classification into one of the common toxic syndromes (Table 47). 
Patients may not have all of the components of a syndrome, but the pattern of findings may be 
sufficient to establish a general diagnosis. Often, treatment of the toxic syndrome is as helpful as 
identifying the specific agent. Toxicology immunoassays can detect many substances, including 
opiates, benzodiazepines, cocaine, barbiturates, tricyclic antidepressants, salicylates, 
acetaminophen, tetrahydrocannabinol (marijuana), and phencyclidine (PCP). Quantitative serum 
levels of acetaminophen and salicylates should be measured in all patients suspected of a toxic 
ingestion (even when the ingestion of other agents is suspected or reported). Co-ingestion of 
multiple toxins occurs frequently. Effective therapies for acetaminophen and salicylate overdoses 
are available, and their presence may be overlooked by attention to other agents (for example, 
cocaine or sedatives). 


Table 47. Syndromes Resulting from Drug Overdose 


Syndrome Manifestations 
Cholinergic “SLUDGE” — Salivation, Lacrimation, increased Urination and Defecation, 
Gastrointestinal upset, and Emesis. Also bronchorrhea, bradycardia, 
fasciculations, confusion, miosis 


Anticholinergic Dry skin and mucous membranes, hyperthermia, tachycardia, mydriasis, 
delirium, thirst, urinary retention 


Sympathomimetic Hypertension, tachycardia, seizures, central nervous system excitation, 
mydriasis, diaphoresis 

Opiates/sedatives Muiosis (usually), respiratory depression, depressed level of consciousness, 
hypotension, hypothermia, hyporeflexia 


PreviousNext 


Alcohols 


Alcohol poisoning results most frequently from binge drinking. Alcohol poisoning can also 
result from drinking products that contain ethylene glycol (antifreeze) or methyl alcohol 
(methanol), which have toxic acid metabolites, or isopropyl alcohol, which has high potency 
relative to ethanol but does not have toxic acid metabolites. Ingestion of these alcohols causes 
neurologic and cardiopulmonary symptoms. Complications include aspiration, severe 
hypovolemia, and cardiopulmonary arrest. Methanol is metabolized to formic acid, which may 
cause ocular toxicity. Ethylene glycol is metabolized to oxalic acid, which may cause renal 
failure; calcium oxalate crystals are found in the urine. Both cause an anion gap metabolic 
acidosis and an osmolar gap. Treatment for methanol and ethylene glycol overdose must be 
initiated immediately with oral or intravenous ethanol or intravenous fomepizole. Definitive 
treatment is hemodialysis. Isopropyl alcohol produces ketones and causes an osmolar gap but no 
metabolic acidosis, retinal toxicity, or renal failure. Mechanical ventilation may be needed for 
decreased level of consciousness. 
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Amphetamines 


All amphetamines cause an adrenergic syndrome from release of catecholamines, thus producing 
tachycardia, hyperthermia, agitation, hypertension, mydriasis, and acute psychosis. Myocardial 
ischemia, seizures, intracranial hemorrhage, stroke, and renal failure can result. Overdose of the 
recreational drug “ecstasy” (3, 4-methylenedioxy-methamphetamine) is associated with bruxism, 
jaw clenching, and hyponatremia due to elevated antidiuretic hormone concentration, which may 
result in seizures, cerebral edema, and death in some users. Fulminant hepatic failure has been 
reported. Treatment is supportive, and benzodiazepines are given for extreme agitation. 
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Carbon Monoxide Poisoning 


Carbon monoxide is a gas produced from incomplete combustion of carbonaceous material. 
Common sources include vehicle exhaust fumes, poorly functioning natural gas heating or 
cooking systems, inhaled smoke, and propane-powered equipment. Carbon monoxide causes a 
left shift of the oxyhemoglobin dissociation curve, resulting in impaired offloading of oxygen to 
tissue. Common initial symptoms are headache, dizziness, and nausea. More severe exposures 
cause chest pain, difficulty thinking, disorientation, dyspnea, weakness, or palpitations. The 
traditional classic finding of cherry red lips rarely occurs. A delayed neuropsychiatric syndrome 
with cognitive deficits, personality changes, headache, parkinsonism, dementia, psychosis, and 
peripheral neuropathy can occur 3 to 40 days after recovery. 


The diagnosis of carbon monoxide poisoning requires a high index of suspicion. Pulse oximetry 
is not useful because it may overestimate arterial oxygenation. Venous or arterial 
carboxyhemoglobin should be measured, although the concentration may not correlate with 
symptom severity. The normal carboxyhemoglobin level is 2% to 3% in nonsmokers and up to 
10% in smokers. The initial level may not reflect severity of exposure if the patient was treated 
with 100% oxygen before arrival at the hospital or has a delayed presentation. There are 
nomograms that can extrapolate the carboxyhemoglobin level to the time of rescue. In general, 
anyone who was unconscious at the scene has a very high level and a near-fatal exposure. 
Patients are given 100% oxygen until the level is normal. Hyperbaric oxygen reduces the half- 
life of carbon monoxide to 20 to 25 minutes and may decrease the incidence of postexposure 
cognitive deficits (Table 48). 


Table 48. Potential Indications for Hyperbaric Oxygen in 
Acute Carbon Monoxide Exposure 


Poisoning 

Coma 

Loss of consciousness (at the scene or persisting at time of hospital arrival) 
Neurologic findings other than headache 

Carboxyhemoglobin level >25% to 40% 

Pregnancy and carboxyhemoglobin level >15% 

Myocardial ischemia 

Arrhythmias 

Ischemic heart disease and carboxyhemoglobin level >20% 

Persistent symptoms after normobaric oxygen treatment for 4 to 6 hours 
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Cyanide Poisoning 


Cyanide poisoning results from inhalation of gaseous hydrogen cyanide or the ingestion of 

potassium or sodium cyanide. Hydrogen cyanide poisoning is also common as a result of smoke 
inhalation from fires. Ingestion of cyanide is most often associated with suicides and homicides. 
Inhalation results in seizures, coma, and cardiopulmonary arrest. Chronic exposure to low levels 


results in weakness and paralysis. Traditional therapy for cyanide poisoning includes inhalation 
of amyl nitrite, followed by the administration of intravenous sodium nitrite or sodium 
thiosulfate. Other antidotes include hydroxycobalamin, 4-dimethylaminophenol (4-DMAP), 
cobalt salts, solutions A and B (a solution of ferrous sulfate in aqueous citric acid and sodium 
carbonate), and glucose. 
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Cocaine Toxicity 


Cocaine can be used orally, intravenously, by intranasal insufflation, or by smoking. Crack or 
rock cocaine, the alkaloid form, is commonly smoked. Signs of clinical toxicity are shown in 
Table 49. Management of cocaine toxicity includes benzodiazepines for agitation, 
combativeness, and seizures. The neuroleptic agent haloperidol is used only for overt psychosis 
because of its potential for lowering the seizure threshold. Based on concerns of unopposed a- 
vasoconstriction, B-blockers are avoided. For myocardial ischemia, aspirin and nitroglycerin are 
administered. A diagnostic evaluation should be done for acute myocardial infarction, including 
cardiac catheterization for new focal wall motion abnormalities. Many times there is spasm, but 
occasionally there is plaque rupture and thrombus requiring intervention. Surgery is often needed 
after gastrointestinal ingestion of cocaine packets. Endoscopy with retrieval should not be 
performed because of the risk of rupture with extraction of the packets. 


Table 49. Signs of Cocaine Toxicity 


Sympathomimetic 
Tachycardia 
Hypertension 
Mydriasis 
Hyperthermia 
Agitation 
Cardiovascular 

Arrhythmias 
Myocardial ischemia 
Aortic dissection 

Neurologic 
Seizures 
Cerebral infarction 
Intracerebral, intraventricular, or subarachnoid hemorrhage 

Respiratory 
Barotrauma 
Bronchospasm 


Noncardiogenic pulmonary edema 
Hemorrhage 
Rhabdomyolysis 
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Therapeutic Drug Overdoses 


Many therapeutic agents may be deleterious in excess (Table 50). 


Acetaminophen overdose may result in significant hepatotoxicity and mortality. Toxicity in 
adults occurs with ingestion of more than 7.5 to 10.0 g in 8 hours or less. A 4-hour serum 
acetaminophen level should be obtained and compared with the Rumack-Matthew Nomogram 
for single acute ingestions. The nomogram is not applicable for chronic ingestions or ingestion of 
extended-release forms. For extended-release acetaminophen, the drug levels should be 
measured at 4 and 8 hours. Charcoal is given up to 4 hours after ingestion or longer with 
extended-release ingestions. N-Acetylcysteine (NAC) is the antidote and is most effective when 
given within 8 hours of ingestion. NAC can still be administered after 24 hours if the 
acetaminophen levels remain elevated. Concurrent aggressive antiemetic therapy is often needed 
because the formulation has a disagreeable smell and taste, and many patients are already 
nauseated. Therefore, the intravenous regimen is better tolerated and is usual therapy in many 
ICUs. A course of NAC may be considered even in patients who present late or chronically 
ingest acetaminophen if their serum aminotransferase levels are elevated. 


B-Blocker and calcium channel blocker toxicity may result in bradycardia, conduction 
abnormalities, and hypotension. Glucagon and calcium chloride are given for refractory 
hypotension. Isoproterenol can be titrated to try to maintain heart rate. Ventricular pacing may be 
required. 


Lithium has a narrow therapeutic range, and serum lithium levels do not necessarily correlate 
with symptoms. Toxicity occurs at lower serum levels in patients on long-term therapy. Major 
manifestations of toxicity include tremor, hyperreflexia, agitation, clonus, seizures, and altered 
mental status. Charcoal should be given. Intravascular volume should be optimized, but forced 
diuresis is not effective. Hemodialysis is very effective in removing lithium and should be done 
whenever there is significant alteration in consciousness. 


Salicylate toxicity may result in metabolic acidosis, tachypnea, respiratory alkalosis, and 
hyperthermia. Coagulopathy, hepatotoxicity, hypoglycemia, depressed level of consciousness, 
and seizures may develop. Patients on long-term therapy develop toxicity at lower levels than 
one-time ingestors. Serum salicylate levels greater than 35 mg/dL are treated with alkalinization 
of the urine to pH of 7.0 to 8.0 to enhance renal clearance. Hemodialysis effectively eliminates 
the toxin and should be used for patients with altered mental status and for acute renal failure. 


Tricyclic antidepressant toxicity causes arrhythmias, depressed level of consciousness, seizures, 
and hypotension. Evidence of cardiotoxicity (wide QRS interval, wide-complex arrhythmias) 


requires immediate treatment with boluses of sodium bicarbonate. Seizures are treated with 
benzodiazepines. Refractory hypotension should be managed with an a-agonist such as 
norepinephrine or phenylephrine. The use of an intra-aortic balloon pump is a temporizing 
measure in refractory cases. Tricyclic antidepressants are tightly protein-bound and cannot be 
dialyzed. If the ingestion is not lethal and the patient can be supported during the first few hours, 
the patient often stabilizes as the drug is distributed widely into tissue. 


Some herbal or alternative medicines and nutritional supplements have inherent toxicity, but 
poisoning may also result from misuse, contamination, or interaction with other medications. 
Cardiac glycosides or digoxin-like substances have been detected in herbal teas and laxatives. 
Products containing ephedrine and pseudoephedrine can result in a sympathomimetic syndrome. 
Ginkgo biloba and garlic are associated with bleeding. Ginseng has been associated with 
hypoglycemia. Contaminants identified in Asian patent medicines include arsenic, lead, and 
mercury. 


Table 50. Antidotes and Interventions for Specific 
Therapeutic Agents 


Agent Antidote/Intervention 
Acetaminophen N-Acetylcysteine 
Amphetamines Benzodiazepines 
Benzodiazepines Flumazenil 


B-Adrenergic blockers Glucagon, calcium chloride, ventricular pacing 
Calcium channel blockers Calcium chloride, glucagon, pacing 


Warfarin derivatives Vitamin K, fresh frozen plasma 
Nitroprusside (cyanide) Nitrites, sodium thiosulfate, hydroxycobalamin 
Digoxin Digoxin specific antibody Fab fragments 
y-Hydroxybutyrate Respiratory support 

Heparin Protamine sulfate 

Hypoglycemic agents 50% glucose, somatostatin 

Iron Deferoxamine 

Isoniazid Pyridoxine 

Lithium Hemodialysis 

Nitrites (methemoglobin) Methylene blue 

Narcotics Naloxone, nalmefene 

Salicylates Urine alkalinization, hemodialysis 
Theophylline Multiple-dose charcoal, hemoperfusion 


Tricyclic antidepressants Blood alkalinization, a-agonist 
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Rhabdomyolysis 


Rhabdomyolysis results from skeletal muscle injury that releases cellular contents, including 
myoglobin, potassium, phosphorus, and muscle enzymes, into the circulation. Rhabdomyolysis 
can cause myoglobinuria and renal failure, depending on the amount of myoglobin released into 
the circulation and the urine. Risk factors include alcohol use, strenuous exercise, and seizures. 
Rhabdomyolysis can be caused by any condition that results in extensive skeletal muscle 
damage, especially trauma from crush injuries; prolonged immobility, especially on hard 
surfaces when deeply unconscious from sedative drug overdose or other condition; electrical 
injuries; burns; drugs and toxins (statins, cocaine, amphetamines, heroin, and phencyclidine 
[PCP]), and infections. Malignant hyperthermia and the neuroleptic malignant syndrome are 
associated with rhabdomyolysis. Prolonged exercise may precipiate rhabdomyolysis, especially 
in patients with inherited mypopathy or type V glycogen storage disease (McArdle disease). Not 
all patients have obvious symptoms, but the predominant symptoms include dark, red, or cola- 
colored urine; myalgias; and muscle stiffness, tenderness, and weakness, usually of the large 
muscles of the legs and lower back. Muscle swelling and edema are rare. 


The diagnosis is confirmed by laboratory findings (Table 51). Elevation of the total serum 
creatine kinase level is a sensitive but not a specific marker for rhabdomyolysis. Serum levels 
two to three times normal in a patient with symptoms and/or risk factors is highly suggestive of 
the diagnosis. After the initial insult, serum creatine kinase levels peak within 24 hours; 
persistent elevation suggests ongoing muscle injury or development of a compartment syndrome. 
A positive urine orthotolidine dipstick for blood in the absence of erythrocytes suggests 
myoglobinuria. A normal urine dipstick test result does not rule out the diagnosis because 
myoglobinuria may be absent or resolve early in the course of rhabdomyolysis. 


Treatment should be aimed at early and aggressive fluid resusucitation to increase oxygen 
delivery and the glomerular filtration rate. Isotonic crystalloid solutions are administered to 
maintain a urine output of 200 to 300 mL/h. Central venous pressure monitoring may be helpful 
in guiding fluid therapy in patients with underlying cardiac or renal disease. Hyperkalemia is 
treated with glucose and insulin, oral or rectal sodium polystyrene sulfonate, intravenous 
bicarbonate, or hemodialysis. Other electrolyte disturbances rarely require therapy. 
Rhabdomyolysis may result in severe hypovolemia from fluid shifts and extravasation into the 
damaged muscle and interstitium, compartment syndromes, and acute tubular necrosis. 
Disseminated intravascular coagulation occurs frequently but is not usually associated with 
bleeding or thromboses. Compartment syndrome should be suspected in a patient with severe 
focal muscle tenderness and a firm muscle compartment. A decompressive fasciotomy needs to 
be performed when the measured intracompartment pressures are in excess of 25 to 30 mm Hg. 
Urine alkalinization (if the serum creatine kinase level is greater than 6000 U/L) and 
administration of mannitol and loop diuretics to prevent acute kidney injury are commonly used. 
Alkalinization should be considered earlier in patients with acidemia, dehydration, or underlying 
renal disease. Bicarbonate administration titrated to a urine pH of 6.5 or higher prevents the 
breakdown of myoglobin into more toxic compounds. The plasma pH should be carefully 
monitored to prevent metabolic alkalosis that can worsen preexisting hypocalcemia. 


Table 51. Laboratory Abnormalities in Rhabdomyolysis 


Elevated total serum creatine kinase level 

Hyperkalemia 

Positive serum myoglobin 

Myoglobinuria 

Hyperphosphatemia 

Hypocalcemia 

Elevated lactate dehydrogenase, aminotransferases, aldolase, carbonic anhydrase III, and 
hydroxybutyric acid 

Hyperuricemia 

Anion gap metabolic acidosis 

Elevated serum creatinine and a decreased blood urea nitrogen/serum creatinine ratio 
Prolonged prothrombin time and activated partial thromboplastin time and thrombocytopenia 
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Acute Abdominal Surgical Emergencies 


The term acute abdomen refers to sudden and severe abdominal pain that is less than 24 hours in 
duration. In almost all patients, acute medical treatment is necessary, and emergent surgery is 
frequently needed. Rapid assessment and diagnosis are essential because morbidity and mortality 
are higher in acute surgical emergencies, such as ruptured abdominal aortic aneurysms, intestinal 
perforation, and intestinal mesenteric ischemia. 


The type of pain and its onset and duration may aid in determining the cause. Guarding and 
rebound tenderness and severe diffuse abdominal pain suggest an acute abdomen with 
peritonitis. Abdominal pain associated with severe back pain suggests a ruptured abdominal 
aortic aneurysm or pancreatitis. Intermittent, cramping pain may result from biliary or renal 
colic. Rupture of the intestine or an abdominal viscus usually has a dramatic sudden onset of 
symptoms. For example, a history of abdominal surgery could indicate obstruction from 
adhesions. Serum amylase levels should be measured and abdominal radiographs with supine 
and upright films should be done to evaluate for air-fluid levels or free peritoneal air suggestive 
of a intestinal obstruction or perforated viscus. Women of childbearing age should have a 
pregnancy test because ectopic pregnancy with tubal rupture can present as an acute abdomen. 
Patients with a history of alcohol use or gallstones may present with acute pancreatitis or 
cholecystitis. Abdominal ultrasonography may be helpful when the presentation is highly 
consistent with biliary disease. Abdominal CT scans are more sensitive than plain films for 
perforation and for many other intra-abdominal conditions and are preferred over abdominal 
ultrasonography when the presentation is nonspecific or poorly localized. 


Abdominal aortic aneurysms occur in 1% of all men over 65 years. The pain is often of acute 
onset radiating to the back. A pulsatile mass may be palpated in the abdomen. The mortality rate 


is greater than 50% with free rupture of an aneurysm, and affected patients frequently present 
with severe hemodynamic instability and cardiovascular collapse. Immediate treatment of 
patients with moderate hemodynamic compromise should include judicious fluid replacement 
because overaggressive fluid resuscitation can worsen hemorrhage. Patients presenting with a 
perforated viscus frequently have generalized peritonitis with board-like rigidity on palpation of 
the abdomen. The most common organs to perforate are the appendix, stomach, duodenum, and 
colon. The organ that is responsible may be indicated by the original site of the pain and the age 
of the patient. The management consists of resuscitation followed by laparotomy. 


Intestinal obstruction is significant mechanical impairment or complete cessation of intestinal 
passage of contents. Mechanical obstruction can occur in either the small bowel or the colon and 
may be partial or complete. The diagnosis is based on clinical findings and is confirmed by 
supine and upright abdominal radiographs. Obstruction of the small bowel causes symptoms 
shortly after onset: cramping abdominal pain around the umbilicus or in the epigastrium, 
vomiting, and obstipation in patients with complete obstruction. Patients with partial obstruction 
may develop diarrhea. Severe, steady pain suggests that strangulation has occurred. Hyperactive, 
high-pitched peristalsis coinciding with cramps is typical. Dilated loops of bowel may be 
palpable. With infarction, the abdomen becomes tender, and auscultation reveals a silent 
abdomen or minimal peristalsis. Shock and oliguria indicate either late simple obstruction or 
strangulation. Obstruction of the colon usually causes milder symptoms that develop more 
gradually, with increasing constipation leading to obstipation and abdominal distention. 
Treatment is fluid resuscitation, nasogastric suction, and, in most patients with complete 
obstruction, surgery. About 85% of partial small-bowel obstructions resolve with medical 
treatment, whereas about 85% of complete small-bowel obstructions require surgery. 


Vascular disorders, usually affecting the small bowel, can result in an acute abdomen. Up to 10% 
of cases of severe abdominal pain in the elderly have a vascular cause, including mesenteric 
ischemia, ruptured abdominal aortic aneurysm, and thrombosis. Acute mesenteric ischemia is 
often the result of cardiac thromboemboli; primary mesenteric vein thromboses may also cause 
an ischemic acute abdomen. Affected patients present with diffuse abdominal pain—often out of 
proportion to physical examination findings, intestinal distention, and bloody diarrhea with 
absent bowel sounds. Laboratory tests reveal a neutrophilic leukocytosis, sometimes with a left 
shift, and an increased serum amylase level. Abdominal radiography shows many air-fluid levels 
and widespread edema. Acute ischemic abdomen is a surgical emergency. If bowel ischemia or 
infarction is suspected, antibiotics should be given. 


Some causes of gastrointestinal tract perforation include trauma, the presence of foreign bodies, 
peptic ulcers, severe vomiting, and intestinal obstruction. Symptoms usually develop suddenly 
with severe abdominal pain and peritoneal signs followed by shock. Free air under the 
diaphragm is seen in abdominal radiographs in 50% to 75% of patients. Treatment includes 
aggressive fluid resuscitation, antibiotics, and surgery. 
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Supportive Care in Critical Illness 


e Pain, Anxiety, and Delirium 
e Prevention 

e Nutrition 

e End-of-Life Care 
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Pain, Anxiety, and Delirium 


Unrelieved pain, anxiety, and delirium contribute to patient distress, evoke a stress response, 
complicate the management of life-saving devices, and often negatively affect outcomes. The 
comfort and safety of patients is a universal goal, and it is, therefore, important to standardize the 
assessment and management of analgesia, sedation, and delirium in critically ill patients. 
Delirium occurs in 20% to 40% of non-critically ill hospitalized patients and up to 80% of 
critically ill surgical and medical ICU patients. Most ICU patients with delirium have multiple 
risk factors, and although determining the underlying cause is always the goal, some of the most 
common causes are iatrogenic. 


In non-critically ill hospitalized older patients, delirium has been linked to increased 
complications, poor functional recovery, and increased mortality both in the hospital and for up 
to 2 years after discharge. Delirium is classified according to psychomotor behavior as 
hyperactive, hypoactive, and mixed. Pure hyperactive delirium, which accounts for less than 5% 
of cases of ICU delirium, is characterized by increased psychomotor activity with agitated 
behavior. Hypoactive or quiet delirium, which accounts for approximately 45% of cases, is 
characterized by reduced psychomotor behavior and lethargy. Mixed delirium, which accounts 
for approximately 50% of cases, alternates unpredictably between a hyperactive and a 
hypoactive manifestation. 


The foundations of current guidelines for the management of pain, anxiety, and delirium are as 
follows: 


1. Pain, anxiety, and delirium should be routinely and objectively assessed. 

2. Pain should always be assessed first, preferably using a validated scale such as a visual 
analogue scale or numeric rating scale. 

3. Anxiety should be assessed and sedation levels chosen by goal-directed, nurse-driven 
protocols. The ICU should adopt a validated sedation scale such as the Sedation Agitation 
Scale or the Richmond Agitation Sedation Scale (RASS) (Table 52). Incorporation of 
such tools allows titration of sedative medication to the specific target optimal for each 
patient at the specific point within his/her clinical course, thus maximizing safety and 
comfort while minimizing oversedation. 

4. Delirium should be monitored routinely in all patients. ICU delirium is independently 
associated with longer lengths of stay and rehospitalization, higher mortality rates, higher 
costs of care, and a nearly 10-fold higher rate of cognitive impairment at hospital 
discharge. Current guidelines support the use of the Confusion Assessment Method for 


the ICU (CAM-ICU) (Table 53), a bedside tool that takes less than 1 minute to 
administer and is 95% sensitive for the diagnosis of delirium. 


. Nonpharmacologic means of relief of pain, anxiety, and delirium should be used 


whenever possible. 


. For both analgesics and sedatives, intermittent bolus dosing along with daily interruption 


of continuous infusions is recommended. Some of the many risk factors for delirium may 
be modifiable. After attention to remediable factors (Table 54), the guidelines support 
haloperidol as the pharmacologic agent of choice for hypoactive and hyperactive 
delirium; however, there is little evidence on which to base this decision, and there are no 


FDA-approved drugs for delirium. 


7. Table 52. The Richmond Agitation Sedation Scale 
(RASS) 


+4 Combative Combative, violent, immediate danger to staff 

+3 Very agitated Pulls or removes tube(s) or catheter(s); aggressive 

+2 Agitated Frequent, nonpurposeful movement, fights ventilator 

+1 Restless Anxious, apprehensive but movements not aggressive or vigorous 

O Alert and calm 

-1 Drowsy Not fully alert, but has sustained (>10 sec) awakening (eye 
opening/contact) to voice 

-2 Light sedation Drowsy, brief (<10 sec) awakening to voice or physical stimulation 

-3 Moderate sedation Movement or eye opening (but no eye contact) to voice 

-4 Deep sedation No response to voice, but movement or eye opening to physical 
stimulation 

-5 Unarousable No response to voice or physical stimulation 


Procedure for RASS Assessment 
Observe the patient 
If the patient is alert and calm, score 0. 


If the patient has behavior consistent with restlessness or agitation, score +1 to +4 using the 
criteria listed above. 


If the patient is not alert, state the patient’s name and ask the patient to open his or her 
eyes and look at the speaker. 


If the patient awakens and has sustained eye opening and contact, score —-1. 
If the patient awakens but does not have sustained eye opening and eye contact, score —2. 


If the patient does not awaken but has eye opening or movement in response to voice, score —3 


Physically stimulate the patient by shaking shoulder and/or rubbing sternum. 
If the patient does not respond to voice, but responds to physical stimulation, score —4. 
If the patient does not respond to voice or physical stimulation, score —5. 


8. Reproduced with permission from Sessler CN, Gosnell MS, Grap MJ, et al. The 


Richmond Agitation—Sedation Scale. Validity and Reliability in Adult ICU Patients. Am 


J Respir Crit Care Med. 2002;166(10):1338-1344. [PMID: 12421743] Copyright 2002, 
American Thoracic Society. 


Table 53. The Confusion Assessment Method for the ICU 
(CAM-ICU)* 


Feature 1 - Acute Onset or Fluctuation of Mental Status 


Is there an acute change from patient’s baseline mental status or a fluctuation in the course of 
mental status over the past 24 hours? The RASS or other validated sedation scales are typically 
used for this evaluation. 
Feature 2 - Inattention 
Does the patient have inattention? This can be determined using a validated test called the 
attention screening examination (see reference) which either asks the patient to squeeze only on 
hearing the letter “A” or nod “yes” when he/she sees certain pictures. Inattention is very simple 
to assess, even in most intubated patients, and this is the pivotal feature of delirium. 
Feature 3 - Disorganized Thinking 
Does the patient have disorganized thinking? This feature is assessed by asking questions 
included in the CAM training manual and by asking the patient to follow some simple 
commands like holding up two fingers on each hand that require a minimum of organizational 
thinking. This assessment is not needed if features 1, 2, and 4 are positive. 
Feature 4 - Altered Level of Consciousness 
Does the patient have an altered level of consciousness (at the time of the examination)? This 
feature is positive if the patient’s level of consciousness is currently anything other than alert. 


“Patients are delirious if they are positive (“YES”) for features 1 and 2 and either 3 or 4. A 
patient video and other training/educational materials are available at www.icudelirium.org. 


Reprinted with permission from: Ely EW, Inouye SK, Bernard GR, et al. Delirium in 
mechanically ventilated patients: validity and reliability of the confusion assessment method for 
the ICU (CAM-ICU). JAMA. 2001;286(21):2703-2710. [PMID: 11730446] Copyright 2001, 
American Medical Association. All rights reserved. 


Table 54. Risk Factors for Delirium 


Host Factors Acute Illness Iatrogenic or 
Environmental 
Old age Severe sepsis? Sedative and analgesic use? 
Comorbidities (heart, liver, or renal Acute respiratory distress Immobilization (restraints 
failure; diabetes; hypertension) syndrome* or catheters)" 


Preexisting cognitive impairment or Multiple organ Total parenteral nutrition? 


dementia dysfunction syndrome 


Hearing or vision impairment’ Drug overdose or illicit Sleep deprivation* 
drugs 

Neurologic disease (stroke or seizure) Health-care—associated Malnutrition? 
infections? 

Alcoholism and smoking" Metabolic disturbances" Anemia (phlebotomy)* 


“Potentially modifiable factors. 
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Delirium Tremens 


The term delirium tremens is nearly universally used to refer to delirium due to alcohol 
withdrawal syndrome. The syndrome usually presents 48 to 96 hours after cessation of drinking, 
can last up to 2 weeks, and is usually exacerbated at night; the syndrome is characterized by 
impaired level of consciousness and disorientation, which may fluctuate significantly; reduced 
attention and global amnesia; impaired cognition and speech; and often hallucinations (usually 
tactile and/or visual) and delusions (persecutory). Management of the syndrome is similar to that 
for hyperactive delirium in general, except rather than haloperidol (which lowers the seizure 
threshold), many patients are given y-aminobutyric acid (GABA) agonists to approximate the 
neurologic effects of alcohol at the GABA receptor and to control the extreme agitation and 
excessive adrenergic autonomic activation. Use of as-needed medications is superior to 
continuous infusions or standing bolus doses. The a2-adrenergic agonists clonidine and 
dexmedetomidine are also used to treat the syndrome. 
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Other Neuropsychiatric Disorders 


The post-ICU syndrome includes significant impairments in patients’ ability to think, walk, 
return to work, organize personal lives, and contribute fully to their families. Up to 75% of ICU 
survivors develop moderate and sometimes severe cognitive impairment, and 90% have some 
combination of debilitating neuromyopathy and/or deconditioning. Unlike delirium, which 
usually resolves in days, neuropsychologic dysfunction may persist for months and is 
functionally similar to an acquired dementia. The disorder is present in 50% of ICU survivors 
even up to 2 years after discharge. The risk factors and possible preventive strategies for the 
post-ICU syndrome are under investigation. Other mental health effects in survivors include 
severe depression and posttraumatic stress disorder. Comprehensive neuropsychologic and 
physical/occupational rehabilitation approaches to these components of recovery are under 
investigation. 
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Prevention 


Deep venous thrombosis is a common perioperative complication. The Seventh (2004) ACCP 
Consensus Conference on Antithrombotic and Thrombolytic Therapy classified patients as a low, 
moderate, and high risk for developing venous thromboembolism perioperatively. Prophylactic 
and treatment regimens based on risk are discussed above under Pulmonary Vascular Disease. 


Significant gastrointestinal bleeding from stress gastritis and ulceration has decreased with the 
use of prophylactic agents in high-risk patients. There is a strong relationship between 
gastrointestinal bleeding and underlying severity of illness. Stress ulcers form soon after critical 
illness develops and range from superficial injuries to deep ulcerating lesions. Stress ulcers are 
caused by mucosal ischemia with loss of cytoprotective prostaglandins. Prolonged mechanical 
ventilation and coagulopathy are the two most important risk factors for developing stress ulcers 
(Table 55). Prophylactic agents, which include antacids, H2-antihistamines, sucralfate, and 
proton pump inhibitors, decrease significant bleeding from stress ulcers but have not been shown 
to decrease mortality rates. 


Antacids are effective prophylactic agents but require frequent oral dosing. H2-antihistamines are 
administered by intravenous bolus or by continuous infusion, which more effectively controls 
gastric pH but does not add further protection against gastrointestinal bleeding. Studies have not 
shown any increase in health-care—associated pneumonias in patients treated with H, antagonists. 
Sucralfate is an oral cytoprotective agent that creates a foam lining in the stomach protecting 
against acid damage. Proton pump inhibitors, which can be given orally, by intravenous bolus, or 
by continuous infusion, are more effective in maintaining a gastric alkaline environment than H2- 
antihistamines. Some ICU clinicians advocate the use of oral proton pump inhibitors as first-line 
therapy because of their efficacy, cost-effectiveness, and lower risk for acute bleeding than 
intravenous H,-antihistamines. Caution should be used in patients taking drugs such as 
itraconazole that require gastric acidity for adequate absorption. Enteral nutrition may provide 
some protection against stress ulcers. 


Pressure ulcers are a major cause of increased morbidity and length of ICU stay in one third of 
critically ill patients (see also MKSAP 15 General Internal Medicine). They result from 
prolonged tissue ischemia causing cell death and necrosis. They occur in areas of unrelieved 
pressure, such as over a bony prominence seen in the ischium, sacrum, trochanter, and the heel. 
The causes of pressure ulcers are multifactorial (Table 56). 


Infection is the most common complication of pressure ulcers. Wound-related bacteremia and 
sepsis secondary to osteomyelitis occur in 26% of patients with nonhealing pressure ulcers and 
lead to death in 50% of affected patients. The Agency for Healthcare Research and Quality has 
published guidelines for the prevention and treatment of pressure ulcers (Table 57). 


Table 55. Risk Factors for Development of Stress Ulcers in 
the Intensive Care Unit 


Mechanical ventilation >48 hours 
Coagulopathy 

Extended intensive care unit length of stay 
Sepsis 

Shock 

Trauma (especially head trauma) 

Hepatic failure 

Renal failure 

Burns 


Table 56. Factors Predisposing to the Development of 
Pressure Ulcers 


Infection and fever 

Flaccid paralysis and prolonged immobilization 
Hypotension 

Hypovolemia 

Malnutrition and reduced lean body mass 
Overnutrition with morbid obesity 

Spinal cord injuries and neurologic disease 
Anemia 

Increased metabolic demands 

Advanced age 

Immunosuppression 


Table 57. Strategies and Techniques to Prevent Pressure 
Ulcers 


Pressure Relief Maneuvers 
Scheduled turning and body repositioning every 2 hours 


Not positioning the patient directly on the trochanter; placing the patient at a 30-degree angle 
when the patient is lying on the side 


Using pillows and foam wedges to prevent direct contact between bony prominences; avoiding 
donut-type devices, which may cause venous congestion and edema 


Using special protective devices for the heels or placing pillows under the lower extremities 


Limiting elevation of the bed to minimize shearing forces 
Pressure Relief Devices 


Mattresses that distribute local pressure over a wide area, such as overlay, foam, and fluid-filled 
mattresses 


Electric or battery-powered air-current mattresses and air-fluidized mattresses that redistribute 
pressure across the body 


Lifting devices to prevent the patient dragging across the bed sheets 
General Measures 
Vigilance for early signs of skin inflammation with hyperemia 


Avoiding hot water baths, using mild cleansing agents with moisturizers, and removing excess 
skin secretions and excretions 


Using topical agents such as mucus barriers in moist areas 
Adequate protein and caloric nutrition 
Early mobilization and physical therapy 


Data from: Pressure Ulcers in Adults: Prediction and Prevention. Clinical Practice Guideline 
Number 3. AHCPR Pub. No. 92-0047:May 1992 
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Nutrition 


Many studies have documented the importance of early (less than 24 hours after admission) 
nutritional support in critically ill patients, although nutrition in the early phase of resuscitation 
may not be effective because the nutrients may not be utilized efficiently. Critically ill patients 
have increased energy expenditures and often have underlying nutritional deficits. Malnutrition 
impairs wound healing and immunologic function and increases risk for infection and death. 
Although enteral nutrition is now preferred for most ICU patients, the specific conditions in 
which nutrition improves outcome are not clear, nor is the best route for nutritional support in 
different conditions clearly defined. In several randomized, controlled trials comparing gastric 
feeding with postpyloric feeding, no significant differences were found in the incidence of 
aspiration, pneumonia, ICU length of stay, or mortality rates. Prokinetic drugs, such as 
erythromycin, cisapride, and metoclopramide, may be useful in critically ill patients who have 
impaired gastric emptying. A balance must be achieved between underfeeding and overfeeding 
the critically ill patient. Underfeeding may be preferable in patients with very high energy 
requirements, such as in sepsis or trauma. In one study, patients who received between 33% and 
65% of calculated requirements had a lower mortality rate and a shorter duration of mechanical 
ventilation. However, failure to deliver at least 25% of calculated requirements increased 
infection and mortality rates. ICU patients generally require 25 to 30 nonprotein kcal/kg/d and 
1.0 to 1.5 protein kcal/kg/d to meet the energy expenditures associated with critical illness 
(Table 58). 


Studies comparing enteral and parenteral nutrition have reported fewer infections using enteral 
solutions but no change in sepsis rates, mortality rates, length of stay, or ventilator-free days. 
Underfeeding using parenteral nutrition with lipid-free or hypocaloric solutions does not prevent 
hyperglycemia or infections. Recent recommendations by the National Institute for Clinical 
Excellence state that parenteral nutrition should be limited to a maximum of 50% of the 
calculated requirements for the first 48 hours. Moderate glycemic control to a plasma glucose 
level below 150 mg/dL (8.3 mmol/L) with insulin is now an accepted practice in the ICU, 
particularly when parenteral nutrition is administered. Enteral and parenteral formulas enriched 
in arginine, omega-3 fatty acids, glutamine, and nucleotides are thought to enhance the immune 
response. Studies suggest that immunonutrition in specific subgroups of patients (for example, 
patients with trauma or after gastrointestinal surgery) may decrease infections but does not 
ultimately decrease mortality rates. 


Traditionally, the Harris-Benedict equation has been the standard for determining energy 
requirements of critically ill patients, although its use is limited in ventilator-dependent patients, 
patients who are either morbidly obese or severely malnourished and underweight, transplant 
recipients, and patients with marked fluid overload, ascites, extensive limb amputations, or 
paraplegia. Indirect calorimetry to measure energy expenditure from exhaled gas measurements 
is an alternative method of estimating nutritional requirements that is more accurate than the 
Harris-Benedict equation in critically ill patients. However, technical limitations and cost limit 
its usefulness. Serum prealbumin levels can be used to monitor the adequacy of nutrition; a level 
less than 5 mg/dL (50 mg/L) indicates severe protein and caloric malnutrition. 


Table 58. Special Nutritional Requirements in Critical 
Illness 


Disorder Special Nutrition Requirements 
Hepatic Decrease protein intake to <1g/kg/d only if encephalopathy is present. Give amino 
failure acid formulations high in branched-chain amino acids and low in aromatic amino 


acids if encephalopathy refractory to lactulose therapy is present. 

Renal failure In chronic renal insufficiency, restrict protein intake to 0.6-1.0 g/kg/d if not on 
hemodialysis. If on dialysis, increase protein to 1.2-1.3 g/kg/d. Do not restrict 
proteins in acute renal failure. 

Respiratory Decrease carbohydrate calories and increase fat calories if severe hypercapnia is 

failure refractory to mechanical ventilation. 

Burns Require total calories of 30 kcal/kg/d. Increase protein intake to >2.5 g/kg/d. 
Supplemental glutamine and arginine may decrease infections. 

Pancreatitis Give elemental or peptide-based jejunal enteral feedings (preferred) for severe 
pancreatitis or use total parenteral nutrition and monitor lipid intake, maintaining 
triglyceride levels <400 mg/dL (4.52 mmol/L). 
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End-of-Life Care 


The transition from aggressive, life-sustaining interventions to comfort care occurs routinely in 
the ICU. The right of patients with the capacity for decision-making to refuse all treatments is 
well established, and all interventions, including artificial nutrition and hydration, can be 
terminated by the choice of a fully competent patient. However, critically ill patients often 
cannot make their own medical decisions. Advanced directives can be useful in that they 
typically designate a proxy for medical decision-making and articulate preferences for care in 
various clinical situations. However, patients often lack directives, or the information contained 
in an existing directive does not apply to the patient’s condition. As a result, the decision whether 
to transition to comfort care is frequently determined by surrogates in consultation with the 
medical team. 


Research over the past 20 years indicates that family members of patients dying in the ICU are 
often dissatisfied with their communication with health care providers and commonly experience 
anxiety, depression, and posttraumatic stress disorder in the aftermath of the hospitalization. 
Accessibility, continuity, attentive listening, emotional support, recognition of the patient’s 
values, and encouraging questions on the part of ICU staff improve satisfaction. A recent study 
found that a structured family conference that combined communication with a brochure on 
bereavement reduced anxiety, depression, and posttraumatic stress disorder symptoms among 
family members. Achieving consensus on prognosis and treatment course among providers is 
also important, as receipt of conflicting information is burdensome to families. 


Early and frequent interactions with family members, as well as early involvement of specialists 
in palliative care, also help address the end-of-life needs of patients and families. It is important 
to assure family members that their loved one will not suffer during the process of withdrawing 
life-sustaining therapies. A standardized approach to terminal ventilator weaning that includes a 
step-wise reduction in ventilator support with close monitoring for distress and appropriate 
dosage of sedatives can facilitate a comfortable transition for the patient. 
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Approach to the Patient with Suspected Rheumatic Disease 


The assessment of a patient with musculoskeletal symptoms of rheumatic disease should initially 
differentiate between inflammatory and noninflammatory features (Table 1). Inflammatory 
arthritis usually manifests as the five cardinal signs of inflammation: (1) swelling, (2) warmth, 
(3) erythema, (4) tenderness, and (5) loss of function. Determining the pattern of joint 
involvement helps refine the differential diagnosis (Table 2). 


Table 1. Features of Inflammatory Versus Noninflammatory 
Arthritis 


Type of Arthritis 
Feature Inflammatory Noninflammatory 
Physical Joint inflammation (warmth, erythema, soft- No signs of inflammation; 
examination tissue swelling, effusion) bony proliferation in 
findings osteoarthritis 
Morning stiffness Lasting (generally) >1 hour Lasting <1 hour 
Systemic Low-grade fever, fatigue, rash None 
symptoms 
Synovial fluid Leukocyte count >2000/uL, predominantly Leukocyte count <2000/uL, 
neutrophils <50% neutrophils 
Other laboratory ESR and/or CRP often (but not always) Normal findings 
studies elevated; anemia of chronic disease; positive 
rheumatoid factor or anti-CCP antibodies 
Radiographs Erosions, periostitis, joint-space narrowing Joint-space narrowing, 
osteophytes, subchondral 
sclerosis 


CCP = cyclic citrullinated peptide; CRP = C-reactive protein; ESR = erythrocyte sedimentation 
rate. 


Table 2. Patterns of Joint Involvement in the Differential 
Diagnosis of Inflammatory Arthritis 


Differential Joint Involvement 

Diagnosis Symmetri Asymmetr Spine Monoarticul Oligoarthrit Polyarthrit Migrator 
c ic ar is is y 

Bacterial — ++++ ++ ++++ +++ + - 

(non-GC) 

arthritis 


Crystalline 


arthropathie 
S 


Gout + ++++ + +++ +++ + + 
Pseudogout ++ +++ = +++ ++ ++ 
Rheumatoid ++++ — +++ — + ++++ 
arthritis 
(cervic 
al spine 
only) 
Psoriatic ++ +++ + ++ +++ ++ 
arthritis 
IBD ++ +++ + ++ +++ ++ 
Disseminate ++++ ++++ ++++ 
d GC 
arthritis 
Lyme ++++ ++++ ++++ 
disease 
Acute ++++ ++ +++ ++++ 
rheumatic 
fever 


—= extremely unlikely; + = can occur; ++ = frequent; +++ = very common; ++++ = most 
common; GC = gonococcal; IBD = inflammatory bowel disease. 


Key Points 


Inflammatory arthritis typically presents with the five cardinal signs of inflammation, 
namely, swelling, warmth, erythema, tenderness, and loss of function. 

Full, painless range of motion of a joint suggests that the patient’s “joint pain” is actually 
referred from another anatomic area. 

Immediate synovial fluid analysis is indicated in patients with monoarticular swelling to 
exclude bacterial infection. 

An infectious cause of monoarthritis and crystalline arthritis can coexist. 

Serologic tests, such as antinuclear antibody and ANCA assays, should be ordered when 
the clinical findings suggest the presence of a specific disease and not to screen for 
autoimmune disease in general. 

A positive antinuclear antibody test has no clinical significance if not accompanied by 
clinical evidence of systemic lupus erythematosus or a related disease. 

Testing for c-ANCA and the antiproteinase-3 antibody is very useful in confirming a 
suspected clinical diagnosis of Wegener granulomatosis, but the extent to which this 
testing is useful for following disease activity is controversial. 


e Joint aspiration should always be performed in patients with monoarticular arthritis 
because of the potential for infection. 

e A synovial fluid leukocyte count above 2000/uL indicates inflammation and a count 
above 50,000/uL suggests infection. 
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Localized Versus Diffuse Rheumatic Pain 


e Localized Rheumatic Pain 
e Diffuse Rheumatic Pain 
e Referred Rheumatic Pain 
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Localized Rheumatic Pain 


Careful questioning is necessary to identify whether the patient has joint pain or periarticular 
pain, and asking the patient to point to the location of the pain with one finger can be helpful. 
Pain that truly emanates from the hip joint typically is experienced in the groin and medial thigh. 
Patients who report “hip pain” may actually have pain in the buttock or in the lateral thigh. 
Buttock pain can represent referred lumbar spine disease, sciatica, or ischial bursitis; lateral thigh 
pain usually indicates trochanteric bursitis, often accompanied by iliotibial band syndrome. 


Pain from a glenohumeral joint disorder will be experienced medial to the humeral head and a 
few centimeters below the clavicle, but periarticular pain involving the shoulder will have 
different locations. For example, rotator cuff tendinitis and subacromial bursitis tend to be more 
lateral and adjacent to the acromion. Distinguishing between problems in the shoulder and 
cervical spine can also be difficult. Neck pain can radiate to the trapezius region and be mistaken 
for a “shoulder” problem; if the shoulder range of motion is full and painless, however, this 
suggests a source in the cervical spine. 


Different joints are variably affected by different disorders. Rheumatoid arthritis and 
osteoarthritis can both involve the proximal interphalangeal joints of the hands, but 
metacarpophalangeal joint involvement occurs in rheumatoid arthritis and not osteoarthritis. 
Distal interphalangeal joint involvement is characteristic of osteoarthritis but not rheumatoid 
arthritis. Unless a secondary condition, such as trauma, metabolic disorder, or inflammatory 
arthritis, has already affected the joint, osteoarthritis does not occur in the metacarpophalangeal, 
wrist, elbow, shoulder, and ankle joints. 
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Diffuse Rheumatic Pain 


Patients with rheumatic disease commonly report having “pain all over.” Although this symptom 
sometimes indicates polyarticular arthritis, more often the source of discomfort is the soft tissues 
around the joints. Patients with fibromyalgia, for example, typically have pain in nonarticular 
areas above and below the waist and on both sides of the body; elderly persons with polymyalgia 
rheumatica also have diffuse pain, with symptoms more localized to the neck, hips, and 
shoulders. Depression, somatoform pain disorder, and malingering also may manifest as diffuse 
musculoskeletal symptoms. 
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Referred Rheumatic Pain 


The site of origin of the pain may be remote from the area of the symptoms. When range of 
motion of a joint area is limited and painful, this joint is likely the source of the pain. The cause 
of the pain may be elsewhere if a joint can be moved painlessly. 


Frequently, symptoms of cervical radiculopathy are referred to the shoulder girdle area and can 
be mistaken for a shoulder problem. Shoulder pain is also a potential presentation of 
cholecystitis, with pain referred from the diaphragm. In the latter case, physical examination of 
the shoulder would show normal range of motion and would not reproduce the discomfort. 
Osteoarthritis of the hip may present with knee pain; in such a case, subjecting the hip to flexion 
and internal and external rotation by the FABERE (Flexion—Abduction— External Rotation- 
Extension) maneuver would demonstrate decreased range of motion and likely discomfort in the 
groin. Conversely, pain in the hip region may be due to osteoarthritis of the knee or to leg-length 
discrepancy. Osteoarthritis of the subtalar joint of the ankle can cause referred heel pain, and an 
abdominal aortic aneurysm can cause low back pain. Similarly, a commonly missed cause of 
knee pain is anserine bursitis; range of motion of the knee is full and painless, with no knee 
effusion, but exquisite tenderness is produced by pressing on the anserine bursa in the 
anteromedial knee, distal to the joint line. 
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Arthralgia, Periarthritis, and Bursitis 


e Arthralgia 
e Periarthritis 
e Bursitis 
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Arthralgia 


Arthralgia implies pain in a joint in the absence of signs of inflammation. A firm diagnosis is less 
likely to be established when joint pain exists in the absence of abnormal findings on physical 
examination. 
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Periarthritis 


Some common inflammatory processes can affect the soft tissues surrounding, but not involving, 
the joint. Such conditions are described as periarthritis and are usually regional and not 
widespread on physical examination. No diagnostic laboratory tests can differentiate periarthritis 
from arthritis, so the diagnosis is made on the basis of the history and physical examination. 
Periarthritic disorders of the shoulder region include rotator cuff tendinitis, bicipital tendinitis, 
and adhesive capsulitis (“frozen shoulder’). Medial epicondylitis (“golfer’s elbow”) and lateral 
epicondylitis (“tennis elbow”) are periarthritic disorders commonly seen around the elbow, and a 
periarthritic tendinitis of the thumb abductors and extensors (de Quervain tenosynovitis) often 
involves the wrist area. 
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Bursitis 


A bursa is a connective tissue sac with a potential space that facilitates smooth movement of one 
tissue over another. Bursitis results when a bursa becomes inflamed (usually from trauma or an 
overuse syndrome) or infected. As with other forms of periarthritis, the physical examination 
distinguishes bursitis from involvement of an adjacent joint. Subacromial bursitis is often seen 
over the shoulder; differentiating this condition from rotator cuff tendinitis is difficult but not 
always necessary, because the treatment for these conditions is similar. Olecranon bursitis 
commonly manifests as swelling and pain over the posterior elbow. Aspiration of the affected 
bursa and analysis of the synovial fluid are indicated to evaluate for an infectious cause. Other 
common forms of bursitis include trochanteric bursitis (lateral hip), prepatellar bursitis 
(“housemaid’s knee”), and anserine bursitis (proximal tibia). 
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Monoarticular Arthritis 


Acute monoarticular inflammatory arthritis is assumed to be infectious until proved otherwise by 
synovial fluid analysis and culture. Synovial fluid leukocyte counts are useful in suggesting the 


presence of an infectious arthritis; total leukocyte counts greater than 50,000/uL are strongly 
suggestive of bacterial arthritis. Bacterial septic arthritis is associated with significant morbidity 
and mortality and may cause irreversible joint destruction within a few days. Thus, early 
diagnosis and treatment are critical. 


In clinical practice, acute inflammatory monoarticular arthritis is usually due to gout or 
pseudogout. However, synovial fluid analysis should be performed to exclude an infectious 
cause because infectious and crystalline arthritis can coexist. The diagnosis of crystal-induced 
arthritis is confirmed by visualizing crystals under polarized light microscopy. Fever, peripheral 
blood leukocytosis, and elevated acute phase reactants all may be seen in either condition and are 
not useful for distinguishing crystalline from infectious monoarticular arthritis. 


Fungal or mycobacterial infections or Lyme disease may also manifest as monoarticular arthritis. 
Culture for fungi and mycobacteria is usually not indicated in the acute setting. Lyme disease 
may cause large joint effusions, especially of the knee. Serologic testing for Borrelia burgdorferi 
should be performed only in patients with a definite risk of exposure, including traveling to an 
endemic area, obtaining a tick bite in an endemic area, or having a characteristic rash (erythema 
chronicum migrans). 


Hemarthrosis may likewise result in monoarticular arthritis and may be caused by trauma from a 
fracture through the joint line into the joint space or internal derangement. An accompanying 
history of acute trauma or joint damage from overuse is usually suggestive of these entities. 
Patients with a bleeding diathesis or those being treated with anticoagulation therapy may be 
particularly at risk. Synovial fluid analysis does not reveal elevated leukocyte counts in these 
patients. 


Osteoarthritis can cause monoarticular symptoms but does not cause inflammatory monoarticular 
arthritis, unless a secondary complication (typically infection or crystalline deposition) exists. 
Avascular necrosis can be associated with an acute monoarticular arthritis, but synovial fluid 
leukocyte counts are not as elevated as in other types of inflammatory arthritis. Corticosteroid 
therapy, alcoholism, vasculitis, sickle cell disease, and trauma are clinical circumstances that 
should raise suspicion of avascular necrosis. 


Acute monoarticular arthritis is rarely the presenting symptom of rheumatoid arthritis or a 
connective tissue disease and therefore does not warrant routine testing for rheumatoid factor or 
antinuclear antibodies. However, arthritis associated with the seronegative spondyloarthropathies 
often does have a monoarticular presentation. Similarly, reactive arthritis, which includes the 
combination of arthritis, conjunctivitis, and urethritis and was formerly known as Reiter 
syndrome, frequently has a monoarticular presentation. In such patients, the involved joint is 
usually the knee or ankle, and a history of a diarrheal illness or sexually transmitted disease 
suggests the diagnosis. Sarcoidosis may present as monoarticular arthritis (usually of the ankle); 
Lofgren syndrome, a subset of sarcoidosis, manifests as arthritis, erythema nodosum, and hilar 
lymphadenopathy. 


Chronic monoarticular arthritis, defined by symptoms persisting for more than 6 weeks, has a 
different differential diagnosis from that of acute monoarticular arthritis. In the chronic form, for 


example, crystalline arthritis and pyogenic bacterial infections are much less likely. The 
evaluation of all patients with chronic monoarticular arthritis should include synovial fluid 
analysis and radiography of the affected joint to assess for characteristic bony or soft-tissue 
abnormalities; synovial biopsy is indicated when routine testing does not reveal a cause. The 
presence of inflammatory synovial fluid from patients with chronic monoarticular arthritis 
suggests mycobacterial or fungal septic arthritis, Lyme disease, or a seronegative 
spondyloarthropathy. Noninflammatory synovial fluid suggests a structural abnormality, 
avascular necrosis, internal derangement, or osteoarthritis. 
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Oligoarticular and Polyarticular Arthritis 


The differential diagnosis of acute oligoarticular arthritis (involving two to four joints) and acute 
polyarticular arthritis (involving more than four joints) is more extensive than that of acute 
monoarticular arthritis. Bacterial septic arthritis rarely involves more than one joint, but all other 
causes of acute monoarticular arthritis also may have an oligoarticular or polyarticular 
presentation. The causes of acute polyarticular and oligoarticular arthritis may be determined by 
considering the pattern and distribution of joint involvement. 


Infectious causes of acute polyarticular and oligoarticular arthritis include gonococcal arthritis; 
Lyme disease; endocarditis; acute rheumatic fever; and, most often, a virus. Viruses that are 
especially likely to cause acute polyarticular arthritis include hepatitis B and C, parvovirus B19, 
HIV, Epstein-Barr virus, and rubella. Noninfectious causes of polyarticular or oligoarticular 
arthritis include rheumatoid arthritis, systemic lupus erythematosus (SLE) and other connective 
tissue diseases, polyarticular gout, the arthropathies associated with seronegative 
spondyloarthropathies, sarcoidosis, and serum sickness. Systemic forms of vasculitis, such as 
Wegener granulomatosis, polyarteritis nodosa, and microscopic polyangiitis, also may be 
associated with polyarticular arthritis. Adult-onset Still disease, Behçet disease, relapsing 
polychondritis, palindromic rheumatism, familial Mediterranean fever, and Whipple disease are 
uncommon conditions that can manifest as an inflammatory polyarticular (or oligoarticular) 
arthritis. 


The temporal pattern of joint involvement may help clarify the diagnosis of polyarticular and 
oligoarticular arthritis. Gonococcal arthritis, Lyme disease, and acute rheumatic fever often have 
a migratory pattern in which symptoms are present in some joints for a brief period of time, 
remit, and later appear in different joints. An intermittent or episodic pattern characterized by 
repeated episodes of inflammatory arthritis with complete resolution between attacks is typical of 
gout, sarcoidosis, palindromic rheumatism, and reactive arthritis; less commonly, rheumatoid 
and psoriatic arthritis also may manifest in this manner. 


The distribution of joint involvement also helps to suggest the cause of inflammatory 
oligoarticular or polyarticular arthritis. Rheumatoid arthritis, viral infections, and SLE are 
typically associated with a symmetric joint distribution. Conversely, an asymmetric pattern is 
more typical of crystal-induced arthritis and the seronegative spondyloarthropathies. 


Chronic polyarticular arthritis is characterized by symptoms that persist for more than 6 weeks. 

Infections other than hepatitis C; HIV; and, rarely, parvovirus B19 are generally not associated 

with chronic polyarticular arthritis. Otherwise, most of the causes of acute polyarticular arthritis 
also may cause chronic symptoms. 
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The Musculoskeletal Examination 


A general screening musculoskeletal examination can help to determine the cause of a patient’s 
musculoskeletal symptoms. Inspection and careful palpation of each joint to assess for 
symmetry, swelling, warmth, tenderness, and crepitation can reveal if the joints are the source of 
the symptoms or if there is a periarticular cause. A familiarity with normal joint range of motion 
is necessary to identify pathologic abnormalities in the joints. 


Certain maneuvers can also elicit findings that suggest a specific cause of a joint problem. For 
example, watching the patient walk away, turn, and walk back can reveal gait abnormalities 
suggestive of a dysfunction of the hip, knee, ankle, or foot. Having the patient make a fist to see 
if the fingertips touch the palm can reveal limitation of range of motion of the interphalangeal 
joints. Inspection of the dorsum of the hands helps to assess whether interphalangeal joints are 
swollen, whereas inspection of the palmar side of the hands can reveal Dupuytren contracture. 


Observing a patient’s ability to laterally rotate the forearm and turn the palm upward (supination) 
can determine the presence of elbow dysfunction. Power grip and pinch grip should be checked 
to assess range of motion and strength of the fingers. Additionally, the metacarpophalangeal 
joints should be palpated to detect any synovial proliferation; synovial proliferation is often 
described as “boggy” or “squishy,” which is easily differentiated from the hard, discrete feeling 
of the bony hypertrophy typical of osteoarthritis. 


An inability to completely extend the elbow and fully supinate and pronate the hands raises 
suspicion for disease of the radioulnar joint. To test internal and external rotation and abduction 
of the shoulder, the examiner should ask the patient to put both hands together above the head 
(without elevating the scapulae), put both hands behind the head, and put both hands behind the 
back, with the thumb tip reaching the tip of the scapula. If a patient can perform these maneuvers 
without pain, shoulder joint involvement is unlikely. 


Eliciting the “apprehension sign” tests for impingement of the supraspinatus tendon between the 
humeral head and the acromion. In this test, the patient points the arm straight ahead as the 
examiner presses the proximal arm down toward the floor; a look of “apprehension” on the 
patient’s face indicates that impingement is occurring. To test for rotator cuff pathology, the 
patient should point the arm laterally and then pronate it, as if pouring out the contents of a 
beverage can (the “empty can” or Jobe test). In the presence of supraspinatus disease, pain is 
elicited when the patient resists abduction. 


By having the patient touch the tip of the chin to the chest, look up, and then look over each 
shoulder, the examiner can determine if range of motion in the cervical spine is intact in 
flexion/extension and rotation. The resulting fingertip-to-floor distance when the patient bends 
forward and touches the toes without bending the knees is an index of spinal motion, which can 
be significantly reduced in ankylosing spondylitis. Another measure of spinal motion is the 
modified Schober test, in which the sacral dimples of Venus are identified with the patient 
standing erect; the examiner then measures upward 10 cm and downward 5 cm. The resulting 15- 
cm line should lengthen by at least 5 cm as the patient flexes forward; a lesser distance indicates 
decreased range of motion. The previously mentioned FABERE maneuver involves having the 
patient put the heel on the contralateral knee with the examiner then pressing down on the medial 
flexed knee, which places the hip into external rotation. This puts stress on the ipsilateral 
sacroiliac joint and tests the range of internal and external rotation of the hip. Pain elicited with 
the “log roll” maneuver, which involves rolling the hip into internal and external rotation while 
in extension in a supine position, indicates arthropathy of the hip. A patient without impairment 
of the hip joint should be able to straighten the knee fully (extension) and to flex it so that the 
heel almost touches the buttocks. 


The “bulge sign” indicates the presence of excess synovial fluid within the knee joint cavity; this 
sign is easily demonstrated by “milking” the fluid with the hand from the medial to lateral side of 
the knee, followed by gently pressing on the lateral side with the fingers. A fluid wave of the 
viscous synovial fluid produces a bulge in the skin overlying the medial knee joint (Figure 1). In 
the ankle, look for limitations in flexion, extension, inversion, and eversion, which could indicate 
arthritis in the tibiotalar or subtalar joints. The feet should be observed with the patient standing 
to assess pronation of the midfoot, a very common cause of foot pain, and to detect pes planus. 
Leg-length discrepancy is demonstrated by measuring from the anterior-superior iliac spine to 
the distal medial malleolus on the ipsilateral side, with the patient supine, and then comparing 
the result with the comparable measurement for the other leg. 


When systemic symptoms, such as fever or weight loss, are present, a general physical 
examination is necessary to detect signs of infection, malignancy, or nonarticular features of 
autoimmune disease. 


Figure 1. Bulge sign. 


The “bulge sign” indicates the presence of a knee effusion. First, the medial knee is stroked in a 
cephalad fashion (left panel). The lateral side of the knee is then stroked in the opposite direction 
(center panel). If an effusion is present, a “bulge” is seen medial to the patella (right panel). 


Reprinted with permission from Lawry GV. The General Musculoskeletal Examination Study 
Guide. Iowa City, IA: University of Iowa; 2002. 
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General Approach to the Patient with Multisystem Illness 


Rheumatoid Arthritis 


Dermatologic Lesions in Arthritis 
Fever and Arthritis 


Inflammatory Eye Disease and Arthritis 
Lung Disease and Arthritis 

Diarrhea and Arthritis 

Other Disorders Associated with Arthritis 
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Rheumatoid Arthritis 


The presence of rheumatoid factor in a patient with chronic polyarticular arthritis is suggestive 
but not diagnostic of rheumatoid arthritis. Anti—cyclic citrullinated peptide antibodies are more 
specific for rheumatoid arthritis, especially early in the disease course. The presence of 
subcutaneous nodules in the setting of chronic polyarticular arthritis also supports the diagnosis 
of rheumatoid arthritis. Rheumatoid arthritis does not affect the lower spine or the distal 
interphalangeal joints. 
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Dermatologic Lesions in Arthritis 


Photosensitivity, malar, and discoid rashes are features of SLE. Gottron papules over the 
metacarpophalangeal and proximal interphalangeal joints, a heliotrope rash over the eyelids and 
periorbital region, a “shawl sign” over the upper back and shoulders, and a “V-neck sign” over 
the upper chest suggest the diagnosis of dermatomyositis. Dry, cracked skin over the radial 
surfaces of the fingers and the thenar eminence (“‘mechanic’s hands”) suggests the presence of 
the antisynthetase syndrome associated with polymyositis. 


Psoriasis is associated with an underlying inflammatory arthritis in up to 30% of patients with 
skin disease; nail pitting suggests psoriatic arthritis, even in the absence of psoriatic skin lesions. 
Erythema marginatum is associated with acute rheumatic fever; erythema chronicum migrans is 
strongly associated with Lyme disease; and erythema nodosum is associated with sarcoidosis, 
enteropathic arthritis, and Behçet disease (Figure 2 and Figure 3). Pyoderma gangrenosum may 
be seen with an enteropathic arthritis, Behçet disease, and rheumatoid arthritis and most often 
manifests as ulcerations on the lower extremities (Figure 4). 


Palpable purpura and livedo reticularis suggest an underlying systemic vasculitis, and 
leukocytoclastic vasculitis may manifest as palpable purpura and may be associated with 
rheumatoid arthritis, SLE, Sjogren syndrome, or relapsing polychondritis. Keratoderma 
blennorrhagicum and circinate balanitis are features of reactive arthritis, whereas evanescent, 
salmon-colored rashes are characteristic of adult-onset Still disease (Figure 5). 


Figure 2. Erythema chronicum migrans. 


This condition manifests as large, expanding, erythematous annular lesions. Central clearing may 
develop as these lesions increase in size. 


Pi 


Figure 3. Erythema nodosum. 


This condition manifests as erythematous, tender, indurated nodules that most frequently develop 
over the lower extremities. 


Figure 4. Pyoderma gangrenosum. 


This condition manifests as rapidly expanding ulcerated lesions with irregular, dusky borders. 


Figure 5. Circinate balanitis. 


In uncircumcised men, this condition manifests as moist lesions with well-demarcated borders 
that develop on the penis; circumcised patients with this condition develop hyperkeratotic 
plaques. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Fever and Arthritis 


Fever is often a feature of polyarticular crystalline arthropathies, SLE, systemic vasculitis, 
infectious arthritis, and adult-onset Still disease. Notably, fever is not a common feature of 
rheumatoid arthritis and, if present, should trigger a search for an infectious cause. 
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Inflammatory Eye Disease and Arthritis 


The presence of inflammatory eye disease (conjunctivitis, scleritis, episcleritis, and anterior 
uveitis, all of which may manifest as a red eye) may help diagnose an underlying inflammatory 
arthritis. Photophobia and a painful eye are associated with scleritis and anterior uveitis but not 
with conjunctivitis. Conjunctivitis (and more rarely anterior uveitis or scleritis) occurs in some 
forms of reactive arthritis, and scleritis is a feature of rheumatoid arthritis, Wegener 
granulomatosis, and relapsing polychondritis. Uveitis is associated with the seronegative 
spondyloarthropathies and Lyme disease. SLE, sarcoidosis, and Behçet disease can affect the 
sclera and any part of the uveal tract. 
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Lung Disease and Arthritis 


Bibasilar interstitial lung disease is seen in rheumatoid arthritis, systemic sclerosis, and 
polymyositis/dermatomyositis. Ankylosing spondylitis is associated with upper lobe pulmonary 
fibrosis. Cavitary lung disease is a feature of Wegener granulomatosis. Microscopic polyangiitis 
and SLE are associated with pulmonary alveolar hemorrhage. Sarcoidosis can affect any part of 
the lung and the hilar lymph nodes. 


PreviousNext 


Diarrhea and Arthritis 


The onset of an inflammatory arthritis in the setting of a diarrheal illness suggests inflammatory 
bowel disease as the unifying diagnosis. Other forms of arthritis associated with diarrhea include 
reactive arthritis, Whipple disease, celiac disease, and the intestinal bypass arthritis-dermatitis 
syndrome. 
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Other Disorders Associated with Arthritis 


Raynaud phenomenon in the setting of polyarticular arthritis should raise suspicion for systemic 
sclerosis, SLE, polymyositis/dermatomyositis, or a systemic vasculitis. Dactylitis (fusiform 
swelling and tenderness of a finger or toe) is associated with the seronegative 
spondyloarthropathies, sarcoidosis, and sickle cell anemia. 
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Laboratory Studies 


e Metabolic Survey 
e Tests That Measure Inflammation 
e Specific Serologic and Antibody Tests 
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Metabolic Survey 


The testing of a patient with a suspected systemic disease always should include a complete 
blood count, metabolic profile, and urinalysis. Findings of anemia, leukopenia, 
thrombocytopenia, and abnormalities of hepatic or renal function are particularly informative 
because the presence of systemic abnormalities influences the differential diagnosis. Assessment 
of thyroid function is also essential in the setting of diffuse pain, fatigue, or weakness. 
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Tests That Measure Inflammation 


e Erythrocyte Sedimentation Rate and C-Reactive Protein 


e C3 and C4 
e CH50 
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Erythrocyte Sedimentation Rate and C-Reactive Protein 


An elevated erythrocyte sedimentation rate or C-reactive protein level does not always indicate 
inflammation just as normal results do not exclude it. In many patients, however, especially 
those with rheumatoid arthritis, these measurements fluctuate with disease activity, and the 
individual pattern must be established for each patient. 
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C3 and C4 


Patients with active SLE may have hypocomplementemia, although the absence of 
hypocomplementemia does not exclude lupus activity. Similarly, patients vary with regard to 
whether these complement levels fall with flares of disease and rise with response to treatment. 
Hypocomplementemia also may be seen in vasculitis or immune complex—mediated disorders 
such as rheumatoid vasculitis or infective endocarditis. Any disease process that entails 
complement consumption can lead to reduction of C3 and C4 levels. Reductions can be seen in 
C4 levels alone or in both C3 and C4 levels. However, reduction of C3 levels in the absence of 
reduction of C4 levels should raise the question of a laboratory error. 
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CHS50 


CH50 (total hemolytic complement) is a test of the entire classic complement pathway. It is most 
useful when a complement component deficiency is suspected, as in some patients with 
disseminated gonococcal infection, which can occur in patients with a deficiency of the terminal 
component of complement, C5 through C9. CH50 is not a particularly good test for measurement 
of complement activation because substantial complement component consumption must occur 
for the CH50 value to be reduced. 
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Specific Serologic and Antibody Tests 


Antinuclear Antibodies 

Anti—Double-Stranded DNA Antibodies and Anti-Smith Antibodies 
Antiribonucleoprotein Antibodies 

Anti-SSA and Anti-SSB Antibodies 

Anti—Scl-70 and Anticentromere Antibodies 

ANCA, c-ANCA, and p-ANCA 

Antiproteinase-3 and Antimyeloperoxidase Antibodies 

Anti-Jo-1 Antibodies 
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Antinuclear Antibodies 


The antinuclear antibody test is positive in virtually every patient with SLE and is primarily used 
to exclude this condition when the test is negative. A positive test result has low predictive value 
when the pretest probability of SLE or a related disease is low. Therefore, this test should not be 
used to screen indiscriminately for the presence of rheumatic disease. A positive result also may 
occur in the absence of a rheumatic disease in patients with Hashimoto thyroiditis, certain 
medication use (isoniazid, hydralazine, procainamide, and many anticonvulsants), and those who 
have a close relative with an autoimmune disease. Similarly, a nonspecific test such as the 
antinuclear antibody test might be positive at a high titer in the setting of an opportunistic 
infection with multiple-organ involvement, which could lead to confusion with SLE. 
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Anti—Double-Stranded DNA Antibodies and Anti-Smith 
Antibodies 


High titers of antibodies to double-stranded DNA are quite specific for SLE, but a negative test 
does not exclude the diagnosis. Anti—double-stranded DNA levels do not increase in all patients 
with active disease and have limited value in monitoring disease activity. The anti-Smith 
antibody is another specific but insensitive test for SLE. 


PreviousNext 


Antiribonucleoprotein Antibodies 


The antiribonucleoprotein antibody is strongly associated with mixed connective tissue disease 
but also can be seen in patients with SLE and myositis. 
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Anti-SSA and Anti-SSB Antibodies 


Anti-SSA and anti-SSB antibodies (sometimes referred to as anti-Ro and anti-La, respectively) 
are seen in Sjögren syndrome, but their presence is neither sufficiently sensitive nor specific to 
establish or exclude the diagnosis. The anti-SSA antibody is also seen in patients with SLE, 
especially in patients who have subacute cutaneous lupus erythematosus. Infants of mothers with 
a positive anti-SSA antibodies are at risk for fetal heart block and neonatal lupus syndrome. 
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Anti-Scl-70 and Anticentromere Antibodies 


Two antibodies are associated with systemic sclerosis: anti-topoisomerase I (anti—Scl-70) and 
anticentromere. The anti—Scl-70 antibody is seen in approximately half of the patients with 
diffuse systemic sclerosis and is associated with the development of interstitial lung disease. The 
anticentromere antibody is associated with limited cutaneous systemic sclerosis. 
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ANCA, c-ANCA, and p-ANCA 


Testing for the presence of ANCA helps in the diagnosis of Wegener granulomatosis and, to a 
lesser extent, microscopic polyarteritis. The c-ANCA correlates with antibodies to proteinase-3, 
and the p-ANCA correlates with antibodies to myeloperoxidase. A positive result on an ANCA 
test is clinically significant only if the screening immunofluorescence test is associated with 
specific antibodies to proteinase-3 and myeloperoxidase. A positive ANCA test result with an 
atypical pattern is a nonspecific finding and can occur in infections or other types of vasculitis. 
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Antiproteinase-3 and Antimyeloperoxidase Antibodies 


Virtually all patients with active systemic Wegener granulomatosis have positive results on 
testing for antiproteinase-3 antibodies. However, a positive test is not sufficient to establish the 
diagnosis, and a biopsy is often necessary for certainty. Although controversial, measuring 
antiproteinase-3 antibody titers is probably not useful for following disease activity because the 
titers do not consistently correlate with disease activity. The presence of antimyeloperoxidase 
antibodies is associated with microscopic polyarteritis and some cases of Churg-Strauss 
syndrome. 
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Anti-Jo-1 Antibodies 


A number of antibodies are associated with various subsets of inflammatory myopathy. The anti- 
Jo-1 antibody is directed toward a transfer RNA synthetase. This antibody is associated with 
antisynthetase disorders, including inflammatory polyarticular arthritis; interstitial lung disease; 
dry, cracked skin over the radial surfaces of the fingers and the thenar eminence (““mechanic’s 
hands”); and Raynaud phenomenon in the setting of polymyositis or dermatomyositis. 
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Imaging Studies in Rheumatic Diseases 


e Radiography 
e CT and MRI Scanning 


e Ultrasonography 
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Radiography 


Plain radiographs are adequate to assess most rheumatologic problems, but obtaining plain 
radiographs on initial evaluation is often unnecessary and not cost effective. Shoulder 
impingement in middle age, for example, can usually be diagnosed on the basis of the patient’s 
history and physical examination. Likewise, a typical presentation of hip or knee pain with use 
that is relieved with rest may be sufficient to diagnose osteoarthritis; radiography, in fact, is not 
usually indicated in patients with suspected osteoarthritis because of the poor correlation 
between the degree of radiographic abnormality and the anatomic and clinical disease severity. 


Plain radiographs of the hands and feet should be performed at the time of diagnosis in all 
patients with rheumatoid arthritis to detect erosions and joint-space narrowing. The presence of 
radiographic abnormalities early in the disease course is a poor prognostic sign and should lead 
to consideration of aggressive disease-modifying antirheumatic drug (DMARD) therapy. 
Shoulder radiographs help distinguish glenohumeral disease from rotator cuff pathology. 
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CT and MRI Scanning 


CT scans can show sacroiliac joint abnormalities not visible on radiographs but are less sensitive 
than MRIs. CT scans more accurately image the bony cortex, but MRIs can identify bone 
marrow edema due to sacroiliac joint inflammation. 


Bone marrow edema adjacent to the sacroiliac joints can be detected by an MRI years before 
plain radiographs show sacroiliitis; a definite diagnosis of ankylosing spondylitis can thus be 
made years before radiographs are diagnostic and effective treatment can be instituted. MRIs can 
also show pathologic abnormalities in the rotator cuff and knee and thus eliminate the need for 
arthrography. MRIs are also extremely sensitive in detecting soft-tissue infections, osteomyelitis, 
and avascular necrosis. Likewise, synovial proliferation and erosion not detectable on 
radiographs can be seen on MRIs very early in the course of rheumatoid arthritis; however, no 
consensus yet exists regarding how MRI should be used in this setting. 
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Ultrasonography 


The sonograms produced by musculoskeletal ultrasonography can show pathologic abnormalities 
and tears in the rotator cuff, synovial proliferation (and perhaps erosions), joint effusions, and 
fluid collections around joints that require aspiration. However, the usefulness of 
ultrasonography is more dependent on the skill of the operator than is the case with radiography. 
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Joint Aspiration 


Sampling synovial fluid is the most definitive way to determine whether or not an inflammatory 
process is present in a joint. Joint aspiration is particularly important in patients with 
monoarticular arthritis because of the potential for infection. A synovial fluid leukocyte count 
above 2000/uL with a predominance of neutrophils indicates inflammation. As the leukocyte 
count increases, with a higher percentage of neutrophils, the probability of infection increases. 
There is no evidence-based threshold for diagnosing septic arthritis, but a leukocyte count in 
excess of 50,000/uL is highly suspicious for infection. Analysis of synovial fluid with a 
polarized light microscope can identify the crystals of gout (monosodium urate) and pseudogout 
(calcium pyrophosphate). Routine measurement of protein and glucose in synovial fluid is 
unnecessary. Gram stain and culture should always be performed whenever there is a clinical 
suspicion of infection. 
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Principles of Therapeutics 


Evaluation of Disease Progression 


Anti-Inflammatory Agents 
Immunosuppressive Agents and Disease-Modifying Antirheumatic Drugs 


Biologic Agents 

Lifestyle Modification 

Management of Risk Factors for Cardiovascular Disease 

Special Issues in Patients Taking Pharmacologic Immunosuppressants 


Complementary Medications 


Key Points 


e The Health Assessment Questionnaire and Disease Activity Score are tools that can be 
used in the office to evaluate the condition of a patient with rheumatoid arthritis. 

e Inpatients using NSAIDs, concomitant use of a proton pump inhibitor reduces the risk 
for serious gastrointestinal toxicity. 

e Use of a selective cyclooxygenase-2 inhibitor is believed to reduce inflammation and 
pain without affecting the protective effects of COX-1 on the gastric mucosa and 
platelets. 

e All nonselective NSAIDs and celecoxib should be regarded as having some increased 
risk of cardiovascular disease and may not be appropriate for patients with established 
cardiovascular disease. 

e Both selective and nonselective NSAIDs reduce prostaglandin-mediated renal blood flow 
and may cause acute renal failure in patients with renal insufficiency. 

e Use of bisphosphonates and vitamin D and calcium supplementation are important to 
prevent bone loss in men and postmenopausal women using more than 5 mg/d of 
corticosteroids for longer than 3 months but should be used cautiously in premenopausal 
women. 

e Contraindications to methotrexate therapy include liver disease, abnormal findings on 
liver chemistry studies, and regular alcohol consumption. 

e Macular toxicity is a side effect of hydroxychloroquine therapy, and referral to an 
ophthalmologist for a baseline examination and routine monitoring is indicated. 


e Women using leflunomide who plan to become pregnant must discontinue this agent and 
undergo a course of cholestyramine elimination therapy before attempting pregnancy. 

e Patients with thiopurine methyltransferase deficiency should receive significantly lower 
doses of azathioprine than other patients. 

e Frequent complete blood counts and urinalyses and prompt evaluation of gross hematuria 
are critical in patients treated with cyclophosphamide. 

e Combination therapy with two biologic agents is contraindicated in patients with 
rheumatic disease. 

e Combination therapy with methotrexate and a tumor necrosis factor a inhibitor is 
superior to either agent alone in patients with rheumatoid arthritis. 

e Tumor necrosis factor a inhibitors are not indicated for patients with indolent chronic 
infections or significant and active infections. 

e Abatacept is approved for the treatment of rheumatoid arthritis that does not respond 
adequately to methotrexate therapy. 

e Rituximab is approved for the treatment of rheumatoid arthritis that is unresponsive to 
tumor necrosis factor a inhibitor therapy. 

e A careful history of exposures to tuberculosis and tuberculin skin testing should be 
performed before initiating tumor necrosis factor a inhibitor therapy. 

e Pneumococcal vaccination is safe in already immunosuppressed patients and is indicated 
for patients undergoing immunosuppressive therapy. 
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Evaluation of Disease Progression 


Outcome measures help to evaluate disease progression in patients with the rheumatic diseases. 
These tools also help to assess the efficacy of treatment and guide treatment decisions. 
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Health Assessment Questionnaire 


The Health Assessment Questionnaire (HAQ) can be used to evaluate patients with rheumatoid 
arthritis, systemic lupus erythematosus (SLE), the seronegative spondyloarthropathies, systemic 
sclerosis, and fibromyalgia. This tool has been validated in monitoring the patient response to 
treatment and is used as a standard outcome measure in clinical trials of therapeutic agents. The 
HAQ does not require special training and can be used in the office setting. It is available at 
http://aramis.stanford.edu/downloads/2005BruceCERS 14. pdf. 


In the HAQ, patients answer questions that assess their functional capacity in dressing, rising, 
eating, walking, hygiene, reach, grip, and usual activities. These questions assess the extent of 
difficulty involved in performing various tasks, such as getting dressed and entering and exiting 
a bathtub. Answers are scored on a scale of 0 (no difficulty) to 3 (inability to do). The HAQ 


index is the mean of the scores from these eight domains and ranges from 0 to 3. An HAQ index 
greater than 1 indicates a significant degree of disability. 
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Disease Activity Score 


The Disease Activity Score (DAS) is a validated tool for assessing patients with rheumatoid 
arthritis at any point in their disease course. This tool also is used in clinical trials, in studies 
comparing different therapeutic regimens, and in the office. 


The DAS is calculated using a complex equation that involves the tender joint count, swollen 
joint count, a patient assessment of general health by a visual analogue scale, and the 
measurement of the erythrocyte sedimentation rate or C-reactive protein level. The DAS28 is a 
shorter, simpler version of this tool and is more practical for use in clinical practice. These tools 
are available online at www.das-score.nl/index.html. 


The Tight Control in Rheumatoid Arthritis (TICORA) trial demonstrated that adjusting treatment 
toward a DAS target produced better results in patients with rheumatoid arthritis than routine 
care. This finding suggests that management of rheumatoid arthritis may eventually resemble 
management of diabetes mellitus, in whom the hemoglobin Aj, level is used to adjust treatment. 
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Anti-Inflammatory Agents 


e NSAIDs 
e Corticosteroids 
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NSAIDs 


NSAIDs relieve musculoskeletal pain, regardless of whether inflammation is the cause. Their 
mechanism of action is the nonspecific inhibition of the cyclooxygenase (COX)-2 enzyme, 
which is involved in the production of inflammatory prostaglandins. NSAIDs also are effective 
in treating systemic conditions, such as fever and pleuritis. 


Many NSAIDs have similar efficacy, and they all have a similar toxicity profile. Stomach ulcers, 
perforation, and gastrointestinal bleeding develop in a small percentage of patients treated with 
NSAIDs; these effects are more likely to occur in patients treated with concomitant warfarin, H2 


blockers, and corticosteroids, as well as in patients with a history of ulcers and cardiovascular 
disease. 


H: blockers do not protect against NSAID-induced stomach ulcerations. Concomitant use of a 
proton pump inhibitor reduces, but does not eliminate, the risk for serious gastrointestinal 
toxicity. 


All traditional or nonselective NSAIDs inhibit COX-1 and COX-2 enzymes. COX-1 is 
responsible for the production of prostacyclin, which protects the gastric mucosa; COX-2 is an 
inducible form of COX primarily responsible for mediating pain and inflammation. Selective 
inhibition of COX-2 is believed to reduce inflammation and pain without affecting the protective 
effects of COX-1. Use of the selective COX-2 inhibitor celecoxib has been shown to reduce the 
risk of recurrent NSAID-induced bleeding as effectively as coadministration of a nonselective 
NSAID and a proton pump inhibitor. 


However, selective COX-2 inhibition is associated with cardiovascular toxicity. The selective 
COX-2 inhibitors rofecoxib and valdecoxib have been removed from the market because of a 
significant increase in cardiovascular events believed to involve COX-2 inhibition; celecoxib is 
the only currently available agent that selectively inhibits COX-2 without affecting COX-1. 


Studies comparing the cardiovascular risks of celecoxib and nonselective COX-2 inhibitors have 
produced conflicting results, but celecoxib appears to be associated with no higher risk for 
cardiovascular toxicity than nonselective agents. However, numerous studies have shown that 
several NSAIDs are associated with an increased relative risk for cardiovascular events but are 
not consistent in identifying which NSAIDs are associated with this risk. Therefore, all 
nonselective NSAIDs and celecoxib should be regarded as having some increased risk for 
cardiovascular disease and may not be appropriate for patients with established cardiovascular 
disease. 


Both selective and nonselective NSAIDs reduce prostaglandin-mediated renal blood flow and 
may cause acute renal failure in patients with renal insufficiency. All NSAIDs except celecoxib 
and nonacetylated salicylates such as salsalate also inhibit platelet function and may potentially 
worsen asthma or inflammatory bowel disease. Patients who are allergic to aspirin may 
sometimes be safely treated with nonacetylated salicylates, but these agents should be used 
cautiously. 
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Corticosteroids 


Corticosteroid therapy is appropriate in patients with rheumatoid arthritis who have significant 
limitations in their activities of daily living. These agents are particularly beneficial early in the 
disease course until DMARD therapy, which has a slow onset of action, becomes effective. 
Corticosteroids should be tapered to the lowest effective dose and discontinued when feasible. 


Manifestations of corticosteroid toxicity include weight gain, cushingoid features, osteoporosis 
(with fracture), avascular necrosis, infection, diabetes mellitus, hypertension, cataracts, and an 
increase in serum cholesterol levels. Maintaining a prednisone dosage of 5 mg/d or less often 
decreases the toxic effects. 


Bone loss occurs rapidly in the first 6 months of corticosteroid treatment. Baseline bone mineral 
density testing should be performed on all patients started on long-term corticosteroids. 
Bisphosphonates as well as vitamin D and calcium supplementation are recommended for men 
and postmenopausal women taking corticosteroids at a dosage of more than 5 mg/d for longer 
than 3 months. Bisphosphonates are category C agents in pregnancy and should be used 
cautiously in premenopausal women. Corticosteroids may also cause adrenal insufficiency, 
which can be prevented by tapering the corticosteroid dosage slowly over several months and 
adding supplemental corticosteroid replacement during times of stress. 
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Immunosuppressive Agents and Disease-Modifying 
Antirheumatic Drugs 


In patients with rheumatoid arthritis, DMARD therapy reduces bone and cartilage damage. All 
patients with rheumatoid arthritis should begin DMARD therapy as soon as the diagnosis is 
established; patients with rheumatoid arthritis who begin DMARD therapy within the first 3 
months of disease onset have an improved long-term outcome. 


Combination DMARD therapy is more effective than single-agent therapy. No consensus yet 
exists regarding the most effective way to use DMARDs to treat rheumatoid arthritis. Patients 
commonly undergo 3 to 6 months of methotrexate therapy; if the clinical response is inadequate, 
sulfasalazine and hydroxychloroquine, or a tumor necrosis factor a (TNF-a) cyclooxygenase 
inhibitor, can be added. 


Oral DMARDs typically take 3 months to produce a clinical response and up to 6 months for a 


full response. Biologic DMARDs require less time to demonstrate efficacy. 
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Methotrexate 


Methotrexate is the DMARD of choice for most patients with rheumatoid arthritis. If 
methotrexate is at least partially effective, it should be continued as other agents are added. 


Methotrexate therapy inhibits folic acid metabolism and may cause stomatitis, nausea, and 
diarrhea. Folic acid supplementation may reduce these side effects. Bone marrow suppression 
rarely occurs but may develop in elderly patients treated with low doses of this agent. 


The most common severe adverse effect of methotrexate is hepatotoxicity, and a temporary but 
acute increase in liver enzyme levels may occur. The risk of hepatotoxicity is increased by 
alcohol consumption, pre-existing liver disease, and possibly diabetes and obesity. Methotrexate 
also suppresses the immune system and increases the risk for opportunistic infection. 
Contraindications to methotrexate therapy include liver disease, abnormal findings on liver 
chemistry studies, and regular alcohol consumption. 


Measuring serum methotrexate levels is not helpful in monitoring therapeutic efficacy. Patients 
using methotrexate should undergo monthly liver chemistry studies and a complete blood count 
until the dosage is stable and every 4 to 8 months thereafter. 


Liver biopsy is indicated in patients treated with methotrexate who have persistently elevated 
liver chemistry study results or decreased serum albumin levels. In patients with persistently 
elevated liver study results, the methotrexate dosage should be decreased or therapy 
discontinued. 
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Hydroxychloroquine 


Hydroxychloroquine is most commonly used to treat rheumatoid arthritis and SLE. This agent 
has a slow onset of action and may require 3 to 6 months of therapy to gain full efficacy. 


Hydroxychloroquine is contraindicated in patients with renal or hepatic insufficiency. Macular 
toxicity is a severe side effect of hydroxychloroquine therapy but is unlikely at a dosage of 6.5 
mg/kg/d or less and rarely occurs before completion of 5 years of treatment. Nevertheless, 
referral to an ophthalmologist for a baseline examination and routine monitoring every 6 to 12 
months is indicated in patients using hydroxychloroquine. Nausea and skin discoloration also 
occasionally occur. 


Hydroxychloroquine is a category C agent in pregnancy, and conception should be avoided 


during its use. However, if pregnancy does occur, expert opinion considers use of this agent to be 
appropriate because the benefits outweigh the risks. 
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Sulfasalazine 


Patients treated with sulfasalazine should be monitored for neutropenia and elevated 
aminotransferase levels every | to 3 months. Gastrointestinal intolerance due to nausea or 
abdominal pain may occur, but an enteric-coated preparation is available. 


Sulfasalazine is contraindicated in patients with sulfa allergy or glucose-6-phosphate 
dehydrogenase deficiency but is considered safe during pregnancy (category B agent in 
pregnancy). 
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Leflunomide 


Leflunomide is as effective as methotrexate in the treatment of rheumatoid arthritis. This agent 
should be started at a lower dose when used concomitantly with methotrexate. 


The most common side effects of leflunomide include diarrhea, nausea, and hair loss. Use of a 
loading dose is associated with diarrhea and hepatotoxicity; this agent is more commonly begun 
at a dosage of 10 mg/d that, if tolerated, is increased. 


Because leflunomide is teratogenic, women who plan to become pregnant must discontinue this 
therapy and undergo a course of cholestyramine elimination therapy. Women should attempt 
pregnancy only when serum leflunomide levels are less than 0.02 mg/L on two occasions at least 
14 days apart. 


Aminotransferase levels should be measured monthly to monitor for hepatotoxicity. If levels are 
persistently elevated or if the drug is not tolerated, the dosage of leflunomide should be 
decreased. 
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Azathioprine 


Azathioprine is approved for the treatment of rheumatoid arthritis but is more commonly used as 
a corticosteroid-sparing agent in patients with SLE and systemic vasculitis. 


Patients using azathioprine should undergo periodic complete blood counts and liver chemistry 
studies. Patients with a genetic deficiency of thiopurine methyltransferase (TPMT), the primary 
enzyme responsible for metabolizing azathioprine, are highly susceptible to serious azathioprine 
toxicity, such as pancytopenia. Therefore, although this condition is rare, genotype testing for 
TPMT may be warranted before initiating azathioprine therapy. Patients with this deficiency 
should be given lower doses of this agent than other patients. Rarely, azathioprine causes a 
hypersensitivity reaction characterized by fever and a severe flu-like syndrome that resolves 
upon withdrawal of this agent. 
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Cyclophosphamide 


Cyclophosphamide is primarily used to treat lupus nephritis and systemic vasculitis and is an 
effective initial therapy for Wegener granulomatosis. 


Daily oral cyclophosphamide is more potent than that administered by other routes but is 
associated with more severe toxicity, especially hemorrhagic cystitis, cytopenias, bladder cancer, 
and leukemia. Monthly intravenous administration usually prevents toxicity and has become the 
gold standard for the treatment of lupus nephritis. 


Frequent complete blood counts and urinalyses, as well as prompt evaluation of gross hematuria, 


are critical in patients treated with cyclophosphamide. After several months of oral or 
intravenous therapy, progressive cytopenias may necessitate a dosage reduction. 
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Mycophenolate Mofetil 

Mycophenolate mofetil was developed to prevent rejection of transplanted organs but has 
emerged as an off-label treatment for lupus nephritis, for which it is as effective as intermittent 
intravenous cyclophosphamide therapy with considerably less toxicity. 

Mycophenolate mofetil has been associated with birth defects and is therefore contraindicated 


during pregnancy. Women of child-bearing age should use effective contraception while taking 
this agent. 
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Cyclosporine 


Cyclosporine is effective in the treatment of rheumatoid arthritis. However, the cost and potential 
for severe renal toxicity associated with this agent even in low doses have limited its use. 
Monitoring of blood pressure and serum creatinine levels is essential to prevent permanent renal 
damage. 
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Biologic Agents 


Biologic agents are used to treat rheumatoid arthritis as well as other systemic autoinflammatory 
conditions. Therapy with more than one biologic agent does not increase efficacy and causes a 
definite increase in infectious toxicity and is therefore contraindicated. 
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Tumor Necrosis Factor a Inhibitors 


TNF-a inhibitors generally are well tolerated and may be effective as early as 1 to 2 weeks after 
initiation of therapy, whereas oral immunosuppressive agents usually require 2 to 3 months to 
produce an effect. In patients with rheumatoid arthritis, all TNF-a inhibitors prevent damage of 
bone and cartilage more effectively than methotrexate alone. Combination therapy with 
methotrexate and a TNF-a inhibitor also has consistently been shown to be more effective than 
single-agent TNF-a inhibitor therapy. Therefore, these agents are often administered 
concomitantly with methotrexate. 


The TNF-a inhibitors etanercept, infliximab, and adalimumab are effective in rheumatoid 
arthritis, and several more TNF-a inhibitors are anticipated to be released during the next few 
years. Etanercept is a genetically engineered human fusion protein; adalimumab is a fully human 
monoclonal antibody to TNF-a; and infliximab is a chimeric antibody specific for human TNF-a. 


The efficacy of infliximab is believed to decrease with repeated dosing unless methotrexate is 
administered concomitantly; this decreased efficacy is believed to occur because the patient 
develops an immune response to the chimeric antibody. Approximately 1% of patients treated 
with infliximab develop serious infusion reactions. 


TNF-a inhibitors should be used in consultation with a rheumatologist. Rarely, serious infections 
have occurred in patients treated with these agents. Therefore, they are not indicated for patients 
with indolent chronic infections, such as osteomyelitis or tuberculosis, or for anyone with 
significant and active common infections. Patients with a serious infection such as pneumonia 
should discontinue treatment with these agents until they receive appropriate therapy for the 
infection and demonstrate significant improvement. 


Toxicity associated with the TNF-a inhibitors includes reactivation tuberculosis with fulminant 
extrapulmonary involvement. Purified protein derivative testing is indicated before beginning 
treatment with these agents, and positive results on this test warrant treatment for latent 
tuberculosis (see Special Issues in Patients Taking Pharmacologic Immunosuppressants). 


Rare cases of multiple sclerosis or demyelinating conditions such as optic neuritis have been 
reported but usually remit upon discontinuation of therapy. TNF-a inhibitors also may cause or 
exacerbate heart failure. 


TNF-a inhibitors have been associated with a drug-induced SLE syndrome. Approximately 10% 
of patients treated with TNF-a inhibitors develop antinuclear antibodies and anti—double- 
stranded DNA antibodies. There is also evidence that TNF-a inhibitors may increase the risk of 


cancer, particularly lymphoma, some solid cancers, and skin cancer. However, patients who are 
prescribed TNF-a inhibitors often have an increased risk of cancer because of their underlying 
disease; therefore, the causality is difficult to prove. Furthermore, associated treatments such as 
cyclophosphamide, methotrexate, and azathioprine also increase the risk of cancer. 


Studies attempting to demonstrate a relationship between TNF-a inhibitors and lymphoma and 
solid-organ malignancies have yielded mixed results. In a study that used the National Data Bank 
for Rheumatic Diseases, the odds ratio for developing melanoma was approximately 2.0 but did 
not reach statistical significance. Nevertheless, standard practice based on expert opinion is to 
discontinue TNF-a inhibitor therapy in patients who develop cancer, including melanomas. 
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Abatacept 


Abatacept is a biologic agent approved for the treatment of rheumatoid arthritis that does not 
respond adequately to methotrexate therapy. This agent can be used as monotherapy or in 
combination with methotrexate. 
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Rituximab 


Administration of rituximab, a monoclonal antibody to the B-lymphocyte surface antigen CD20, 
causes rapid and complete depletion of peripheral blood B cells in patients with rheumatoid 
arthritis. Rituximab has been approved since 1997 for the treatment of lymphoma. In 2006, it 
was approved for the treatment of rheumatoid arthritis that is unresponsive to one or more TNF-a 
inhibitors. Approximately 25% of patients treated with rituximab in phase III clinical trials 
showed at least 50% improvement in their condition. Studies are underway to assess the efficacy 
and safety of rituximab in the treatment of SLE. 


The mean duration of response to rituximab is 7 months. Repeated courses of this agent can be 


administered, although long-term data are not available. 
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Anakinra 


Anakinra, an interleukin-1 (IL-1) receptor antagonist, is administered daily via subcutaneous 
injection. Approximately 20% of patients with rheumatoid arthritis treated with this agent 
demonstrate a positive response. This agent also is used in patients with adult-onset Still disease. 
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Lifestyle Modification 


Lifestyle modifications are useful adjuncts to pharmacologic therapy in numerous rheumatologic 
diseases. Weight loss and the use of devices such as canes and walkers are critical in the 
treatment of osteoarthritis. In patients with osteoarthritis and rheumatoid arthritis, modification 
or discontinuation of certain activities that aggravate joint symptoms and may potentially 
promote disease progression is important. For example, continued involvement in an occupation 
requiring stooping and bending may worsen symptoms of osteoarthritis of the hips or knees. 
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Management of Risk Factors for Cardiovascular Disease 


Patients with rheumatoid arthritis and SLE have an increased incidence of cardiovascular 
disease. Lifestyle modifications targeted towards decreasing cardiovascular risk factors that are 
recommended for all patients, such as maintaining a healthy diet, engaging in moderate exercise, 
smoking cessation, and controlling blood pressure and lipid levels, are therefore particularly 
warranted in patients with rheumatoid arthritis. Smoking also has been shown to worsen the 
severity of rheumatoid arthritis, although there are no data showing that smoking cessation is 
specifically beneficial in this condition. In addition, control of lipid levels is important in patients 
with rheumatoid arthritis who are treated with corticosteroids, because these agents may increase 
lipid levels. 


Control of the underlying rheumatic disease in patients with rheumatoid arthritis may improve 
cardiovascular outcomes. For example, methotrexate therapy has been shown to reduce 
cardiovascular mortality in patients with rheumatoid arthritis. 


In patients with SLE and systemic sclerosis, aggressive control of hypertension and management 


of obesity, diabetes, and hyperlipidemia that are associated with coronary heart disease is 
similarly critical. 
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Special Issues in Patients Taking Pharmacologic 
Immunosuppressants 


Infection prophylaxis is critical in patients who undergo long-term immunosuppressive therapy. 
Administration of trimethoprim-sulfamethoxazole to prevent pneumocystis pneumonia in 


patients taking immunosuppressants remains controversial; evidence supporting the use of this 
therapy in these patients is limited. 


Reactivation tuberculosis is a major concern in patients treated with TNF-a inhibitors. Before 
initiating treatment with these agents, patients should undergo a careful assessment for latent 
tuberculosis, including exposure history, epidemiologic factors, chest radiography, and 
tuberculin skin testing or in-vitro lymphocyte activation. Patients at increased risk for this 
condition should undergo further evaluation for isoniazid prophylaxis. No consensus yet exists 
regarding how long isoniazid should be administered before starting TNF-a inhibitor therapy. 
Whether patients who previously have been treated for latent tuberculosis require additional 
treatment before starting TNF-a inhibitor therapy is uncertain. 


Even when appropriate suppressive treatment is administered, there is still a risk of reactivation 
tuberculosis during the period of TNF-a blockade. In addition, much of the reactivation is 
extrapulmonary, which raises challenges in identifying reactivation tuberculosis using chest 
symptoms and imaging of the chest as the primary monitoring tools. 


All patients undergoing immunosuppressive therapy should be considered for varicella-zoster 
virus vaccination more than 6 weeks before starting the immunosuppressive agent, but this 
vaccine is contraindicated in already immunosuppressed patients. Conversely, pneumococcal 
vaccination is safe in already immunosuppressed patients and is indicated for patients 
undergoing immunosuppressive therapy. All patients receiving immunosuppressive therapy also 
should undergo annual influenza virus vaccination. Generally, use of live vaccines such as 
vaccinia; varicella-zoster virus; measles, mumps, and rubella; or intranasal live attenuated 
influenza virus vaccinations should be avoided. 
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Complementary Medications 


Glucosamine and chondroitin sulfate are classified as nutritional supplements in the United 
States. N-acetylglucosamine is a critical component of hyaluronan. Chondroitin sulfate is one of 
the hydrophilic molecules in aggrecan, the predominant proteoglycan in articular cartilage. 
Because degradation of the hyaluronan-aggrecan complex occurs in osteoarthritis, use of these 
agents is hypothesized to benefit patients with this condition. 


At least two industry-sponsored trials in Europe showed that glucosamine was superior to 
placebo in relief of pain associated with osteoarthritis of the knee. In the 
Glucosamine/chondroitin Arthritis Intervention Trial (GAIT) of patients with symptomatic 
osteoarthritis of the knee showed that glucosamine, chondroitin sulfate, or combination therapy 
with these agents was not shown to be superior to placebo. However, a post hoc subanalysis 
showed that combination therapy with glucosamine and chondroitin sulfate was superior to 
placebo in patients with moderate to severe pain. 


Omega-3 fatty acids are found in oils from fish, plants, and nuts and may be beneficial in 
reducing cardiovascular disease risk. Several studies also have suggested that these agents may 
benefit patients with rheumatoid arthritis. However, these studies have not been definitive, and 
there currently is no sound evidence supporting the use of these agents to treat musculoskeletal 
conditions. 
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Rheumatoid Arthritis 


Pathophysiology and Risk Factors 

Disease Course 

Epidemiology 

Diagnosis 

Complications and Extra-Articular Manifestations 
Management 


Pregnancy and Rheumatoid Arthritis 
Prognostic Factors 


Key Points 


B-cell depletion therapy recently has been shown to have efficacy in the treatment of 
rheumatoid arthritis. 

Tumor necrosis factor a inhibitor therapy can benefit patients with active rheumatoid 
arthritis. 

Rheumatoid arthritis is characterized by a chronic inflammatory polyarthropathy that 
most often involves the small joints of the hands and feet in a symmetric pattern. 

The key features of rheumatoid arthritis are morning stiffness and symmetric swelling 
and tenderness in and around the small joints. 

Anti—cyclic citrullinated peptide antibody assays are more specific for rheumatoid 
arthritis than rheumatoid factor assays. 

Concomitant rheumatoid factor and anti—cyclic citrullinated peptide antibody positivity 
are highly specific for rheumatoid arthritis. 

MRI and ultrasonography are more sensitive imaging modalities for early erosive 
rheumatoid arthritis than radiography. 

Extra-articular manifestations of rheumatoid arthritis include ocular conditions such as 
scleritis and episcleritis; subcutaneous nodules; secondary Sjögren syndrome; 
pleuropericarditis and other lung diseases; and rheumatoid vasculitis. 

Patients with rheumatoid arthritis are particularly susceptible to infection. 

Evaluation for cervical instability with plain radiographs of the neck with flexion and 
extension views is indicated for patients with aggressive or long-standing rheumatoid 
arthritis, particularly those who will undergo intubation. 

Coronary artery disease is the leading cause of death in patients with rheumatoid arthritis. 
Patients with rheumatoid arthritis should be frequently monitored for drug toxicity and 
assessed with periodic radiographs to ensure continued response to therapy and disease 
control. 

Patients should begin disease-modifying antirheumatic drug therapy within 3 months of 
the onset of rheumatoid arthritis. 

Combination therapy with disease-modifying antirheumatic drugs typically is more 
effective than monotherapy in patients with rheumatoid arthritis. 

Screening for tuberculosis is indicated before beginning therapy with a biologic agent in 
patients with rheumatoid arthritis, and periodic purified protein derivative skin testing for 
tuberculosis is recommended during treatment with TNF-a inhibitors. 

Surgical therapy may be indicated for patients with destructive rheumatoid arthritis that 
cannot be managed pharmacologically. 

During pregnancy, most women with rheumatoid arthritis can safely discontinue therapy 
for this condition. 

In women with highly aggressive rheumatoid arthritis who are postpartum, breast feeding 
should be discontinued so that DMARD therapy can be resumed. 

Older age, the presence of erosions at baseline, rheumatoid factor positivity, high titers of 
rheumatoid factor, and anti—cyclic citrullinated peptide antibody positivity predict 
radiographic progression in rheumatoid arthritis. 

In patients with persistent polyarticular rheumatoid arthritis that is uncontrolled despite 
therapy, high titers of rheumatoid factor, and systemic extra-articular disease are 
associated with premature mortality. 
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Pathophysiology and Risk Factors 


Rheumatoid arthritis is a complex disorder of unknown cause. Experts believe that this condition 
occurs in response to an antigenic trigger, such as an infectious agent. Some evidence suggests 
that smoking may increase the risk for rheumatoid arthritis. 


Genetic factors comprise approximately one third of a patient’s susceptibility to rheumatoid 
arthritis. The best understood genetic factor associated with this condition is the shared epitope, a 
conserved region on chromosome 6 that encodes the class II major histocompatibility locus. The 
presence of HLA-DRB1*0401 or HLA-DRB1*0404 is highly associated with the onset of 
rheumatoid arthritis. 


Pathologic changes in the joint begin in the synovial lining of the diarthroidal joints. Early 
changes include neovascularization and thickening of the normally thin, delicate synovial 
membrane. Infiltration of the tissues with leukocytes and increased expression of adhesion 
molecules, proteolytic enzymes, cytokines, and other inflammatory mediators also occur. 


Synovial macrophages act as antigen-presenting cells through HLA-DR. The most likely inciting 
incident in the development of rheumatoid arthritis is activation of the T cell by a putative 
antigen in a genetically susceptible patient. B lymphocytes produce autoantibodies, secrete 
proinflammatory cytokines, and can act as antigen-presenting cells in the synovium. B-cell 
depletion therapy recently has been shown to be beneficial in patients with rheumatoid arthritis. 


Synovial proliferation leads to the development of pannus, which acts as a localized tumor that 
invades cartilage and bone. The rheumatoid synovium contains abundant osteoclast-like synovial 
macrophages, which are the primary cells involved in bone and cartilage destruction. 


Numerous cytokines are involved in the pathogenesis of rheumatoid arthritis, and many may be 
potential targets for biologic therapies. Tumor necrosis factor a (TNF-a) plays a critical role in 
initiating and perpetuating the inflammatory cascade in this condition, and TNF-a inhibitor 
therapy can benefit patients with active disease. Interleukin-1 is a primary proinflammatory 
cytokine in rheumatoid arthritis; interleukin-6 and interleukin-17 also may affect this condition. 


PreviousNext 


Disease Course 


Established rheumatoid arthritis has a highly variable disease course. A small percentage of 
affected patients have mild disease with intermittent flares. However, most patients with 
rheumatoid arthritis have persistent inflammatory disease with periods of exacerbation 
accompanied by progressive joint destruction that causes increasing functional limitation. 


Erosive disease, the hallmark of persistent synovitis, develops in most patients within 2 years of 
disease onset. Functional decline may be rapid and is related to numerous factors, including the 
degree of inflammatory disease, damage to the affected joints, the muscle strength and general 
fitness status of the patient, and psychosocial variables. Infections or cardiovascular disease may 
cause early mortality. 


Work disability occurs within 5 years in up to 50% of patients with severe rheumatoid arthritis, 
but some studies suggest that this percentage is overestimated. Factors that help to determine 
work disability in patients with rheumatoid arthritis include disease status, the ability to commute 
to work, control over the work environment, ergonomic features of the workplace, and 
psychosocial factors. 
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Epidemiology 

Rheumatoid arthritis affects approximately 1% of North Americans and Europeans. Certain 
Native American populations such as the Pima Indians have an unusually high incidence of this 
condition, which suggests that rheumatoid arthritis has a genetic component. 

Rheumatoid arthritis has a peak age of onset in the mid 50s but can occur in patients 18 years 


and older and is increasingly diagnosed in octogenarians. Women are affected more often than 
men (ratio of 3:1). However, after 60 years of age, the gender differential equilibrates. 


PreviousNext 
Diagnosis 


e Clinical Manifestations 
e Evaluation 
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Clinical Manifestations 


Rheumatoid arthritis is a multisystem disease characterized by a chronic inflammatory 
polyarthropathy (Table 3). This condition most often involves the small joints of the hands 
(wrist, metacarpophalangeal, and proximal interphalangeal joints) and feet (metacarpophalangeal 
joints) in a symmetric pattern (Figure 6). However, rheumatoid arthritis occasionally presents 
with an inflammatory oligo- or monoarthritis. Disease of the larger joints also is common. In 
early disease, inflammation may be limited to the feet, particularly the metatarsophalangeal 
joints, and this manifestation is often overlooked. 


The key features of rheumatoid arthritis are swelling and tenderness in and around the joints. 
Synovial hypertrophy or joint effusion and loss of normal range of motion also may occur. 
Synovitis is appreciated on physical examination by the presence of soft or occasionally rubbery 
extra tissue around the joint margins. Joint warmth frequently is appreciated, although redness is 
uncommon. 


Prominent morning stiffness that usually lasts more than 1 hour and nonspecific features such as 
malaise and fatigue, low-grade fevers, and myalgia and arthralgia characterize early rheumatoid 
arthritis. This prodrome may last from weeks to months before clinically evident synovitis is 
noted. Despite the lack of overt synovitis, articular destruction occurs during this time. 
Therefore, rapid diagnosis of early disease is imperative. 


Nodules may be present and are frequently appreciated in the subcutaneous tissue just distal to 
the elbow on the extensor surface of the forearm (Figure 7). Nodules also may be appreciated on 
the extensor surface of the hand and over the Achilles tendons. 


Figure 6. Involvement of the hands in rheumatoid arthritis. 


Early rheumatoid arthritis with mild fusiform soft-tissue swelling of the proximal interphalangeal 
joints (left panel). Moderate to severe rheumatoid arthritis with synovitis of the 
metacarpophalangeal joints and swan neck deformities of the second and third digits (center 
panel). Severe deforming rheumatoid arthritis with ulnar deviation, multiple rheumatoid nodules, 
and proximal interphalangeal joint subluxations (right panel). 


Figure 7. Nodules in rheumatoid arthritis. 


Reprinted with permission from Yee AMF and Paget SA, eds. Expert Guide to Rheumatology. 
Philadelphia: American College of Physicians; 2004. 


Table 3. Articular and Extra-articular Manifestations of 
Rheumatoid Arthritis 


Articular Manifestations 


Evidence of Joint tenderness; joints warm but not erythematous; swelling of soft-tissue 

inflammation synovium and synovial fluid 

Small-joint Symmetric involvement of proximal interphalangeal, metacarpophalangeal, 

involvement and metatarsophalangeal joints; distal interphalangeal joints not usually 
involved 

Functional Limited range of motion; decreased muscle strength and function around 


limitation inflamed joints 


Extra-articular Manifestations 


Dermatologic Rheumatoid nodules, vasculitis, drug reactions 

Ophthalmologic Keratoconjunctivitis sicca, episcleritis, scleritis, scleromalacia perforans 

Pulmonary Basilar pulmonary fibrosis, multiple lung nodules, pleuritis, bronchiolitis 
obliterans organizing pneumonia 

Cardiac Pericarditis, pericardial effusion, valvular defects, conduction defects 

Gastrointestinal Xerostomia, gastritis or peptic ulcer disease from NSAIDs 

Renal Proteinuria if secondary amyloid is present; interstitial disease from 
NSAIDs and other treatment-related problems 

Hepatic Nodular regenerative hyperplasia, portal fibrosis 

Neurologic Cervical spine instability, peripheral nerve entrapment, mononeuritis 
multiplex from vasculitis 

Hematologic Lymphadenopathy, splenomegaly, leukopenia (Felty syndrome), 
malignancy, amyloidosis, cryoglobulinemia, large granular lymphocyte 
syndrome 
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Evaluation 


Rheumatoid arthritis is primarily diagnosed based on the patient’s history and physical 
examination and is supported by serologic and imaging studies. Early disease may manifest as 
undifferentiated inflammatory polyarthritis that does not meet the American College of 
Rheumatology’s classification criteria for this condition (Table 4). These criteria have 91% to 
94% sensitivity and 89% specificity for established rheumatoid arthritis; the sensitivity of these 
criteria to diagnose early rheumatoid arthritis decreases to 40% to 60% with a specificity of 80% 
to 90%. 


Rheumatoid arthritis must be distinguished from self-limited joint disorders such as viral arthritis 
due to parvovirus B19 and from other chronic inflammatory arthritides. Features that suggest 
rheumatoid arthritis include rheumatoid factor positivity, anti—cyclic citrullinated peptide (CCP) 
antibody positivity, and radiographic changes. However, these findings are relatively insensitive 
indicators in early disease. 


The synovial fluid in patients with rheumatoid arthritis is inflammatory. Arthrocentesis is not 
essential for the diagnosis of this condition but should be performed in patients with signs and 
symptoms that raise suspicion for crystal-induced or infectious arthritis. 


Table 4. Criteria for the Classification of Rheumatoid 
Arthritis’ 


Criterion Definition 
1. Morning Morning stiffness in and around the joints, lasting at least 1 hour before 
stiffness maximal improvement 
2. Arthritis of three At least three joint areas simultaneously have had soft-tissue swelling or 
or more joint areas fluid (not bony overgrowth alone) observed by a physician 


The 14 possible areas are the right or left PIP, MCP, wrist, elbow, knee, 
ankle, and MTP 
3. Arthritis of hand At least one area swollen (as defined above) in a wrist, MCP, or PIP 
joints 


4. Symmetric Simultaneous involvement of the same joint areas (as defined in 2) on both 

arthritis sides of the body; bilateral involvement of PIPs, MCPs, or MTPs is 
acceptable without absolute symmetry 

5. Rheumatoid Subcutaneous nodules over bony prominences or extensor surfaces or in 

nodules juxta-articular regions observed by a physician 

6. Rheumatoid Demonstration of abnormal amounts of rheumatoid factor by any method for 

factor which the result has been positive in <5% of normal control subjects 


7. Radiographic Radiographic changes typical of rheumatoid arthritis on posteroanterior hand 

changes and wrist radiographs, which must include erosions or unequivocal bony 
decalcification localized in or most marked adjacent to the involved joints 
(osteoarthritis changes alone do not qualify) 


PIP = proximal interphalangeal joint; MCP = metacarpophalangeal joint; MTP = 
metatarsophalangeal joint. 


“For classification purposes, patients shall be said to have rheumatoid arthritis if they meet 4 of 
these 7 criteria. Criteria 1 through 4 must have been present for at least 6 weeks. Patients with 
two clinical diagnoses are not excluded. 


Modified from Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism 
Association 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum. 
1988;31(3):315-324. [PMID: 3358796] Copyright 1988 American College of Rheumatology. 
Modified with permission from John Wiley & Sons, Inc. 


PreviousNext 


Laboratory Studies 


The results of initial laboratory studies in patients with rheumatoid arthritis may be normal but 
can reveal thrombocytosis, leukocytosis, mild anemia (normochromic, normocytic, or 
microcytic), an elevated erythrocyte sedimentation rate, or an elevated C-reactive protein level. 


Serologic markers for rheumatoid arthritis, including rheumatoid factor and anti-CCP antibodies, 
have been found in the serum of affected patients years before the onset of clinically apparent 
disease. Whether these antibodies are associated with a low level of subclinical inflammation or 
indicate susceptibility to this disease remains unclear. 


Most rheumatoid factor assays detect the presence of an IgM that reacts to the Fc portion of IgG. 
IgG and IgA rheumatoid factors also may occur but are less common. 


Approximately 75% of patients with rheumatoid arthritis are rheumatoid factor positive, but the 
prevalence rate of rheumatoid arthritis may be as low as 50% in early disease. Rheumatoid factor 
positivity is not specific for rheumatoid arthritis and frequently occurs in other autoimmune 
disorders and chronic infections, most notably chronic active hepatitis C virus infection. 


Anti-CCP antibody assays are as insensitive for rheumatoid arthritis as rheumatoid factor assays 
but are more specific. Anti-CCP antibody assays may be particularly useful in patients with 
suspected early disease who are rheumatoid factor negative. Concomitant rheumatoid factor and 
anti-CCP antibody positivity are highly specific for rheumatoid arthritis. 
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Imaging Studies 


The presence of bone erosion at presentation is a poor prognostic marker in rheumatoid arthritis 
(Figure 8). Plain radiographs may show periarticular osteopenia in early disease but are most 
frequently normal. Plain radiographs also may not reveal articular erosions for months or longer. 


MRI and ultrasonography are more sensitive imaging modalities for early erosive disease 
compared with radiography. However, these studies currently are not widely used because of 
cost and lack of high-quality performance and interpretation. 


Figure 8. Bone erosions. 


This radiograph of the hand shows marginal erosions. 


Reprinted with permission from Yee AMF and Paget SA, eds. Expert Guide to Rheumatology. 
Philadelphia: American College of Physicians; 2004. 


PreviousNext 


Complications and Extra-Articular Manifestations 


Patients with the most severe forms of rheumatoid arthritis may have extra-articular 
manifestations, including ocular conditions such as scleritis; episcleritis; and peripheral 
ulcerative keratitis, which can decrease vision. In addition, subcutaneous nodules; secondary 
Sjögren syndrome; pleuropericarditis and other lung diseases; and, rarely, rheumatoid vasculitis 
may occur. Patients with long-standing, aggressive rheumatoid arthritis may develop Felty 
syndrome, a clinical triad of rheumatoid arthritis, granulocytopenia, and splenomegaly. 
However, extra-articular disease in rheumatoid arthritis (particularly rheumatoid vasculitis and 
Felty syndrome) is increasingly less prevalent because of recent advances in the treatment of this 
condition. 


PreviousNext 


Infection 


Patients with rheumatoid arthritis are susceptible to infection due to immunosuppressive 
medications as well as joint damage and immobility. Infection in these patients can affect 
functional outcomes and morbidity and mortality. Patients with rheumatoid arthritis also are at 
increased risk for lymphoproliferative disorders, including acute leukemia and lymphoma. 
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Cervical Instability 


Cervical instability at the atlantoaxial articulation is a long-term consequence of active 
rheumatoid arthritis and may be relatively asymptomatic until very late in the disease course. 
Symptoms of cervical instability at this site may include painful, limited range of motion of the 
neck; occipital headaches; loss of coordination; paresthesias of the hands and feet; and urinary 
retention or incontinence. Severe cervical instability can be associated with respiratory arrest or 
quadriplegia but is rare. Evaluation for this complication is indicated for any patient with 
aggressive or long-standing rheumatoid arthritis. Plain radiographs of the neck with flexion and 
extension views are usually sufficient to demonstrate translational instability; MRI can reveal the 
extent of the pannus and bony erosion. 


Evaluation for cervical instability is particularly important in the perioperative setting, when 
extension of the neck for intubation may lead to cord compromise with resultant neurologic 


impairment. In patients who require intubation, a controlled nasal intubation with the patient 
upright and the neck in the neutral position is preferred. 
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Rheumatoid Vasculitis 


Rheumatoid vasculitis is a small- and medium-vessel vasculitis usually associated with long- 
standing, severe erosive rheumatoid arthritis. Rheumatoid vasculitis is characterized by skin 
involvement that manifests as deep cutaneous ulcerations; digital ischemia; and, occasionally, 
necrosis. Some evidence shows that the prevalence of rheumatoid vasculitis is decreasing in 
patients with rheumatoid arthritis, most likely because of earlier and more widespread use of 
disease-modifying antirheumatic drug therapy (DMARD). 


Mononeuritis multiplex is a manifestation of rheumatoid vasculitis that may manifest as a wrist 
or foot drop that usually does not fully resolve even with aggressive immunosuppression. 
Mesenteric vasculitis may lead to bowel infarction and, rarely, death. 
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Coronary Artery Disease 


Coronary artery disease is the leading cause of death in patients with rheumatoid arthritis. 
Patients with rheumatoid arthritis may have traditional risk factors for this disease, and the 
underlying inflammatory condition in rheumatoid arthritis is an independent risk factor for 
multivessel coronary artery disease. 


In patients with rheumatoid arthritis, aggressive treatment of the underlying inflammatory 
process has been shown to decrease the development of atherosclerotic disease and the 
associated morbidity and mortality. Management of the traditional cardiovascular risk factors, 
including smoking, hyperlipidemia, diabetes, hypertension, and obesity, is recommended. 
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Management 


Once rheumatoid arthritis is suspected, promptly confirming the diagnosis and initiating 
aggressive therapy is critical. Early referral to a rheumatologist to assess the disease, document 
prognostic factors, and recommend optimal treatment is imperative. Serial measurement of 
factors such as the number of swollen and tender joints and acute phase reactants also can help to 
evaluate disease progression and guide treatment decisions. 


Nonpharmacologic modalities such as heat and joint range-of-motion exercises can help to 
alleviate the joint stiffness that limits many patients with rheumatoid arthritis. Referral to other 
providers, including physical therapists, occupational therapists, and psychologists, also may 
help many patients with early rheumatoid arthritis. Counseling regarding joint protection 
techniques, use of assistive devices, and therapeutic exercises is essential. In patients with 
rheumatoid arthritis with concomitant hyperlipidemia, statin agents may have an adjunctive role 
in controlling inflammation. 


Early, aggressive disease control is essential to slow the progression of joint damage, stabilize or 
prevent functional limitations, and prevent the complications of long-term uncontrolled 
inflammation. Damage in rheumatoid arthritis is irreversible once it has occurred, even when 
aggressive DMARD therapy is used. Evidence shows that rapidly escalating therapy with a 
multidrug regimen is the most effective means of controlling disease. 


Treating rheumatoid arthritis often involves adjustment of agents and dosing. 


Frequent reassessment of affected patients is essential to ensure continued response to therapy 
and disease control and to monitor for drug toxicity. Periodic radiographs are recommended to 
confirm that erosive disease has not progressed despite therapy. The goal of treatment is to 
maintain no evidence of disease, because control of inflammation is the best predictor of 
radiographic and functional stability. 
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NSAIDs and Corticosteroids 


In early rheumatoid arthritis, NSAIDs and systemic low-dose corticosteroids can help control 
symptoms but do not adequately prevent disease progression. Intra-articular corticosteroids are 
useful to control localized disease that is unresponsive to systemic therapy. 


Corticosteroid-induced osteoporosis is a major concern in patients with rheumatoid arthritis. 
Prevention of osteoporosis using a bisphosphonate is indicated for men and postmenopausal 
women. Dual-energy x-ray absorptiometry scanning is recommended for patients using long- 
term corticosteroid therapy or those over 65 years of age. 
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Disease-Modifying Antirheumatic Drugs 


Experts recommend that patients begin DMARD therapy within 3 months of the onset of 
rheumatoid arthritis. The earlier that DMARDs are instituted, the more likely that damage from 
this condition will be limited. The initial choice of a DMARD should be based on the severity of 
the inflammatory disease; the pace of disease progression; whether erosive disease is seen on 
radiography; and whether a patient is anti-CCP antibody positive. 


Monotherapy with hydroxychloroquine or sulfasalazine or combination therapy with these agents 
is indicated to treat early, mild, and nonerosive disease. Hydroxychloroquine therapy alone has 
not been shown to retard radiographic progression of rheumatoid arthritis and therefore should 
be used only in patients whose disease has remained nonerosive for several years. 


Use of methotrexate or leflunomide may benefit patients with early mild to moderate rheumatoid 
arthritis but is imperative in patients with rapid disease progression or functional limitations. In 
the absence of contraindications, methotrexate with or without the addition of another DMARD 
should be instituted immediately in patients with erosive disease documented at disease onset. 
The methotrexate dosage should be rapidly escalated as tolerated up to 20 to 25 mg weekly. 
Experts also recommend that patients using methotrexate take folic acid, 1 mg/d. 


In patients with rheumatoid arthritis, combination therapy generally is more effective than 
monotherapy and may include use of two or three DMARDs. In some patients, combination 
therapy with hydroxychloroquine, sulfasalazine, and methotrexate has been shown to be more 
effective than monotherapy with methotrexate or sulfasalazine plus hydroxychloroquine. 


Leflunomide may be added to methotrexate, but combination therapy with methotrexate and 
leflunomide is associated with a higher incidence of adverse hepatic events and requires careful 
monitoring and dose adjustments. In the absence of any appreciable response to methotrexate, 
leflunomide can be instituted as monotherapy or in combination with hydroxychloroquine and/or 
sulfasalazine. Regardless of the combination chosen, more intensive therapy is indicated if 
significant improvement does not occur. 
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Biologic Therapy 


When adequate disease control is not achieved with oral DMARDs, biologic therapy should be 
initiated. The initial biologic therapy should be a TNF-a inhibitor. This agent generally should be 
added to the baseline methotrexate therapy, because the rate of radiographic progression has 
been shown to decrease with combination therapy. Combination therapy with methotrexate plus 
a TNF-a inhibitor can be used in patients with early disease who have high disease activity and 
poor prognostic factors (see Prognostic Factors). 


Screening for tuberculosis is indicated before beginning therapy with any biologic agent, and 
patients who test positive for latent tuberculosis should be treated with isoniazid before 
beginning biologic therapy. Furthermore, periodic purified protein derivative skin testing for 
tuberculosis is now recommended during treatment with a TNF-a inhibitor. 


The patient’s preferred route of administration and cost usually determine the choice of a TNF-a 
inhibitor. The three currently available agents, etanercept, infliximab, and adalimumab, all have 
similar efficacy. Individual patients may respond better to one of these agents, but no currently 
available methods predict the likelihood of response to a particular agent. Many patients who do 
not respond to one TNF-a inhibitor have a positive response to a different agent in the same 
class. 


Patients with an inadequate response to TNF-a inhibition can be treated with either abatacept, a 
T-cell costimulation inhibitor, or rituximab, an anti-CD20 monoclonal antibody. Combination 
therapy with biologic agents does not enhance their efficacy and poses a risk for toxicity due to 


infections and is therefore not recommended. Annual influenza vaccination is indicated for all 
patients using immunosuppressants, and pneumococcal vaccination is indicated before beginning 
treatment with methotrexate, leflunomide, or a biologic agent. 
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Surgical Therapy 


Mild rheumatoid arthritis may be easily controlled with minimal therapy, but a subset of patients 
has an unremitting, worsening course of joint destruction and functional disability despite 
aggressive treatment. Surgical therapy may be indicated for patients with destructive rheumatoid 
arthritis that cannot be managed pharmacologically. End-stage disease of the hip or knee is 
frequently treated with total joint arthroplasty. Because of improvements in prosthetic design and 
surgical techniques, arthroplasty of the shoulder or elbow is increasingly performed. Other 
surgical procedures, such as synovectomy or joint arthrodesis, may be warranted in patients with 
persistent inflammatory disease and pain when medical management is ineffective. 
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Pregnancy and Rheumatoid Arthritis 


Generally, women with rheumatoid arthritis have fertility rates and pregnancy outcomes 
comparable to those of women without this condition. Preconception counseling is essential for 
women with active rheumatoid arthritis who are taking DMARDs, particularly DMARDs that 
are known to be teratogenic (see Disease-Modifying Antirheumatic Drugs). 


Approximately 75% of women with rheumatoid arthritis who become pregnant experience a 
spontaneous remission of symptoms that usually begins in the second trimester of pregnancy. 
During pregnancy, most women with rheumatoid arthritis can therefore safely discontinue 
therapy for this condition. However, pregnant patients with persistent disease activity may 
require treatment with low-dose prednisone, which generally is believed to be safe in pregnancy. 
Hydroxychloroquine and sulfasalazine also can be used during pregnancy, if necessary. 


There are limited data on the safety of TNF-a inhibitors in pregnancy, and therapy with these 
agents should be discontinued before conception. NSAIDs may be continued during the first and 
second trimesters of pregnancy but should be avoided in the third trimester because of the risk of 
premature closure of the ductus arteriosus in utero before birth. 


Most pregnant women with rheumatoid arthritis experience a disease flare after delivery. 
DMARD therapy should be reinstituted immediately unless the woman is breast feeding. In 
women with highly aggressive disease, breast feeding should be discontinued so that DMARD 
therapy can be resumed. 
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Prognostic Factors 


Predicting disease outcome is often difficult early in the course of rheumatoid arthritis but is 
essential to ensure that patients with the greatest risk of a poor outcome receive earlier and more 
aggressive treatment. Older age, the presence of erosions at baseline, rheumatoid factor 
positivity, high titers of rheumatoid factor, and anti-CCP antibodies predict radiographic 
progression in rheumatoid arthritis. Other poor prognostic factors include female sex, cigarette 
smoking, extra-articular disease, functional limitations, a high number of tender and swollen 
joints, and an elevated erythrocyte sedimentation rate and C-reactive protein level. Patients who 
are HLA-DRB1*0401] or HLA-DRB1*0404 positive have an increased likelihood of developing 
more severe disease and premature mortality, and those who are homozygous have the worst 
outcome. Patients with a lower socioeconomic status and less formal education also usually have 
a poorer prognosis. 


In patients with persistent polyarticular rheumatoid arthritis that is uncontrolled despite therapy, 
high titers of rheumatoid factor, the presence of the shared epitope, and systemic extra-articular 
disease are associated with premature mortality. 
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Osteoarthritis 


e Pathophysiology and Risk Factors 
e Clinical Features and Classification 
e Diagnosis 

e Management and Treatment 


Key Points 


e Osteoarthritis most commonly affects the weight-bearing joints as well as the distal and 
proximal interphalangeal and first carpometacarpal joints of the hand. 

e Osteoarthritis is characterized by pain with activity that is relieved with rest and morning 
stiffness that lasts for less than 30 minutes daily. 

e Secondary osteoarthritis involves joints not typically affected by primary osteoarthritis 
and develops due to conditions such as trauma, previous inflammatory arthritis, or 
metabolic disorders such as hemochromatosis or calcium pyrophosphate deposition 
disease. 

e Radiographs of patients with diffuse idiopathic skeletal hyperostosis and degenerative 
spondylosis and ankylosing spondylitis are similar except that patients with diffuse 
idiopathic skeletal hyperostosis do not develop disk-space narrowing or syndesmophytes. 

e Osteoarthritis of the knee can be diagnosed if knee pain is accompanied by at least three 
of the following features: age greater than 50 years, stiffness lasting less than 30 minutes, 
crepitus, bony tenderness, bony enlargement, and no palpable warmth. 

e Osteoarthritis of the hand may manifest as swelling of the proximal and distal 
interphalangeal joints and hard bony enlargement, whereas rheumatoid arthritis of the 
hand presents with only proximal interphalangeal and metacarpophalangeal joint swelling 
and soft synovial proliferation. 

e Compared with radiography, clinical examination is more sensitive and specific for the 
diagnosis of osteoarthritis of the hand. 

e There is a poor correlation between radiographic evidence of osteoarthritis and 
symptoms. 

e Weight loss and physical therapy benefit patients with osteoarthritis of the hip and knee. 

e NSAIDs have been shown to be more effective in the treatment of osteoarthritis than 
acetaminophen but may increase cardiovascular risk. 

e Tramadol and opioid analgesics are effective second-line agents in the treatment of 
osteoarthritis. 

e Intra-articular corticosteroid injection therapy is warranted in patients with osteoarthritis 
of the knee or hip in whom NSAIDs are either contraindicated or do not provide adequate 
pain relief. 

e Patients with signs of inflammation should not undergo intra-articular corticosteroid 
therapy until synovial fluid analysis excludes infection. 
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Pathophysiology and Risk Factors 


Osteoarthritis traditionally was believed to be caused by “wear and tear” on the joints with age. 
This condition is now known to be an active disease process in which the chemical composition 
and structural integrity of the articular cartilage deteriorates. This deterioration impairs the 
viscoelastic properties of articular cartilage and its ability to minimize friction between bones 
moving against one another. 


Age is the primary risk factor for the development of osteoarthritis. Obesity is another major risk 
factor for this condition and is particularly associated with the development of osteoarthritis of 
the knee and hand. Obesity also has been shown to be an independent risk factor both for 
disability due to osteoarthritis and for the severity of knee pain. 


Occupations that involve repetitive knee bending and physical labor, such as farming and 
construction work, have been associated with an increased relative risk for developing 
osteoarthritis of the knee. However, occupational change has not been shown to be beneficial in 
decreasing the clinical manifestations of osteoarthritis in this setting. Female sex and trauma are 
additional risk factors for the development of this condition. 
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Clinical Features and Classification 


Osteoarthritis most commonly affects the weight-bearing joints as well as the distal and proximal 
interphalangeal and first carpometacarpal joints of the hand (Figure 9). The cardinal symptom of 
this condition is pain with activity that is relieved with rest; pain at rest or at night is a sign of 
advanced disease. Affected patients also typically experience morning stiffness that lasts for less 
than 30 minutes daily. 


Joint swelling in patients with osteoarthritis generally is minimal. Heberden and Bouchard nodes 
(bony proliferation at the distal and proximal interphalangeal joints, respectively) may develop in 
this setting and cause pain, limited range of motion, and difficulty wearing and removing rings 
(Figure 10). Osteoarthritis of the knee usually does not present with visible swelling of the knee 
but may manifest with a crackling sound known as crepitus on flexion of this joint. Range of 
motion of the knee or hip may be reduced in patients with progressive disease, which causes 
difficulty when exiting an automobile. 


Figure 9. Joints involved in osteoarthritis. 


Figure 10. Heberden and Bouchard nodes. 


This patient with osteoarthritis has bony proliferation at the distal and proximal interphalangeal 
joints (Herberden and Bouchard nodes, respectively). 


Modified with permission from Moore G. Atlas of the Musculoskeletal Examination. 
Philadelphia: American College of Physicians; 2003. 


Primary and Secondary Osteoarthritis 


Primary osteoarthritis is a disease of unknown cause. This condition affects the lower cervical 
and lumbar spine, the acromioclavicular joint, the first carpometacarpal joint of the thumb, the 
proximal and distal interphalangeal joints of the hands, the hips, the knees, and the 
metatarsophalangeal joint of the great toe. 


Secondary osteoarthritis develops because of another condition, such as trauma, previous 
inflammatory arthritis, or metabolic disorders such as hemochromatosis or calcium 
pyrophosphate deposition disease. This form of arthritis typically involves joints not usually 
affected by primary osteoarthritis, including the metacarpophalangeal joints, (which should 
specifically raise suspicion for hemochromatosis), wrist, elbow, shoulder, ankle, and second 
through fifth metatarsophalangeal joints. 
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Erosive Inflammatory Osteoarthritis 


Erosive inflammatory osteoarthritis is characterized by pain and palpable swelling of the soft 
tissue in the proximal and distal interphalangeal joints. This condition also may be associated 
with disease flares during which these joints become more swollen and painful. Radiographs in 
patients with erosive inflammatory osteoarthritis may reveal erosions at the interface of the 
involved phalanges. 
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Diffuse Idiopathic Skeletal Hyperostosis 


Diffuse idiopathic skeletal hyperostosis (DISH) is an often asymptomatic form of osteoarthritis 
that causes significant radiographic changes similar to those associated with degenerative 
spondylosis or ankylosing spondylitis (Figure 11). Radiographs of the spine in patients with 
DISH reveal flowing ossification that develops along the anterolateral aspect of the vertebral 
bodies, particularly the anterior longitudinal ligament. However, neither disk-space narrowing 
nor syndesmophytes are visible in this setting, as they are in lumbar spondylosis or ankylosing 
spondylitis, respectively. Rare complications of DISH include dysphagia, cervical myelopathy, 
and lumbar spinal stenosis. 


Figure 11. Diffuse idiopathic skeletal hyperostosis. 


Radiograph of the spine showing flowing linear calcification and ossification along the 
anterolateral aspects of the vertebral bodies that continues across the disk space. 


Diagnosis 


Osteoarthritis is a clinical diagnosis. Physical findings may be minimal early in the disease 
course. As disease progresses, joint range of motion becomes progressively limited. Whether 
affected joints are tender varies significantly. 


Bony hypertrophy is commonly detected in the fingers, and Heberden and Bouchard nodes may 
be easily palpated. Osteoarthritis also may cause squaring or boxing of the carpometacarpal joint 
at the base of the thumb. 


According to the American College of Rheumatology’s clinical criteria, osteoarthritis of the knee 
can be diagnosed if knee pain is accompanied by at least three of the following features: age 
greater than 50 years, stiffness lasting less than 30 minutes, crepitus, bony tenderness, bony 
enlargement, and no palpable warmth. These criteria are 95% sensitive and 69% specific but 
have not been validated for clinical practice. 


Crepitus of the knees is common in patients with osteoarthritis between the patella and the 
femur. Passive range of motion of the knee or hip often elicits pain at the extremes of flexion, 
extension, or internal and external rotation. Palpation of the knee discloses only mild tenderness. 
Valgus or varus angulation of the knees may be apparent when the patient stands. Patients with 
advanced osteoarthritis may have instability or joint laxity, which may be identified using the 
drawer test (Figure 12). 


Osteoarthritis of the hip can be established in patients with a history of chronic pain in the groin 
and medial thigh that worsens with activity and is relieved by rest. However, acute pain in the 
hip area suggests fracture and should be evaluated with radiography and, if needed, additional 
imaging studies. 


Figure 12. Drawer test. 


In the drawer test, the patient’s knee is bent at a 90-degree angle with the physician sitting on the 
patient’s foot to stabilize the leg. The leg is then moved forward and back, evaluating for laxity 
or instability of the joint. 


Reprinted with permission from Moore G. Atlas of the Musculoskeletal Examination. 
Philadelphia: American College of Physicians; 2003. 
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Differential Diagnosis 


Differentiating between osteoarthritis of the hand and rheumatoid arthritis can be difficult. Both 
of these conditions can present with swelling of the proximal interphalangeal joints, but 
osteoarthritis also may involve the distal interphalangeal joints. In addition, the bony 
enlargements of these joints that develop in osteoarthritis are significantly harder than the 
synovial proliferation that develops in rheumatoid arthritis. 


Occasionally, laboratory studies may be warranted to differentiate between these conditions. 
Elevated levels of an acute phase reactant such as the erythrocyte sedimentation rate or C- 

reactive protein, or rheumatoid factor or anti—cyclic citrullinated peptide antibody positivity, 
would exclude osteoarthritis or suggest a concomitant condition in addition to osteoarthritis. 
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Imaging Studies 


Radiography is not needed to confirm the diagnosis of osteoarthritis in patients with a history 
and physical examination compatible with this condition. Clinical examination is more sensitive 
and specific for the diagnosis of osteoarthritis of the hand compared with radiography, and 
radiographs in patients with early osteoarthritis of the knee may be normal. 


Radiographs in patients with osteoarthritis may show joint-space narrowing, subchondral 
sclerosis, and osteophyte formation. However, there is a poor correlation between radiographic 
evidence of osteoarthritis and symptoms. An absence of joint-space narrowing on radiography 
does not indicate that the cartilage is healthy and functioning normally. MRI is more sensitive for 
detecting abnormalities of articular cartilage compared with radiography but is rarely clinically 
indicated to establish a diagnosis of osteoarthritis. 
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Management and Treatment 


e Nonpharmacologic Interventions 
e Pharmacologic Therapy 


e Intra-articular Injection 
e Surgical Intervention 
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Nonpharmacologic Interventions 


Weight is a significant risk factor for worsening of osteoarthritis. Weight loss is a particularly 
important intervention for patients with osteoarthritis of the hip and has been shown to cause a 
slower rate of progression of osteoarthritis of the knee in obese patients and to decrease 
symptoms of this condition. 


Work simplification via use of assistive devices such as thick-handled kitchen utensils, specially 
designed rocker knives, and jar openers can help to reduce symptoms of osteoarthritis of the 
hands. Use of a cane or walker may be warranted in patients with osteoarthritis of the hip or 
knee, and instruction in the correct use of these devices is essential. For example, a patient with 
unilateral knee or hip pain should be instructed to hold the cane in the contralateral hand to help 
relieve the symptomatic side. 


Physical therapy benefits most patients with osteoarthritis of the hip or knee. Quadriceps muscle 
strengthening in particular helps to reduce pain due to osteoarthritis of the knee and is an 
important intervention in patients who are considering total knee replacement. 


Therapeutic knee taping in patients with osteoarthritis of the knee remains controversial. In one 
randomized study of patients with this condition, weekly taping effectively reduced pain 
compared with placebo. Valgus bracing of the knee also has been shown to effectively reduce 
knee pain in this setting. Studies on the usefulness of shoe insoles in osteoarthritis remain 
inconclusive. 
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Pharmacologic Therapy 


Many patients with osteoarthritis achieve adequate pain relief with acetaminophen. This agent is 
inexpensive, effective, and relatively safe and is therefore typically the first oral analgesic agent 
considered in patients with osteoarthritis. However, treatment with acetaminophen can prolong 
the INR in patients on warfarin and can lead to hepatotoxicity. 


A 1992 study showed that the efficacy of acetaminophen and NSAIDs in the treatment of 
osteoarthritis is comparable, but subsequent studies have demonstrated better results with 
NSAIDs than acetaminophen. However, the use of nonselective NSAIDs or celecoxib may be 
risky in some patients. Evidence shows that cyclooxygenase-2 selective and nonselective 
NSAIDs may be associated with cardiovascular and cerebrovascular disease. The U.S. Food and 
Drug Administration has concluded that use of prescription and over-the-counter traditional 
NSAIDs also may increase cardiovascular risk. 


Cyclooxygenase-2 selective and nonselective NSAIDs also have been shown to increase the risk 
for gastrointestinal irritation, ulceration, bleeding, and perforation. Coadministration of a proton 
pump inhibitor or misoprostol can reduce the gastrointestinal toxicity of these agents. 
Substitution of a nonacetylated salicylate for these agents also may be warranted. In 2005, the 
American College of Rheumatology revised their guidelines to recommend that physicians and 
patients weigh the potential risks and benefits of treatment with NSAIDs, but no evidence-based 
guidelines yet exist to indicate which patients can safely use these agents. 


The American College of Rheumatology guidelines recommend tramadol and opioid analgesics 
as second-line agents in the treatment of osteoarthritis. These agents are particularly useful in 
patients with osteoarthritis of the hip or knee who are intolerant of or who do not achieve 
adequate pain control using acetaminophen and/or NSAIDs. Tramadol is a nonopioid analgesic 
that binds to the opioid receptor but generally does not cause constipation or sedation. This agent 
is contraindicated in patients with a history of substance abuse and may cause seizures in patients 
using selective serotonin reuptake inhibitors or tricyclic antidepressants. 


Propoxyphene and other narcotics may be appropriate for some patients with osteoarthritis, 


particularly those who are not candidates for surgical therapy. However, chronic use of these 
agents may lead to tolerance and require repeated escalation of doses. 
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Intra-articular Injection 


Intra-articular corticosteroid or hyaluronan injections may be considered in patients with mono- 
or pauciarticular osteoarthritis in whom NSAIDs are either contraindicated or do not provide 
adequate pain relief. 
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Corticosteroids 


Corticosteroid injection therapy provides rapid but temporary relief of pain due to osteoarthritis 
of the knee and hip. Most injectable corticosteroid preparations, including methylprednisolone 
and triamcinolone, are approximately equipotent. 


Clinical experience shows that patients with osteoarthritis of the knee may have symptomatic 
relief for several months after a corticosteroid injection, but a 2005 review suggests that there is 
no evidence that this therapy is associated with relief lasting longer than 1 week. In patients with 
osteoarthritis of the hip, intra-articular corticosteroid therapy has been shown to effectively 
relieve pain for up to 3 months. The efficacy of this therapy in treating osteoarthritis of joints 
other than the knee and hip remains uncertain. 


To prevent joint damage, most experts recommend that a joint should not be injected with 
corticosteroids more frequently than once every 3 months. Intra-articular injection of any 
medication is contraindicated in patients with overlying cellulitis and should not be used if the 
cause of the joint pain has not been definitively diagnosed. In addition, patients with signs of 
inflammation such as heat or redness, which are atypical for osteoarthritis, should not undergo 
intra-articular corticosteroid therapy until synovial fluid analysis excludes infection. 
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Hyaluronans 


Studies have generally shown that intra-articular hyaluronan injection has comparable efficacy to 
NSAID therapy in patients with osteoarthritis of the knee. Hyaluronan levels in the synovial fluid 
are decreased in patients with osteoarthritis, but the mechanism of action of hyaluronan agents in 
this setting remains unclear. Three or more hyaluronan injections administered 1 week apart are 
indicated depending on the preparation. Patients may not experience relief until several weeks 
after undergoing injection, but the effects of this therapy can last for 6 months or longer. 
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Surgical Intervention 


Referral to an orthopedic surgeon for consideration of total joint arthroplasty (replacement) of 
the knee or hip is warranted only when no further medical therapy is available and the patient 
decides that the impairment caused by his or her condition warrants this intervention. The degree 
of radiographic severity of osteoarthritis is not a pivotal determinant in whether this procedure is 
appropriate, although radiographic changes are usually severe by the time arthroplasty is 
considered. 


Patients who are likely to live more than 10 years after undergoing joint arthroplasty should be 
cautioned that prosthetic implants may eventually loosen and require surgical replacement, 
which is a more difficult procedure than implantation. Patients with recurrent or chronic 
infections are at increased risk for prosthetic joint infection, which usually also requires removal 
of the prosthesis as well as prolonged antibiotic treatment. 
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Fibromyalgia 


Introduction 


Pathophysiology 
Epidemiology 


Diagnosis and Evaluation 
Treatment 


Key Points 


e Fibromyalgia is characterized by chronic widespread musculoskeletal pain for at least 3 
months and pain in at least 11 of 18 diffuse potential tender points. 

e The physical examination in patients with fibromyalgia usually is normal except for 
widespread pain and tenderness. 

e Laboratory studies in patients with fibromyalgia are useful only in excluding conditions 
that may mimic this disease, such as hypothyroidism, polymyalgia rheumatica, hepatitis 
C virus infection, sleep apnea, and restless legs syndrome. 

e Nonpharmacologic therapy such as regular aerobic exercise and cognitive behavioral 
therapy is the cornerstone of treatment of fibromyalgia and should be initiated in all 
affected patients. 

e Low-dose amitriptyline and cyclobenzaprine are the most used therapeutic agents in 
patients with fibromyalgia. 

e Pregabalin and duloxetine are approved by the U.S. Food and Drug Administration for 
the treatment of fibromyalgia. 
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Introduction 


Fibromyalgia is characterized by chronic widespread musculoskeletal pain for at least 3 months 
and pain in at least 11 of 18 diffuse potential tender points (Figure 13). Pain and tenderness 
often are not limited to these tender points. Affected patients also have an increased prevalence 
of anxiety and major depression and almost always have fatigue, sleep disturbances, and a 
lowered pain threshold. A diagnosis of fibromyalgia is established in patients who meet the 1990 
American College of Rheumatology classification criteria (Table 5). However, expert opinion 
now states that these tender points are arbitrary and not essential in the diagnosis of 
fibromyalgia. 


Figure 13. Tender point locations for the 1990 classification 
criteria for fibromyalgia (The Three Graces, after Baron 
Jean-Baptiste Regnault, 1793, Louvre Museum, Paris). 


Table 5. American College of Rheumatology 1990 Criteria 
for Fibromyalgia 


Criterion 1. History of Widespread Pain 


Definition: Pain in the right and left side of the body and above and below the waist and axial 
skeletal pain (cervical spine or anterior chest or thoracic spine or low back). In this definition, 
shoulder and buttock pain is considered as pain for each involved side. Low back pain is 
considered lower segment pain. 

Criterion 2. Pain in 11 of 18 Tender Point Sites on Digital Palpation 
Definition: Pain, on digital palpation, must be present in at least 11 of 18 specified tender point 
sites. Digital palpation should be performed with an approximate force of 4 kg (8.8 Ib). For a 
tender point to be considered “positive” for pain, the patient must state that the palpation was 
painful. “Tender” is not to be considered “painful.” 
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Pathophysiology 


The cause of fibromyalgia is unknown but may be related to central nervous system mechanisms 
such as dysregulation of neurotransmitter function and central pain sensitization. Comorbid 
conditions such as chronic fatigue syndrome, irritable bowel syndrome, multiple chemical 
sensitivity, tension or migraine headaches, pelvic pain, atypical chest pain, interstitial cystitis, 
and temporomandibular joint pain frequently occur in fibromyalgia, which suggests the presence 
of a common pathophysiologic mechanism. 
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Epidemiology 


Fibromyalgia affects women more frequently than men but may be more severe in men. Patients 
with low socioeconomic status, poor functional status, and disability have a greater risk for 
developing this condition. The onset of fibromyalgia in women typically occurs between the ages 
of 20 and 50 years. 


Patients with fibromyalgia often have a history of an accident, injury, or traumatic event, but a 
clear association between these factors and the development of fibromyalgia has not been 


established. Cognitive behavioral variables such as abnormal coping mechanisms also appear to 
play an important role in this condition. 
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Diagnosis and Evaluation 


The differential diagnosis of fibromyalgia includes hypothyroidism, polymyalgia rheumatica (in 
patients older than 50 years of age), hepatitis C virus infection, sleep apnea, and restless legs 
syndrome. The American College of Rheumatology criteria for fibromyalgia have no exclusions, 
and this condition occasionally occurs in association with autoimmune disorders such as 
rheumatoid arthritis, systemic lupus erythematosus, and Sjögren syndrome. In addition to 
hypothyroidism, other endocrinopathies such as Addison disease or hyperparathyroidism rarely 
present with features of fibromyalgia. 


The physical examination in patients with fibromyalgia usually is normal except for widespread 
pain and tenderness. Diagnosis may also be established by asking patients to indicate tender 
spots on a diagram of a human figure. 


Laboratory studies are useful only in excluding conditions that may mimic fibromyalgia and 
generally should include only measurement of the serum thyroid-stimulating hormone level, 
erythrocyte sedimentation rate, alanine and aspartate aminotransferase levels, and complete 
blood count. Routine testing for antinuclear antibodies or rheumatoid factor is not indicated. 
Patients with appropriate risk factors should be tested for hepatitis C virus antibodies. A sleep 
study is indicated for patients with a history of excessive daytime somnolence, abnormal snoring, 
nocturnal apneas, or restless legs syndrome. 
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Treatment 


Treatment of fibromyalgia often involves nonpharmacologic and pharmacologic therapy. 
Educating patients with fibromyalgia about the nature and course of the disease is imperative. 
Physicians should validate patients’ concerns about their condition and acknowledge their pain. 
Patients should be counseled that this condition is not destructive but that they should establish 
realistic expectations and recognize that meaningful improvement rarely occurs unless they take 
an active role in the treatment plan. 
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Nonpharmacologic Therapy 


Nonpharmacologic therapy is the cornerstone of treatment of fibromyalgia and should be 
initiated in all affected patients. Regular aerobic exercise has been shown to be effective in this 
setting. High-impact aerobic exercises frequently are poorly tolerated, whereas walking and/or 
water aerobics are better tolerated. Cognitive behavioral therapy has been shown to be beneficial 
in fibromyalgia but is not always covered by insurance plans. 


PreviousNext 


Pharmacologic Therapy 


Tricyclic antidepressants are the most studied pharmacologic agents in the treatment of 
fibromyalgia. Low-dose amitriptyline and cyclobenzaprine are the most used therapeutic agents 
in this setting. 


Pregabalin is approved by the U.S. Food and Drug Administration for the treatment of 
fibromyalgia. In a randomized double-blind trial of patients with fibromyalgia, this agent was 
shown to significantly decrease the average severity of pain and fatigue and to improve sleep 
compared with placebo. However, in some patients, pregabalin was associated with only modest 
and transient benefits. In the FREEDOM trial, 566 patients with fibromyalgia who had a more 
than 50% reduction in mean pain scores with pregabalin were randomized to either continue this 
agent or switch to placebo for 26 weeks. By the end of this study, 32% of those who continued to 
use pregabalin and 61% of those who switched to placebo had lost their therapeutic response. 


A second agent, the serotonin and noradrenergic reuptake inhibitor duloxetine, has been shown 
to have similar findings to pregabalin and was approved for the treatment of fibromyalgia in 
2008. Other newer antidepressants, especially those with the greatest effect on 
adrenergic/dopaminergic activity, also have been shown to be beneficial in this condition. 
NSAIDs, opioids, and corticosteroids have been shown to have limited efficacy in the treatment 
of this condition. 
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The Seronegative Spondyloarthropathies 


The seronegative spondyloarthropathies are a heterogeneous group of disorders that consist of 
ankylosing spondylitis, reactive arthritis (formerly known as Reiter syndrome), enteropathic 
arthritis, and psoriatic arthritis. Manifestations vary widely among these conditions, but common 
features include a genetic predisposition, the potential for an infectious trigger, the presence of 
enthesitis (inflammation at the attachment site of tendon to bone), and extra-articular 
involvement. The results of serologic studies, including rheumatoid factor assays, are 
characteristically negative in affected patients. 


Undifferentiated spondyloarthropathy refers to the clinical features of a spondyloarthropathy in 
patients who do not meet the criteria for an individual disease process. 


Key Points 


e Chlamydia infection and infectious diarrhea can be associated with reactive arthritis. 

e Infectious organisms can trigger the onset of reactive arthritis in genetically predisposed 
patients. 

e Testing for HIV infection is indicated for patients newly diagnosed with severe psoriatic 
or reactive arthritis. 

e Inpatients less than 40 years of age, persistent low back pain accompanied by morning 
stiffness that improves with activity should raise suspicion for a spondyloarthropathy, 
particularly ankylosing spondylitis. 

e MRIis the most sensitive method for detecting early inflammatory changes in the 
sacroiliac joints and spine in patients with a seronegative spondyloarthropathy. 

e Extra-articular manifestations of the seronegative spondyloarthropathies include 
inflammatory disease of the skin, eyes, lungs, gastrointestinal and genitourinary tracts, 
and vascular system. 

e The onset of ankylosing spondylitis is marked by persistent low back pain and occurs in 
the teenage years or 20s. 

e MRI is the most sensitive method of detecting early inflammatory and erosive changes of 
the sacroiliac joints in patients with ankylosing spondylitis. 

e Reactive arthritis usually develops within 2 months of bacterial gastroenteritis or 
nongonococcal urethritis or cervicitis. 

e An inflammatory peripheral arthritis or spinal disease may accompany inflammatory 
bowel disease. 

e The presence of dactylitis, marked distal interphalangeal joint involvement, asymmetric 
joint involvement, symptoms of enthesitis, or joint ankylosis is suggestive of psoriatic 
arthritis. 

e Aggressive use of immunosuppressive, disease-modifying agents suppresses 
inflammation in the joints and extra-articular structures and prevents joint damage and 
functional loss in the spondyloarthropathies. 

e NSAIDs improve symptoms in the spondyloarthropathies but do not affect the disease 
course. 

e Tumor necrosis factor a inhibitors have proven efficacy in axial skeleton disease. 

e Antibiotics are not indicated to treat joint disease in reactive arthritis. 
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Pathophysiology 


Various cytokines mediate the local inflammatory and destructive processes affecting the 
synovium, entheses, and bone. The significant efficacy of tumor necrosis factor (TNF) a 
inhibitors in the treatment of the spondyloarthropathies suggests that TNF is a key mediator in 
this inflammatory process. T-cell activation is characteristic of the pathogenesis of the 
spondyloarthropathies, particularly psoriatic arthritis. 
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Genetic Predisposition 


The class I histocompatibility antigen HLA-B27 is the strongest genetic risk factor for the 
spondyloarthropathies. HLA-B27 is a strong risk factor for ankylosing spondylitis and reactive 
arthritis but is less associated with enteropathic and psoriatic arthritis. Less than 5% of HLA- 
B27-positive persons develop ankylosing spondylitis, whereas more than 50% of first-degree 
relatives of affected patients develop this condition. Compared with patients with other patterns 
of joint involvement, patients with psoriatic and enteropathic arthritis who have sacroiliitis and 
spondylitis have a higher rate of HLA-B27 positivity. 


Testing for HLA-B27 positivity generally is not helpful diagnostically, because most HLA-B27- 
positive persons do not develop disease. In addition, not all patients with this disease have this 
allele. 
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Environmental Triggers 


Infectious organisms can trigger the onset of reactive arthritis in genetically predisposed patients. 
Nongonococcal genitourinary tract infections (primarily Chlamydia) and infectious diarrhea 
(which may occur in large outbreaks, such as among military troops) caused by organisms 
including Shigella, Salmonella, Yersinia, and Campylobacter can be associated with reactive 
arthritis. Antibiotic treatment does not alter the course of arthritis in patients with nongonococcal 
disease but does in patients with gonococcal infections. 


Infectious triggers have been suspected in all of the spondyloarthropathies. These triggers 
include the potential immunostimulatory properties of gastrointestinal flora in enteropathic 
arthritis and the bacteria harbored in psoriatic skin plaques. 


Patients with HIV infection have an increased incidence of reactive arthritis, psoriasis, and 
psoriatic arthritis. These conditions may have an explosive onset and a more severe disease 


course in patients with HIV infection compared with HIV-negative patients. However, the 
causative role of HIV infection in this setting is unknown. Testing for HIV infection is indicated 
for patients newly diagnosed with severe psoriatic or reactive arthritis. 
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Diagnosis and Evaluation 


The cardinal feature of the spondyloarthropathies is enthesitis with subsequent reactive new bone 
and spur formation. Spinal manifestations of the spondyloarthropathies include sacroiliitis and 
spondylitis, which most typically cause initial pain in the gluteal region that persists for more 
than 3 months and may progress with time to involve the rest of the spine. Unlike mechanical 
back pain, pain and stiffness associated with the spondyloarthropathies are characteristically 
worse in the morning and are alleviated with exercise. 


In the spondyloarthropathies, progressive limitation in spinal mobility occurs through the years 
and ultimately results in spinal fusion, often in a forward-flexed position, with decreased chest 
expansion (Figure 14). Before sacroiliac joint fusion develops, these joints may be tender to 
palpation. Lateral compression of the pelvis with the patient in a lateral decubitus position also 
may elicit discomfort. The Schober test helps to monitor loss of lumbar flexion. Patients with a 
spondyloarthropathy also may have a loss of cervical spine mobility. 


Initial radiographic irregularities along the margins of the sacroiliac joints lead to eventual 
ankylosis and fusion, and radiography reflects these progressive changes (Figure 15). 
Inflammation of the ligamentous attachments erodes the corners of the vertebral bodies, which 
produces a squared-off appearance. Over time, ossification of these ligaments leads to the 
development of a rigid “bamboo spine,” named because the shape of the vertebrae resemble 
bamboo on radiography. MRI is the most sensitive method for detecting early inflammatory 
changes in the sacroiliac joints and spine. 


Enthesitis and bone spurs can occur at any site of tendon attachment. Common sites include the 
plantar fascia and the Achilles tendon, and involvement at these sites often causes episodes of 
inflammation and heel pain. 


The pattern and degree of peripheral joint involvement among the spondyloarthropathies vary 
widely (Table 6). The most common pattern is a large-joint asymmetrical oligoarthritis that 
predominantly involves the lower extremities. However, psoriatic arthritis may potentially 
manifest with a predominantly peripheral arthritis that involves the small joints. Histologically, 
the synovitis seen in patients with a spondyloarthropathy resembles that of rheumatoid arthritis. 


Joint ankylosis also may occur in the seronegative spondyloarthropathies. Enthesitis is 
characterized by inflammation of the tendon insertion sites and contributes to dactylitis, which 
can cause the characteristic sausage-shaped digits associated with psoriatic and reactive arthritis 


(Figure 16). 


Extra-articular manifestations of the seronegative spondyloarthropathies include inflammatory 
disease of the skin, eyes, lungs, gastrointestinal and genitourinary tracts, and vascular system 
(Table 7). The most overt skin manifestation is psoriasis, but other mucocutaneous involvement 
includes oral ulcerations, keratoderma blennorrhagicum, and circinate balanitis (plaques or ulcers 
involving the glans and shaft of the penis) most typical in reactive arthritis, and erythema 
nodosum and pyoderma gangrenosum most typical in enteropathic arthritis. Inflammatory eye 
disease, which can be recurrent, includes conjunctivitis, uveitis, and keratitis. 


Genitourinary manifestations of the seronegative spondyloarthropathies include noninfectious 
urethritis, prostatitis, cervicitis, and salpingitis. Inflammatory bowel disease is the most obvious 
form of gastrointestinal involvement. Pulmonary fibrosis, when present, characteristically 
involves the lung apices rather than the basilar regions typically affected in other systemic 
rheumatic diseases. Aortitis with aortic root dilatation, conduction abnormalities, and myocardial 
dysfunction may occur. Both pulmonary and cardiac complications are rare and more 
characteristic of ankylosing spondylitis than of other types of seronegative 
spondyloarthropathies. 


Figure 14. Spinal deformity in ankylosing spondylitis. 


This patient has forward flexion of the upper spine resulting in the characteristic stooped posture 
associated with ankylosing spondylitis. 
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Figure 15. Sacroiliitis and sacroiliac joint fusion. 


Figure 16. Sausage toes. 
This figure shows “sausage-shaped” digits caused by dactylitis in a patient with reactive arthritis. 


Reprinted with permission from Moore G. Atlas of the Musculoskeletal Examination. 
Philadelphia: American College of Physicians; 2003. 


Table 6. Pattern of Peripheral Synovitis in the 
Spondyloarthropathies 


Condition Pattern of Involvement 
Ankylosing Asymmetric large-joint oligoarthritis primarily involving the 
spondylitis/reactive arthritis lower extremities 
Enteropathic arthritis Asymmetric large-joint oligoarthritis primarily involving the 
lower extremities 


Peripheral joint flares parallel the course of the bowel disease 


Psoriatic arthritis Oligoarticular disease: Asymmetric large-joint oligoarthritis 
primarily involving the lower extremities 


Polyarticular disease: Symmetric polyarthritis involving both the 
large and small joints resembling rheumatoid arthritis 


DIP joint disease: Associated with nail involvement 


Arthritis mutilans: Severely destructive arthritis involving the 
hands with shortening of the digits 


DIP = distal interphalangeal. 


Table 7. Clinical Features in the Seronegative 
Spondyloarthropathies 


Condition Spine Joints (Arthritis) Skin Eyes GI GU Pulmonary Vascular 
Ankylosing spondylitis +++ ++ ++ + + + + 
Reactive arthritis ++ +++ ++ +++ +++ + 
Enteropathic arthritis ++ ++ + + +H+ + 
Psoriatic arthritis ++ ++ +++ + 


GI = gastrointestinal; GU = genitourinary; + = rare, ++ = more frequent; +++ = characteristic of 
the disease. 
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Classification 


Ankylosing Spondylitis 
Reactive Arthritis 


Enteropathic Arthritis 
Psoriatic Arthritis 


PreviousNext 
Ankylosing Spondylitis 


Ankylosing spondylitis is the prototypical spondyloarthropathy. The prevalence of this condition 
in the United States is less than 1%. Ankylosing spondylitis affects men more often than women 
(ratio of 3:1 to 5:1), and women typically have a milder form of disease and may go 
undiagnosed. 


The onset of ankylosing spondylitis is marked by persistent low back pain and occurs in the 
teenage years or 20s. The inflammatory spinal disease typically progresses cephalad and results 
in a characteristic stooped posture and loss of spinal mobility seen in late disease (see Figure 


14). However, disease may be limited to the pelvis and sacroiliac joints (Table 8). Fractures, 
including those caused by minor trauma to the rigid spine, and spinal cord and nerve root 
impingement (such as the cauda equina syndrome) may complicate spinal involvement. Arthritis 
of the hips, which is rare in patients with rheumatoid arthritis, is common in this disease and 
further worsens function. 


Early diagnosis of ankylosing spondylitis has become particularly important since the advent of 
therapeutic agents that potentially can alter the debilitating course of this disease. However, 
diagnosis of this condition often is delayed by many years. Persistent back pain or extra-articular 
manifestations (particularly eye involvement) typically prompt affected patients to seek medical 
attention. 


Early in the disease course, plain radiographs of the pelvis and spine are normal. At this stage, 
patients with suspected disease should undergo MRI of the sacroiliac joints to detect early 
inflammatory and erosive changes. 


Table 8. Musculoskeletal Examination Findings Consistent 
with Ankylosing Spondylitis 


Loss of spinal mobility 
Decreased lumbar spinal mobility in all directions 


Positive modified Schober test: With the patient standing, put two marks on the skin over the 
lumbar area: one at the midline at the level of the sacral dimples, the other 10 cm higher. Ask the 
patient to bend forward as far as possible with the knees fully extended. An increase in distance 
between the marks <4 cm indicates diminished flexibility of the lumbar spine. 


Decreased cervical spinal mobility in all directions 

Fixed forward flexion with an increased wall-to-occiput distance 
Sacroiliac joint tenderness 

Decreased chest expansion 


A decrease from the usual >5-cm chest expansion seen in normal persons on maximal inspiration 
after a full expiration 


Enthesitis 


Tenderness over the iliac crest, chest wall, Achilles and plantar insertion of the heel, spinous 
processes, and other bony prominences 


Peripheral inflammatory joint disease 


Oligoarticular inflammatory arthritis typically involving the hips, knees, and ankles with 
effusion, decreased range of motion, and periarticular inflammation 


Modified with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Reactive Arthritis 


Reactive arthritis is an inflammatory arthritis that presents within 2 months of an episode of 
bacterial gastroenteritis or nongonococcal urethritis or cervicitis in a genetically susceptible 
patient. Cultures for the infectious trigger in this setting are usually negative by the time arthritis 
develops. Serologic testing for a previous infectious exposure is rarely helpful but if positive 
would more strongly suggest reactive arthritis, which is generally less severe than the other 
spondyloarthropathies. Diagnosis of reactive arthritis is more difficult when there is no history of 
a preceding infection, as occurs in asymptomatic sexually transmitted diseases. 


The clinical features of reactive arthritis most likely result from bacterial antigens that trigger an 
immunologic reaction because of molecular mimicry between these antigens and self-proteins. 
Patients with rheumatoid arthritis also may have bacterial antigens, but routine synovial fluid 
cultures in these patients are negative. 


The incidence of reactive arthritis varies according to the rate of HLA-B27 positivity in the 
population and the infectious organism but is approximately 1% to 2% after Chlamydia infection 
and 5% to 20% after gastroenteritis. The incidence is at least five times higher in men than 
women after a sexually transmitted disease but is equal in men and women after bacterial 
diarrhea. 


Reactive arthritis has an acute onset and may present with an asymmetric oligoarthritis 
predominantly of the lower extremities, inflammatory back pain, or a combination of these 
symptoms. Symptoms of enthesitis, such as heel pain, also may be present. Extra-articular 
manifestations, particularly eye, genitourinary, and mucocutaneous lesions, are common and 
may precede the development of the arthritis. Only one third of affected patients have the classic 
triad of arthritis, urethritis, and conjunctivitis associated with reactive arthritis. 


Acute episodes of reactive arthritis typically resolve within 4 to 6 months. In some patients, these 
episodes recur or evolve into a chronic destructive arthritis or progressive spinal disease. 
Approximately 10% to 50% of affected patients have recurrent or progressive disease. 
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Enteropathic Arthritis 


Inflammatory arthritis can complicate Crohn disease and ulcerative colitis. Up to 20% of patients 
with inflammatory bowel disease develop a peripheral arthritis, which manifests as either a 
polyarticular arthritis resembling rheumatoid arthritis or an asymmetric oligoarthritis 
predominantly of the lower extremities resembling reactive arthritis. The peripheral arthritis may 
precede the development of gastrointestinal symptoms. The course of arthritis often fluctuates 


with the activity of the underlying bowel involvement. However, in a few patients, the arthritis 
dominates the clinical presentation and has a progressive, destructive course. Rarely, the 
peripheral arthritis precedes the development of gastrointestinal symptoms. 


Another 10% to 20% of patients with inflammatory bowel disease have spinal involvement 
ranging from asymptomatic sacroiliac disease found incidentally on radiographs to a clinical 
presentation identical to that of ankylosing spondylitis with progressive spinal fusion. Unlike the 
peripheral arthritis, the progression of spinal involvement in enteropathic arthritis is independent 
of the course of the bowel disease. 


Additional extra-articular manifestations of enteropathic arthritis include inflammatory eye 
disease and cutaneous lesions (particularly erythema nodosum) and occur in up to 20% of 
patients with this condition. The course of these extra-articular manifestations typically parallels 
peripheral joint and bowel inflammation. 
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Psoriatic Arthritis 


Psoriasis affects an estimated 1% to 2% of the general population, and a total of 20% to 40% of 
affected patients develop arthritis. The highest incidence of psoriatic arthritis occurs in patients 
with extensive skin involvement. However, this condition can develop even in patients with 
subtle skin disease, such as that limited to the nails. 


The distribution of joint involvement in psoriasis varies widely among patients. Psoriatic arthritis 
is classified with the spondyloarthropathies because of the potential axial involvement, the 
contribution of enthesitis in its pathogenesis, and its increased association with HLA-B27. 


Psoriatic arthritis most commonly presents with a symmetric polyarticular arthritis that 
resembles rheumatoid arthritis in distribution except that psoriatic arthritis also is associated with 
increased involvement of the distal interphalangeal (DIP) joints (Figure 17). In a small subset of 
patients with psoriatic arthritis, the arthritis is limited almost exclusively to the DIP joints and is 
often associated with psoriatic fingernail changes with pitting and onycholysis (Figure 18 and 
Figure 19). Rarely, an extensive osteolysis of the digits occurs and results in arthritis mutilans, a 
condition that causes severe hand deformities. 


Other patients with psoriatic arthritis present with an asymmetric, predominantly oligoarthritis 
similar to that found in the other spondyloarthropathies. Up to 40% of patients with psoriatic 
arthritis have evidence of either sacroiliitis (which may be asymmetric) or spondylitis, most often 
accompanying a peripheral arthritis. In a small percentage of these patients, involvement is 
limited to the spine. 


A significant overlap exists among these patterns of involvement, which may change throughout 
the disease course in patients with psoriatic arthritis. Typically, psoriasis predates the arthritis by 
years, whereas arthritis develops before skin disease in 15% of patients. 


A diagnosis of psoriatic arthritis should be suspected in patients with dactylitis, marked DIP joint 
involvement, asymmetric joint involvement, symptoms of enthesitis, or joint ankylosis. In these 
patients, a thorough skin examination should be performed to evaluate for nail changes or 
undetected small patches of psoriasis in areas such as the scalp, periumbilical area, and 
intertriginous skin folds to verify the diagnosis. 


Figure 17. Psoriatic arthritis involving the hand. 


This radiograph shows “pencil-in-cup” deformities of the distal interphalangeal joints of the 
thumb and middle fingers. These deformities are caused by erosive changes associated with 
psoriatic arthritis. 


Reprinted with permission from Clinical Slide Collection on the Rheumatic Diseases. Atlanta: 
American College of Rheumatology. Copyright 1972-2004 American College of Rheumatology. 


Figure 18. Psoriatic arthritis of the hands with phalangeal 
joint and nail involvement. 


This patient with psoriatic arthritis has onycholysis and onychodystrophy. 


Figure 19. Nail pitting in a patient with psoriasis. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Treatment 


Many of the treatments used in rheumatoid arthritis also suppress inflammation in the joints and 
extra-articular structures and provide long-term prevention of joint damage and functional loss in 
the spondyloarthropathies. These treatments include the aggressive use of immunosuppressive, 
disease-modifying agents such as methotrexate or sulfasalazine. The use of tumor necrosis factor 
a inhibitors and disease-modifying agents should be guided by a rheumatologist. 


For years, NSAIDs were the mainstay of therapy for the spondyloarthropathies, particularly 
before the advent of effective disease-modifying therapy for spinal involvement. These agents 
continue to be used as chronic therapy for joint inflammation and pain. However, NSAIDs do 
not alter the disease course or prevent disease progression. NSAIDs also may exacerbate 
inflammatory bowel disease and should be used with caution in patients with enteropathic 
arthritis. 


Low-dose oral corticosteroids, preferably in short courses, may be used for peripheral arthritis 
but are not clinically useful in inflammatory spinal disease and worsen the risk for osteoporosis. 
In psoriatic arthritis, dramatic flares in skin disease have been reported with corticosteroid taper; 


therefore, corticosteroids ideally should be avoided in this patient population. Intra-articular 
injections may benefit patients with predominant involvement in one to two joints, but 
arthrocentesis through a psoriatic plaque is contraindicated secondary to the risk of joint 
infection. 
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Ankylosing Spondylitis 


Tumor necrosis factor (TNF) a inhibitors are currently first-line therapy in ankylosing 
spondylitis. These agents are the first therapy to significantly suppress inflammation in the axial 
skeleton and therefore improve back pain and potentially halt progressive ankylosis with the 
subsequent loss of mobility and function (Figure 20). TNF-a inhibitors also have shown efficacy 
in peripheral arthritis and extra-articular disease. Traditional immunosuppressants, such as 
methotrexate or sulfasalazine, benefit patients with peripheral joint and extra-articular disease 
but are not effective for spinal involvement. Exercise (including physical therapy) and NSAIDs, 
once the primary therapeutic options in ankylosing spondylitis, are still indicated for 
symptomatic and functional improvement. 


Figure 20. MRI of the lumbar spine in a patient with 
ankylosing spondylitis pre- and post—tumor necrosis factor 
a inhibitor therapy. 


The left panel shows edema immediately adjacent to the L4 to L5 endplates (asterisks) and 
immediately subjacent to the superior endplate of L5 (arrow). The right panel shows the lumbar 
spine after tumor necrosis factor a inhibitor therapy was initiated and reveals resolution of active 
enthesitis by fatty marrow replacement (arrow). 
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Reactive Arthritis 


Despite the association between reactive arthritis and bacterial infection, antibiotics are indicated 
primarily for acute infection and generally are of dubious benefit for reactive joint disease. In 
some studies, a 3-month trial of minocycline or a similar agent was shown to improve the 
clinical course of reactive arthritis, particularly when this condition was associated with 
Chlamydia infection. 


NSAIDs are first-line therapy for symptom management in reactive arthritis. Corticosteroid 
therapy (topical, intralesional, or intra-articular) is useful for skin lesions, eye involvement, and 
acute arthritis or enthesitis in this setting. Disease-modifying agents such as sulfasalazine or 
methotrexate can be beneficial in recurrent or chronic inflammatory disease. TNF-a inhibitors 
should be considered only if other interventions are ineffective or if patients have significant 
axial skeleton involvement or severe disease. 
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Enteropathic Arthritis 


The immunosuppressive therapies that benefit intestinal disease in enteropathic arthritis also 
have efficacy in the treatment of the associated peripheral joint and extra-articular 
manifestations. These therapies include corticosteroids, sulfasalazine, azathioprine, methotrexate, 
and the TNF-a inhibitors infliximab and adalimumab. Etanercept has not shown efficacy in 
treating bowel symptoms in this setting. 


The activity of bowel involvement typically determines therapeutic decisions. In patients with 


predominantly axial skeleton disease, TNF-a inhibition should be considered even if the bowel 
disease is quiescent. 
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Psoriatic Arthritis 


The therapeutic options in psoriatic arthritis are similar to those in rheumatoid arthritis. 
Generally, immunosuppressive agents that have efficacy in psoriasis also benefit patients with 
joint disease. Methotrexate is beneficial for both skin and joint disease and has dominated 
therapy for many years. TNF-a inhibitors increasingly have been shown to be effective in 
psoriatic arthritis and are the preferred intervention for patients with predominant spondylitis. 
Leflunomide, sulfasalazine, and cyclosporine also have been used to treat psoriatic arthritis. 
Rarely, hydroxychloroquine has been associated with flares in skin disease. 
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Systemic Lupus Erythematosus 


Pathophysiology 
Epidemiology and Risk Factors 


Clinical Manifestations 
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Systemic Lupus Erythematosus and Pregnancy 
Prognosis and Follow-up 


Key Points 


Systemic lupus erythematosus is characterized by the presence of autoantibodies, 
hypocomplementemia, increased production of interferon-a and interferon-B, and 
evidence of organ dysfunction. 

Estrogen-progestin oral contraceptives are contraindicated in patients with severe or 
unstable systemic lupus erythematosus, antiphospholipid antibody positivity, or a history 
of thrombosis. 


Lupus nephritis may manifest as new-onset hypertension or edema associated with high 
titers of anti-double-stranded DNA antibodies, hypocomplementemia, proteinuria, 
hematuria, and erythrocyte and granular casts in the urine. 

Patients with a strong clinical suspicion for lupus nephritis should begin high-dose 
corticosteroid therapy before renal biopsy is performed. 

Neurologic manifestations of systemic lupus erythematosus include peripheral 
neuropathy, mononeuritis multiplex, cranial neuritis, transverse myelitis, aseptic 
meningitis, stroke, seizure, encephalitis, and psychosis. 

Cardiopulmonary manifestations of systemic lupus erythematosus include pleurisy, 
pericarditis, endocarditis, myocarditis, interstitial lung disease, pneumonitis, and 
pulmonary hemorrhage. 

The antiphospholipid syndrome manifests as venous and arterial thrombosis and recurrent 
fetal loss and may be associated with thrombocytopenia, hemolytic anemia, livedo 
reticularis, and cardiac valvular disease. 

Patients with symptoms suggestive of systemic lupus erythematosus should undergo an 
antinuclear antibody assay, complete blood count, erythrocyte sedimentation rate 
measurement, and urinalysis. 

Patients with a high pretest probability of systemic lupus erythematosus and the presence 
of antinuclear antibodies should undergo measurement of C3, C4, and CH50 and assays 
for antibodies to anti—double-stranded DNA, anti-Smith, antiribonucleoprotein, and anti- 
Ro/SSA, and anti-La/SSB. 

Patients with drug-induced lupus typically have antinuclear and antihistone antibodies but 
do not have renal or neurologic involvement or antibodies to anti—-double-stranded DNA, 
anti-Smith, antiribonucleoprotein, or anti-Ro/SSA or anti-La/SSB. 

In patients with drug-induced lupus, symptoms resolve 4 to 6 weeks after withdrawal of 
the offending drug. 

NSAIDs can be used to relieve pain in patients with systemic lupus erythematosus who 
have arthralgia or serositis. 

Hydroxychloroquine is safe and effective for skin and joint manifestations of systemic 
lupus erythematosus. 

Hydroxychloroquine should be continued indefinitely when appropriate to help prevent 
flares of systemic lupus erythematosus even in patients with quiescent disease. 

In patients with lupus nephritis, combination therapy with monthly intravenous 
cyclophosphamide and high-dose corticosteroids is superior to corticosteroids alone. 
Once remission of renal disease associated with systemic lupus erythematosus has been 
achieved, switching from cyclophosphamide to mycophenolate mofetil or azathioprine 
should be considered to maintain remission. 

Patients with systemic lupus erythematosus whose disease has been quiescent for at least 
6 months before conception and who either take no medications or take medications that 
can be continued during pregnancy typically have favorable pregnancy outcomes. 
Disease activity, particularly renal manifestations, increases the risk for preeclampsia in 
pregnant patients with systemic lupus erythematosus. 

Antiphospholipid antibodies predispose patients with systemic lupus erythematosus to 
both intrapartum and postpartum venous and arterial thromboses and are associated with 
second- and third-trimester pregnancy losses. 


e Neonatal lupus affects 1% to 2% of children of mothers with anti-Ro/SSA or anti-La/SSB 
antibodies, independent of whether these women have systemic lupus erythematosus or 
Sjögren syndrome. 

e Neonatal lupus can cause in utero fetal heart block and postnatal rash and hematologic 
and hepatic abnormalities. 

e Inpatients with systemic lupus erythematosus, an increase in anti—double-stranded DNA 
antibody titers and a decrease in complement levels warrant closer follow-up. 

e Systemic lupus erythematosus is a risk factor for premature atherosclerosis, death from 
coronary artery disease, and hematologic malignancy. 
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Pathophysiology 


Systemic lupus erythematosus (SLE) is characterized pathophysiologically by the presence of 
autoantibodies, hypocomplementemia, and increased production of interferon-a and interferon-B 
that result in humoral and cellular inflammation in the skin, joints, kidneys, blood cells, nervous 
system, and serosal surfaces. Patients with SLE have abnormalities in immune tolerance to self- 
antigens and in the ability to clear cellular debris containing these antigens. Disease flares can 
occur when exposure to ultraviolet light causes skin cells to become apoptotic or when a viral 
infection causes cell necrosis. 


Autoantibodies in patients with SLE can take the form of immune complexes that deposit in 
tissues or bond to target cells. Once deposited, these autoantibodies can cause damage by fixing 
complement on the surface of a cell, which causes cell lysis; binding to Fc receptors on 
circulating cells, which leads to their clearance in the liver or spleen; or binding to Fc receptors 
on macrophages, which initiates cell-mediated inflammation. 
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Epidemiology and Risk Factors 


SLE has a 9:1 female predominance and a peak age of onset between 15 and 45 years; it is more 
common and more severe in nonwhite patients. Estrogen may be associated with SLE. Recent 
studies suggest that estrogen-progestin oral contraceptives do not trigger disease flares in women 
with mild, stable SLE. However, these agents should be used with caution in patients with SLE 
and are contraindicated in patients with severe or unstable disease, antiphospholipid antibody 
positivity, or a history of thrombosis. 
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Clinical Manifestations 


Cutaneous Involvement 

Joint Involvement 

Renal Involvement 
Neurologic Involvement 
Cardiopulmonary Involvement 
Hematologic Involvement 
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Cutaneous Involvement 


Approximately 80% of patients with SLE have cutaneous involvement at some point in their 
disease course. Immune complex deposition at the dermal-epidermal junction occurs in all 
patients with lupus-related rashes. Most rashes associated with SLE occur in areas exposed to the 
sun. 
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Butterfly Rash 


Butterfly rash, or malar rash, occurs in approximately 25% of patients with SLE and is 
associated with acute disease. This rash is erythematous and sharply defined and can be flat or 
raised. It is localized to the cheeks and the bridge of the nose and spares the nasolabial folds; it 
also may involve the forehead, chin, neck, and chest (Figure 21). The rash resembles rosacea 
except that rosacea does affect the nasolabial folds and is further characterized by telangiectasias, 
pustules, and papules without comedones. 
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Figure 21. Butterfly rash. 
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Subacute Cutaneous Lupus Erythematosus 


Subacute cutaneous lupus erythematosus, which occurs in approximately 5% of patients with 
SLE, is associated with anti-Ro/SSA and anti-La/SSB antibodies. The papulosquamous form of 
subacute cutaneous lupus erythematosus resembles psoriasis, whereas the annular variant is 
characterized by scaly erythematous circular plaques with central hypopigmentation (Figure 22). 
These rashes most commonly involve the neck, trunk, and extensor surfaces of the arms. They 
can be chronic and recurrent but do not scar. 


Figure 22. Rash in subacute cutaneous lupus erythematosus. 


The left panel shows a patient with an annular polycyclic rash characterized by scaly 
erythematous circular plaques with central hypopigmentation. The right panel shows a patient 
with a papulosquamous rash, which manifests as a silvery, erythematous scaly rash that appears 
in a symmetric pattern. 
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Discoid Lupus 


Chronic discoid lupus is a form of chronic cutaneous lupus and occurs in approximately 5% of 
patients with SLE. This condition can exist as a primary cutaneous disease as well as a 
manifestation of SLE; only 10% of patients with primary discoid lupus develop SLE. 


Discoid lupus manifests as erythematous indurated scaly plaques that typically develop above the 
neck and often involve the ear canals. Key features include peripheral expansion and central 
regression with plugging of the hair follicles, hyperpigmentation, and atrophic scarring. Facial 
scarring can be severe, and scarring on the scalp can cause irreversible patchy alopecia. 
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Alopecia 


Alopecia occurs in up to 70% of patients with SLE, and most cases of alopecia are not associated 
with discoid lupus. The nonscarring form of alopecia occurs in patients with active SLE and may 
be associated with skin changes consistent with seborrhea, such as erythema and scaling of the 
scalp. In patients with SLE, alopecia is reversible once the systemic disease is controlled. 
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Mucosal Ulcerations 


Approximately 10% of patients with SLE develop mucosal ulcerations that characteristically are 
localized to the tongue and hard palate but may affect the nose and entire mouth. They typically 
are painless but may cause pain in some patients. Aphthous ulcers and oral ulceration due to 
herpes simplex virus and Behcet disease are typically painful. 
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Raynaud Phenomenon 


Raynaud phenomenon develops in 30% of patients with SLE. Arterial vasospasm causes this 
condition, which manifests as a triphasic color change of the fingers. The digits in affected 
patients evolve from white to blue with ischemia and then become red with reperfusion. 
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Joint Involvement 


More than 90% of patients with SLE develop joint involvement that can manifest as arthralgia or 
true arthritis. Joint pain is often migratory and can be oligoarticular or polyarticular, or 
asymmetric or symmetric. Pain typically involves the large and small joints; the wrists and 
metacarpophalangeal and proximal interphalangeal joints in particular are most commonly 
affected. 


Tenderness, swelling, and warmth of the joints also can occur in patients with SLE and are often 
mild, and arthritis in this setting is typically nonerosive. Tendon inflammation can cause joint 
laxity that leads to reducible deformities that mimic rheumatoid arthritis, such as Jaccoud 
arthropathy. Patients with SLE also may develop fibromyalgia. 
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Renal Involvement 


Up to 50% of patients with SLE have renal involvement. Acute forms of lupus nephritis can be 
asymptomatic or manifest as severe systemic illness. Renal biopsy is usually needed to diagnose 
lupus nephritis. 
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Proliferative Lupus Nephritis 


Signs of proliferative lupus nephritis may include new-onset hypertension or edema. Laboratory 
studies in affected patients typically reveal high titers of anti-double-stranded DNA antibodies 
and hypocomplementemia, proteinuria, hematuria, and erythrocyte and granular casts in the 
urine. 


Focal segmental proliferative lupus nephritis and diffuse proliferative lupus nephritis differ only 
in their degree of glomerular involvement. Renal biopsy specimens in patients with these 
conditions characteristically reveal glomerular hypercellularity, crescent formation, and immune 
complex deposition in the subendothelial space and may show interstitial inflammation. The 
presence of hypercellularity/inflammation on biopsy specimen can help to determine the degree 
of disease activity, and the presence of necrosis/scarring can help to determine chronicity. 


Patients with early disease may not have renal insufficiency, and early treatment does not 
significantly affect the findings on renal biopsy. However, progression to renal failure can be 
rapid; therefore, patients with a strong clinical suspicion for lupus nephritis should begin high- 
dose corticosteroid therapy before renal biopsy is performed. 
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Membranous Lupus Nephritis 


Patients with membranous lupus nephritis typically present with the nephrotic syndrome and 
usually do not have features of nephritis, such as hypertension, an active urine sediment, or renal 
insufficiency. High titers of anti-double-stranded DNA antibodies and hypocomplementemia 
also may be absent. 


Membranous lupus nephritis is characterized pathologically by thickening of the basement 
membrane, immune complex deposition in the subepithelial area, and an absence of 
hypercellularity in the glomerulus. Marked proteinuria also may be present. 

Membranous lupus nephritis is indolent but can lead to renal insufficiency and secondary 


hypertension. Treatment is recommended when this condition presents acutely, but acute disease 
can be refractory. 
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Membranoproliferative Glomerulonephritis 


Some patients have both proliferative and membranous lupus nephritis; therapy is targeted 
towards the more aggressive proliferative disease. 
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Neurologic Involvement 


Approximately 15% of patients with SLE have involvement of the central, peripheral, and 
autonomic nervous systems as a result of vasculitis of small, medium, or large vessels. 
Antineuronal antibodies may be present, but elevated titers of anti-double-stranded DNA 
antibodies and hypocomplementemia often are absent. Manifestations include peripheral 
neuropathy, mononeuritis multiplex, cranial neuritis, transverse myelitis, aseptic meningitis, 
stroke, seizure, encephalitis, and psychosis. An adverse effect of NSAIDs in patients with SLE 
also may be aseptic meningitis. Seizure in patients with SLE often is a manifestation of 
azotemia, systemic infection, meningitis, or stroke rather than of SLE itself. Subtle chronic 
cognitive deficits may occur in patients with SLE but can be difficult to distinguish from 
medication side effects and depression. 
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Cardiopulmonary Involvement 


Up to 50% of patients with SLE have pleurisy or pericarditis. Libman-Sacks (verrucous) 
endocarditis, myocarditis, interstitial lung disease, pneumonitis, and pulmonary hemorrhage also 
may occur. 


Pleurisy in patients with SLE generally is not life threatening and responds well to treatment. 
Pericarditis also responds to treatment, although a pericardial window to drain excess fluid rarely 
may be indicated to manage tamponade. The differential diagnosis of chest pain in patients with 
SLE includes costochondritis. 


Acute lupus pneumonitis is a rare but serious condition that generally manifests as fever, cough, 
pleurisy, and shortness of breath accompanied by infiltrates on chest radiography. Differentiating 
between acute lupus pneumonitis and infection is critical; occasionally, lung biopsy is needed for 
diagnosis. Alveolar hemorrhage as a manifestation of pulmonary vasculitis is suggested by 
alveolar infiltrates on chest radiography and an increased DLCO, although some patients with 
dyspnea may not be able to undergo pulmonary function testing. Alveolar hemorrhage is a 
medical emergency and requires prompt immunosuppressive therapy. 
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Hematologic Involvement 


Depression of the hematopoietic system commonly occurs in patients with SLE but also may 
develop as a side effect of the immunosuppressive therapy used to treat SLE. Leukopenia (as a 
result of lymphopenia, not neutropenia) is a good marker of disease activity, although the 
leukopenia tends to be mild and does not itself typically predispose patients to infection. SLE- 
related leukopenia must be distinguished from immunosuppressive drug—related leukopenia, 
which may develop after institution of a new agent or a change in dosage. Leukopenia also may 
develop when the dosage of corticosteroids, which cause leukocytosis, is tapered. Dosage 
adjustment is indicated for patients with medication-related leukopenia. 


Approximately 5% of patients with SLE develop autoimmune (Coombs-positive) hemolytic 
anemia, sometimes accompanied by idiopathic thrombocytopenic purpura. Approximately 10% 
to 25% of patients with SLE develop mild thrombocytopenia (platelet count of 100,000/uL to 
150,000/uL [100 x 10°/L to 150 x 10°/L]). However, a platelet count less than 20,000/uL (20 x 
10°/L) may develop in some patients and warrants aggressive treatment that may include 
splenectomy. Thrombocytopenia also may occur as a manifestation of thrombotic 
thrombocytopenic purpura, which is more prevalent in patients with SLE than in the general 
population. 
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The Antiphospholipid Syndrome 


Approximately 40% of patients with SLE have antiphospholipid antibodies. However, not all of 
these patients have manifestations of the antiphospholipid syndrome, which include venous and 
arterial thrombosis and recurrent fetal loss. This syndrome also may be associated with 
thrombocytopenia, hemolytic anemia, livedo reticularis, and cardiac valvular disease. 


Both SLE and the antiphospholipid syndrome can cause neurologic and renal manifestations. 
Therefore, determining whether the presenting condition in patients with SLE who have 
antiphospholipid antibodies is inflammatory or thrombotic/embolic is critical in order to initiate 
appropriate treatment. The presence of inflammatory markers such as an elevated erythrocyte 
sedimentation rate, leukopenia, elevated titers of anti-double-stranded DNA antibodies, and 
hypocomplementemia suggest an inflammatory process, whereas tissue infarcts in the absence of 
elevated inflammatory markers and thrombotic vasculopathy on tissue biopsy specimen suggest 
a thrombotic process. Anticoagulation is indicated in patients with thrombotic manifestations of 
the antiphospholipid syndrome. 


PreviousNext 


Diagnosis and Evaluation 


Characteristic clinical features and laboratory findings are used to diagnose SLE (Table 9). 
Autoantibody positivity in SLE has both diagnostic and prognostic relevance (Table 10). More 


than 99% of untreated patients with SLE have high titers of antinuclear antibodies. However, 

antinuclear antibodies are nonspecific and should be measured only in patients whose clinical 
presentation suggests at least a moderate pretest probability of SLE. Monitoring ANA titers is 
not warranted because these values do not reflect disease activity. 


Further testing indicated in patients with symptoms suggestive of SLE include a complete blood 
count, erythrocyte sedimentation rate measurement, and urinalysis. Patients with a high pretest 
probability of SLE and antinuclear antibodies (usually a titer >1:160) should undergo 
confirmatory testing, such as measurement of C3, C4, and CH50 and more specific autoantibody 
testing. Antibodies to double-stranded DNA are present in approximately 50% to 70% of patients 
with SLE, whereas anti-Smith, antiribonucleoprotein, anti-Ro/SSA, and anti-La/SSB antibodies 
are present in 10% to 60% of patients with SLE. These antibodies are rarely present in patients 
without connective tissue disease. Patients with a new diagnosis of SLE also should also undergo 
screening for anticardiolipin antibodies and the lupus anticoagulant. 


Table 9. American College of Rheumatology Classification 
Criteria for Systemic Lupus Erythematosus” ” 


Malar rash 

Discoid rash 
Photosensitivity 

Oral ulcers 

Arthritis 

Serositis 

Renal disorder 
Neurologic disorder 
Hematologic disorder 
Immunologic disorder (anti-dsDNA, anti-Sm, or antiphospholipid antibodies) 
Antinuclear antibodies 


Anti-dsDNA antibody = anti—double-stranded DNA antibody; anti-SM antibody = anti-Smith 
antibody. 


“At least four of these criteria must be present. 


>These criteria may not be useful for diagnosing mild disease. 


Table 10. Autoantibodies and Their Clinical Associations in 
Systemic Lupus Erythematosus 


Antibody Sensitivity" Clinical Association 
(%) 


Anti-dsDNA 50-70 Glomerulonephritis, more severe SLE 


Anti-Sm 20-30 Glomerulonephritis, CNS disease 

Anti-RNP 30-40 Raynaud phenomenon, myositis, MCTD 

Anti-Ro/SSA 20-60 SCLE, Sjögren syndrome, neonatal lupus 

Anti-La/SSB 10-15 SCLE, Sjögren syndrome, neonatal lupus 

Antiphospholipid 30-50 Arterial and venous thrombosis, recurrent fetal loss, 
thrombocytopenia 

Antiribosomal P 15 Psychosis, depression 

protein 

Antihistone 70 Present in >95% of patients with drug-induced lupus 


anti-dsDNA = anti—double-stranded DNA; SLE = systemic lupus erythematosus; anti-Sm = anti- 
Smith; CNS = central nervous system; anti-RNP = antiribonucleoprotein; MCTD = mixed 
connective tissue disease; SCLE = subacute cutaneous lupus erythematosus. 


“The specificity of antibodies to anti-dsDNA, anti-Sm, anti-RNP, anti-Ro/SSA, and anti-La/SSB 
is more than 95%. 
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Differential Diagnosis 


e Undifferentiated Connective Tissue Disease 
e Drug-Induced Lupus 
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Undifferentiated Connective Tissue Disease 


Undifferentiated connective tissue disease (UCTD) is characterized by the presence of 
antinuclear antibodies accompanied by only one or two criteria for SLE. Most patients with 
UCTD do not have progressive disease, although some affected patients may eventually develop 
SLE or another connective tissue disease, such as systemic sclerosis or myositis. Treatment of 
UCTD involves symptomatic management. 
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Drug-Induced Lupus 


Many medications cause an SLE-like syndrome known as drug-induced lupus (Table 11). Drug- 
induced lupus affects older patients more often than does SLE and does not have a female 
predominance. 


Drug-induced lupus typically manifests as fever, arthralgia, and serositis accompanied by 
antinuclear antibodies. Affected patients also may have mild pancytopenia; renal and neurologic 
manifestations are uncommon, and antibodies to anti—-double-stranded DNA, anti-Smith, 
antiribonucleoprotein, or anti-Ro/SSA or anti-La/SSB antibodies are typically absent. Up to 95% 
of patients have antihistone antibodies, which also are present in more than 50% of patients with 
SLE. 


The diagnosis of drug-induced lupus is established when compatible symptoms develop after 
institution of a drug and resolve after its withdrawal. Symptoms typically last for 4 to 6 weeks, 
whereas serologic abnormalities can persist for years. Some affected patients require a short 
course of NSAIDS or corticosteroids. 


Table 11. Medications Associated with Drug-Induced Lupus 


Definite Associations with Drug-Induced Lupus" 
Hydralazine 
Procainamide 
Isoniazid 
Methyldopa 
Chlorpromazine 
Quinidine 
Minocycline 

Possible Associations with Drug-Induced Lupus” 
Anticonvulsants (carbamazepine, ethosuximide, phenytoin) 
Antithyroid drugs (propylthiouracil, methimazole) 
Statins 
B-Blockers 
Thiazides 
Sulfasalazine 
Zafirlukast 
Ticlopidine 

Biologic Agents“ 

Tumor necrosis factor a inhibitors (etanercept, infliximab, adalimumab) 
Interferon alfa 
Interleukin-2 


SLE = systemic lupus erythematosus. 
“Well-controlled studies have demonstrated the role of these agents in inducing SLE. 


P Associations between these agents and SLE have been shown in case reports and other less 
rigorous studies. When listed, drug classes indicate that all members of the class have been 
implicated. 


“Biologic agents are definite causes of drug-induced lupus that most likely cause SLE via their 
direct effect on cytokine levels rather than indirectly via an immune response to the drug itself, 
as is the case in classic drug-induced lupus. 


Modified from Sarzi-Puttini P, Atzeni F, Capsoni F, Lubrano E, Doria A. Drug-induced lupus 
erythematosus. Autoimmunity. 2005;38(7):507-518. [PMID: 16373256] Modified with 
permission from Taylor & Francis Ltd., www.tandf.co.uk/journals. 
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Treatment 


e Immunizations and Purified Protein Derivative Screening 


e NSAIDs and Hydroxychloroquine 
e Corticosteroids 


e Immunosuppressive Agents 
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Immunizations and Purified Protein Derivative Screening 


Patients with SLE should receive all routinely prescribed immunizations; however, patients 
taking more than 20 mg/d of prednisone or who use immunosuppressive therapy should not 
receive live attenuated vaccines, including those for varicella, herpes zoster virus, mumps, 
measles, and rubella. Tuberculin skin testing using purified protein derivative also should be 
performed in patients with SLE in whom corticosteroid or immunosuppressive therapy will most 
likely be used. 
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NSAIDs and Hydroxychloroquine 


NSAIDs can be used to relieve pain in patients with SLE who have arthralgia or serositis. 
Selective cyclooxygenase-2 inhibitors may increase the risk for thrombosis and therefore should 
be used with caution in patients with SLE who have antiphospholipid antibodies. 


Hydroxychloroquine is well tolerated and has a good safety profile and significant disease- 
modifying properties. This agent is effective for skin and joint manifestations and helps to 
prevent disease flares. Hydroxychloroquine should be continued indefinitely to prevent disease 
reactivation, even if the disease has been quiescent for many years. 
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Corticosteroids 


Photosensitive rashes in patients with SLE should be treated conservatively with a sunscreen that 
blocks UVA and UVB radiation, hydroxychloroquine, and topical corticosteroids; however, 
fluorinated corticosteroids should not be used on the face because of the risk of skin atrophy. 
Corticosteroids are the primary treatment for acute SLE. Low-dose systemic corticosteroids are 
beneficial in patients with mild cutaneous disease and joint involvement; moderate-dose 
corticosteroids may be warranted in patients with more aggressive skin disease, serositis, or mild 
hematologic abnormalities other than leukopenia; and high-dose corticosteroids are indicated in 
patients with nephritis, cerebritis, vasculitis, and life-threatening hematologic abnormalities. 
High-dose or intralesional corticosteroids may be indicated to treat discoid lupus until 
hydroxychloroquine therapy becomes effective. 
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Immunosuppressive Agents 


Cyclophosphamide, mycophenolate mofetil, and azathioprine have a steroid-sparing effect and 
have been shown to improve outcomes in patients with severe SLE, particularly those with renal 
involvement. In patients with lupus nephritis, combination therapy with monthly intravenous 
cyclophosphamide and high-dose corticosteroids is superior to corticosteroids alone. 


Cyclophosphamide is associated with serious toxicity; therefore, after remission of renal disease 
has been achieved and maintained for 3 to 6 months, switching from cyclophosphamide to 
mycophenolate mofetil or azathioprine should be considered. Mycophenolate mofetil is as 
effective as cyclophosphamide in inducing remission of lupus nephritis, but long-term outcomes 
of this therapy remain uncertain. 
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Systemic Lupus Erythematosus and Pregnancy 


An obstetrician with experience in high-risk pregnancy and a rheumatologist should monitor 
pregnant patients with SLE. Patients whose disease has been quiescent for at least 6 months 
before conception and who take either no medications or medications that can be continued 
during pregnancy typically have favorable pregnancy outcomes. Patients with recently or 
currently active SLE at the time of conception have an increased risk of intrauterine growth 
restriction, premature birth, and fetal loss. Disease activity, particularly renal manifestations, also 
increases the risk for preeclampsia. 


The risk of disease flare during pregnancy is increased sevenfold if the disease has been active 6 
months before pregnancy or if hydroxychloroquine has been discontinued. These features are 
risk factors for flare in patients with SLE who are not pregnant, as well, and therefore may not be 
specific to pregnancy. Patients whose disease is controlled by corticosteroids, 
hydroxychloroquine, or azathioprine should continue therapy during pregnancy. However, 
cyclophosphamide, mycophenolate mofetil, methotrexate, warfarin, angiotensin-converting 
enzyme inhibitors, and bisphosphonates should not be used during pregnancy. 


Antiphospholipid antibodies predispose patients to intrapartum and postpartum venous 
thromboembolism. These antibodies also are associated with second- and third-trimester 
pregnancy losses caused by placental thrombosis and placental insufficiency. Subcutaneous 
heparin should be instituted in patients with antiphospholipid antibody positivity and a history of 
recurrent fetal loss or thrombosis. Ideally, heparin should be initiated when patients begin trying 
to conceive. Low-dose aspirin is often used in conjunction with heparin. 


Neonatal lupus affects 1% to 2% of children of mothers with anti-Ro/SSA or anti-La/SSB 
antibodies, independent of whether these women have SLE or Sjögren syndrome. Neonatal lupus 
can cause in utero fetal heart block and postnatal rash and hematologic and hepatic 
abnormalities. 


Fetal cardiac disease usually develops at 16 to 24 weeks of gestation and can advance rapidly to 
complete heart block. Cardiac conditions associated with neonatal SLE are generally irreversible, 
but rash and hematologic and hepatic abnormalities resolve at 6 to 8 months of age after 
dissipation of maternal antibodies. Pregnant patients who have anti-Ro/SSA or anti-La/SSB 
antibodies should undergo regular fetal echocardiography starting at 16 weeks of gestation. 
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Prognosis and Follow-up 


Patients with SLE should be asked about symptoms during each office visit. A complete blood 
count, measurement of anti-double-stranded DNA antibodies and C3, and urinalysis also are 
indicated to help assess disease activity. 


During disease flares, anti-double-stranded DNA antibody titers increase and complement levels 
decrease. These fluctuations in the absence of other signs or symptoms of disease activity 
warrant closer follow-up. 


Morbidity and mortality in patients with SLE are increasingly associated with medication side 
effects (such as infection, osteoporosis, or malignancy) and long-term damage from previously 
active disease (such as chronic kidney disease or neurologic dysfunction). Appropriate 
vaccinations and screening for osteoporosis are therefore indicated for these patients. 
Angiotensin-converting enzyme inhibitor therapy also is indicated for patients with SLE with 
renal involvement. 


SLE is a risk factor for premature atherosclerosis and death from coronary artery disease. 
Atherosclerotic plaque in SLE is associated with a longer duration of disease, more end-organ 
damage, and less-aggressive treatment. Patients with SLE also are at increased risk for 
malignancy. The standardized incidence ratio for all cancers in patients with SLE 
(observed/expected) is 1.15; this ratio is 2.75 for hematologic malignancies and 3.64 for non- 
Hodgkin lymphoma. 


Therefore, management of SLE also involves aggressive treatment of hypertension, 
hyperlipidemia, and hyperglycemia; weight control; smoking cessation; and age- and sex- 
appropriate malignancy screening. 


Long-term survival in SLE depends on disease severity and access to care. The 5-year survival 
rate in patients in underserved communities is only 50%, whereas the 10-year survival rate in 
patients who receive optimal treatment and have strong social support is 90%. 
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Systemic Sclerosis 


e Pathophysiology and Epidemiology 

e Classification 

e Diagnosis 

e Clinical Manifestations and Management 
e Pregnancy and Systemic Sclerosis 


Key Points 


e The hallmarks of systemic sclerosis are microangiopathy and fibrosis of the skin and 
visceral organs. 

e Treatment in patients with systemic sclerosis is limited to management of the disease 
manifestations. 

e Systemic sclerosis sine scleroderma is characterized by visceral disease in the absence of 
cutaneous involvement. 

e Diagnosis of systemic sclerosis is established in patients with sclerodermatous skin 
changes that extend proximal to the metacarpophalangeal joints or who have two of the 
following features: sclerodactyly, digital pitting, or basilar fibrosis visible on chest 
radiography. 

e Raynaud phenomenon due to arterial vasospasm is the initial clinical manifestation in 
70% of patients with systemic sclerosis. 

e Involvement of the gastrointestinal tract is universal in patients with systemic sclerosis 
and often presents before the diagnosis of this disease. 

e Oral cyclophosphamide may improve pulmonary symptoms and lung volumes in patients 
with interstitial lung disease related to systemic sclerosis and has been shown to modestly 
improve lung function in this setting. 

e Cardiac disease in patients with systemic sclerosis may manifest as cardiomyopathy, 
pericarditis, and arrhythmias or be clinically silent. 

e Scleroderma renal crisis occurs almost exclusively in patients with early diffuse 
cutaneous disease and is characterized by the acute onset of severe hypertension, renal 
failure, and microangiopathic hemolytic anemia. 

e Morphea is a localized form of systemic sclerosis that involves only the skin without 
other systemic manifestations of systemic sclerosis. 

e Eosinophilic fasciitis is characterized by peripheral eosinophilia accompanied by woody 
induration of the skin of the extremities without Raynaud phenomenon or other features 
of systemic sclerosis. 

e Pregnancy in patients with systemic sclerosis is considered high risk and is associated 
with an increased risk of small full-term infants and premature births. 
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Pathophysiology and Epidemiology 


Systemic sclerosis is a disease of unknown cause. The hallmarks of this condition are 
microangiopathy and fibrosis of the skin and visceral organs. Common pathophysiologic 


findings in affected patients include endothelial cell dysfunction, abnormal fibroblast function, 
and autoantibody production. 


Systemic sclerosis most commonly affects women and has a peak initial presentation in the third 


to fourth decades of life. Black individuals, particularly black women, are more likely to have 
more severe disease compared with other population groups. 
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Classification 
Systemic sclerosis is classified according to the extent and pattern of skin involvement. No 


medical intervention has been shown to effectively treat systemic sclerosis, and treatment 
involves management of the disease manifestations. 
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Limited and Diffuse Cutaneous Systemic Sclerosis 


Limited cutaneous systemic sclerosis (IcSSc) is characterized by skin disease that does not 
progress proximal to the elbows or knees. A subset of this condition is the CREST (calcinosis, 
Raynaud phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia) syndrome. 
Diffuse cutaneous systemic sclerosis (dcSSc) is characterized by skin thickening that involves 
areas proximal to the elbows and/or knees. 


Both IcSSc and dcSSc can involve the face and neck. Patients with lcSSc are more likely to 
develop pulmonary hypertension in the absence of other pulmonary manifestations. Patients with 
dcSSc are more likely to develop interstitial lung disease (ILD) and/or renal disease. 
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Systemic Sclerosis Sine Scleroderma 


Systemic sclerosis sine scleroderma is characterized by visceral disease in the absence of 
cutaneous involvement. Internal organ involvement in this condition parallels that in lcSSc or 
dcSSc, and laboratory findings and survival rates are similar to those in IcSSc. 
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Diagnosis 


Diagnosis of systemic sclerosis is established in patients with sclerodermatous skin changes 
(tightness, thickening, and nonpitting induration) that have sclerodactyly and skin disease that 
extends proximal to the metacarpophalangeal joints. In the absence of these findings, diagnosis 
of systemic sclerosis may be established in patients with two of the following features: 
sclerodactyly (sclerodermatous skin changes limited to the fingers and toes), digital pitting (soft- 
tissue defects and scarring in the pulp space of the distal phalanges), or basilar fibrosis visible on 
chest radiography (Figure 23 and Figure 24). 


Antinuclear antibodies are present in more than 95% of patients with systemic sclerosis. A 
nucleolar pattern of staining is common in patients with either type of systemic sclerosis, 
whereas anticentromere antibody positivity is associated with IcSSc. Patients who have 
anticentromere antibodies appear to have a lower incidence of ILD. Anti-topoisomerase I (anti— 
Scl-70) antibody positivity suggests an increased risk for developing ILD and dcSSc. Serologic 
markers of disease activity in systemic sclerosis have not yet been identified. 


Figure 23. Sclerodactyly. 


Sclerodactyly (skin thickening over the fingers) extending proximal to the metacarpophalangeal 
joints in a patient with systemic sclerosis. 


Figure 24. Digital pitting. 


Digital pitting (soft-tissue defects and scarring in the pulp space of the distal phalanges) in a 
patient with systemic sclerosis. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Clinical Manifestations and Management 
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Cutaneous Involvement 


Initial cutaneous changes in patients with lcSSc and dcSSc usually reflect an inflammatory 
response in the dermis that manifests as puffiness or swelling in the hands and fingers. Hypo- or 
hyperpigmentation is another manifestation of this inflammatory reaction, and pruritus also may 
develop. 


Later in the disease course, induration of the skin typically develops over the fingers and 
progresses proximally. Telangiectasia and subcutaneous calcinosis occur in patients with dcSSc 
but are more common findings in patients with IcSSc. Calcinosis usually develops over pressure 
points such as the fingertips, elbows, buttocks, and knees (Figure 25). 


Skin changes generally progress during the first 2 years of the course of systemic sclerosis; 
during this time, IcSSc may evolve into dcSSc. After this initial period of worsening skin 
disease, the skin in patients with systemic sclerosis may soften; this development heralds the 
atrophic phase of cutaneous disease. 


No agent has yet been shown to be effective in the treatment of skin thickening in systemic 
sclerosis. However, a study of the efficacy of cyclophosphamide in the treatment of patients with 
systemic sclerosis—associated lung disease showed that this agent somewhat alleviated skin 
thickening in this setting compared with placebo. 


Figure 25. Calcinosis. 


Radiograph showing calcinosis, which commonly develops in patients with limited cutaneous 
systemic sclerosis but also may occur in those with diffuse cutaneous disease. 
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Vascular Involvement 


Raynaud phenomenon due to arterial vasospasm is the initial clinical manifestation in 70% of 
patients with systemic sclerosis and eventually occurs in more than 95% of these patients. 
Episodes of Raynaud phenomenon are usually triggered by cold exposure and involve the 
extremities but may affect nearly any artery or arteriole. Sequelae of Raynaud phenomenon in 
patients with systemic sclerosis include digital pitting, ulceration, and gangrene (Figure 26). 


Microvascular involvement in systemic sclerosis also manifests as intimal proliferation with 
progressive luminal obliteration. Similar abnormalities may affect the larger arteries, causing 
conditions such as arterial occlusions and erectile dysfunction. Therefore, patients with systemic 
sclerosis experience both an anatomic vascular narrowing as well as superimposed vasospasm. 


Management of Raynaud phenomenon includes the use of vasodilators such as dihydropyridine 
calcium channel blockers, a )-antagonists, and topical nitrates. Antiplatelet agents such as aspirin 
and dipyridamole also are frequently used, and sildenafil has been shown to be effective in this 
setting. In patients with refractory Raynaud phenomenon, surgical revascularization, sympathetic 
nerve blockade or sympathectomy, prostacyclin analogues, or endothelin antagonists may be 
warranted. 


Figure 26. Raynaud phenomenon. 
Raynaud phenomenon associated with color change (left panel) and ulceration (right panel). 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Musculoskeletal Involvement 


Myalgia and arthralgia are common in patients with systemic sclerosis but usually are not 
associated with an underlying inflammatory arthritis or myopathy. Extensive fibrotic changes in 
the overlying skin may cause joint flexion contractures. Tendon friction rubs also may be present 
and are usually palpable over the wrists, elbows, knees, and ankles. The presence of tendon 
friction rubs predicts the development of aggressive diffuse skin involvement and an increased 
risk of internal organ involvement. 


Patients with systemic sclerosis also may develop an inflammatory, typically nonerosive 
arthritis. This condition is similar to rheumatoid arthritis and is managed using similar 
interventions. 


Collagen deposition in the muscle in patients with systemic sclerosis may cause a 
noninflammatory myopathy. This myopathy is associated with only minimal elevations in 
muscle enzyme levels and typically requires no intervention. An overlap syndrome with 
polymyositis also may occur and manifests as proximal muscle weakness accompanied by 
elevated muscle enzyme levels. Treatment of inflammatory myopathy associated with systemic 
sclerosis is similar to that of polymyositis. 
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Gastrointestinal Involvement 


Involvement of the gastrointestinal tract is universal in systemic sclerosis and may affect the 
entire alimentary canal. Gastrointestinal manifestations in systemic sclerosis often present before 
the diagnosis of this condition is established and are the same in both IcSSc and dcSSc. 


The esophagus is the second most commonly affected organ, after the skin, in patients with 
systemic sclerosis. Esophageal dysfunction is the most common gastrointestinal manifestation in 
this setting and affects at least 80% of patients with this condition. Smooth muscle dysfunction in 
the distal esophagus results in dysphagia, whereas decreased lower esophageal sphincter pressure 
causes gastroesophageal reflux. 


Potential complications of esophageal disease in patients with systemic sclerosis include 
esophagitis, esophageal stricture, Barrett esophagus, and aspiration pneumonitis. Management of 
these conditions includes the use of prokinetic agents such as metoclopramide, erythromycin, 
and octreotide. In addition, gastric acid suppression with proton pump inhibitors is indicated for 
nearly all patients with systemic sclerosis. Patients with systemic sclerosis also have an increased 
risk for the development of Barrett esophagus, and screening for this condition is appropriate. 


Systemic sclerosis also may cause thickening of the perioral skin. This abnormality results in a 
narrowed oral aperture, which may compromise the ability of affected patients to eat and drink. 


Mucosal telangiectasias may be present throughout the gastrointestinal tract. In the stomach, 
telangiectasias may result in gastric antral vascular ectasia (watermelon stomach) and may cause 
significant blood loss (Figure 27). Endoscopic laser coagulation and obliteration of these 
vascular ectasias may reduce the risk of gastrointestinal bleeding. 


Small- and large-bowel involvement in patients with systemic sclerosis may cause intestinal 
pseudo-obstruction, defined as a functional ileus that manifests as symptoms of bowel 
obstruction. Management of intestinal pseudo-obstruction is conservative and includes 
decompression and bowel rest; surgical intervention is not indicated. 


Bacterial overgrowth due to dysfunctional motility may cause chronic diarrhea, alternating 
diarrhea and constipation, and/or malabsorption. Manifestations of bacterial overgrowth include 
bloating, abdominal pain, and steatorrhea. Extended courses of antibiotics are useful in patients 
with this condition; this therapy often involves rotating among different classes of antibiotics, 
with the course of each agent lasting several months. 


Wide-mouthed colonic diverticula develop along the antimesenteric border of the colon but are 
rarely clinically significant. LcSSc also is associated with the development of biliary cirrhosis. 


Figure 27. Gastric antral vascular ectasia. 


Endoscopic view of gastric antral vascular ectasia. This condition is known as watermelon 
stomach because the telangiectasias in the antrum resemble watermelon stripes. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Pulmonary Involvement 


Lung disease is the primary cause of morbidity and mortality in patients with systemic sclerosis. 
The principal clinical manifestations of lung disease in this setting include ILD and/or 
pulmonary arterial hypertension (PAH). Other manifestations of lung involvement in systemic 
sclerosis include recurrent aspiration, cryptogenic organizing pneumonia, recurrent aspiration, 
and hemorrhage due to endobronchial telangiectasia. Patients with systemic sclerosis also have 
an increased risk of developing carcinoma of the lung. However, the principal clinical 
manifestations of lung disease in this setting include ILD and PAH. 
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Interstitial Lung Disease 


ILD occurs most often in patients with dcSSc but also may affect those with IcSSc. This 
condition is more likely to develop in patients with anti-topoisomerase I (anti—Scl-70) antibody 
positivity compared with the general population. 


Patients with systemic sclerosis and ILD have a restrictive pattern with a decreased FVC and 
DLCO on pulmonary function testing. A DLCO less than 40% is associated with a 5-year survival 
rate of 9%, whereas a DLCO greater than 40% is associated with a 5-year survival rate of more 
than 75%. 


ILD associated with systemic sclerosis usually manifests as dyspnea, dry cough, and decreased 
exercise tolerance. Fine bibasilar crackles that extend into late inspiration are heard on physical 
examination. High-resolution CT is more sensitive than chest radiography for ILD and reveals 
ground-glass and reticular linear opacities, subpleural cysts, and honeycombing in patients with 
advanced disease. 


Oral cyclophosphamide may improve pulmonary symptoms and lung volumes in patients with 
ILD related to systemic sclerosis and has been shown to modestly improve lung function in this 
setting. 


PreviousNext 


Pulmonary Arterial Hypertension 


Pulmonary vascular disease may manifest as isolated PAH or as a complication of vascular 
obliteration in patients with ILD. Vascular intimal fibrosis, not vasculitis, causes PAH in patients 
with systemic sclerosis. Patients with lcSSc have the greatest risk for developing PAH not 
associated with interstitial lung disease, whereas patients with dcSSc most often develop 
secondary PAH. 


Patients with PAH may present with fatigue, decreased exercise tolerance, dyspnea, or syncope. 
Physical examination findings include an increased P, and a persistently split S2. Chest 


radiographs are usually normal but may reveal enlarged or prominent pulmonary arteries. A 
decrease in DLCO in the setting of normal or corrected lung volumes that is not associated with 
ILD is consistent with PAH. Echocardiography may show elevated right ventricular systolic 
pressures, but the gold standard for determining pulmonary artery pressure is direct measurement 
by right heart catheterization. Some experts recommend echocardiographic examination of all 
patients with systemic sclerosis at baseline and yearly intervals thereafter, with additional 
monitoring of pulmonary function tests and dyspnea. Clinical suspicion of PAH should prompt 
further assessment by right heart catheterization. 


Treatment for isolated PAH includes anticoagulation with warfarin; vasodilation; and, if needed, 
oxygen. Vasodilating agents approved for the treatment of PAH include sildenafil; the endothelin 
antagonists bosentan and ambrisentan; and prostacyclin analogues such as epoprostenol, iloprost, 
and treprostinil, and these agents have been shown to effectively relieve symptoms of PAH 
associated with systemic sclerosis. 
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Cardiac Involvement 


Up to 50% of patients with systemic sclerosis have cardiac involvement. Cardiac disease in 
patients with systemic sclerosis may manifest as cardiomyopathy, pericarditis, and arrhythmias 
or be clinically silent. Symptomatic cardiac involvement in systemic sclerosis portends a poor 
prognosis and is associated with a 2-year mortality rate of 60%. 


Patients with systemic sclerosis may develop myocardial fibrosis and pathologic contraction 
band necrosis, and these conditions may cause systolic or diastolic dysfunction as well as 
arrhythmias. Echocardiography in patients with systemic sclerosis commonly reveals effusions 
but rarely shows cardiac tamponade. Autopsy results in patients with systemic sclerosis 
frequently reveal pericardial disease. 
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Renal Involvement 


Scleroderma renal crisis (SRC) occurs almost exclusively in patients with early dcSSc. This 
condition is characterized by the acute onset of severe hypertension, renal failure, and 
microangiopathic hemolytic anemia. The presence of a pericardial effusion is associated with an 
increased risk of SRC. Use of corticosteroid therapy in the management of inflammatory disease 
manifestations such as myopathy is classically associated with normotensive renal failure and is 
also a risk factor for SRC. 


SRC is a medical emergency, and patients in whom this diagnosis is established should be 
admitted to the hospital immediately for aggressive blood pressure control. Before the advent of 


angiotensin-converting enzyme (ACE) inhibitors, end-stage renal disease and associated 
increased mortality were the universal outcomes in patients with SRC. ACE inhibitor therapy is 
currently considered the cornerstone of therapy for this condition. Aggressive dosage titration of 
ACE inhibitors is indicated at the onset of SRC. Therapy with these agents should continue even 
in patients with significant renal insufficiency, because renal function has been shown to 
improve even after months of dialysis. 
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Scleroderma Spectrum Disorders 


Morphea involves only the skin in the absence of other systemic manifestations of systemic 
sclerosis. Eosinophilic fasciitis is characterized by peripheral eosinophilia accompanied by 
woody induration of the skin that involves the extremities but usually spares the hands and face. 
Patients with eosinophilic fasciitis do not have Raynaud phenomenon or other features of 
systemic sclerosis (Table 12). Corticosteroid therapy usually is effective in patients with this 
condition. 


Table 12. Differential Diagnosis of Fibrosing Skin Disorders 


Condition Characteristic Pathologic Systemic Involvement 
Clinical Features Findings 
Systemic sclerosis Sclerodactyly and Dermal fibrosis | Raynaud phenomenon; pulmonary, 
more extensive skin gastrointestinal, renal, cardiac, 
involvement musculoskeletal systems 
Localized Skin plaque Dermal fibrosis None 
scleroderma thickening (identical to 
features of 
systemic 
sclerosis) 
Eosinophilic Woody induration of Inflammation and None 
fasciitis arms/legs; spares fibrosis of fascia 
hands and face (plasma cells and 
lymphocytes) 
Buschke Affects shoulder Excess large Diabetes mellitus; association with 
scleredema girdle, neck, upper collagen fibers; monoclonal gammopathy 
arms ground substance 
Scleromyxedema Affects face, upper Mucin Association with monoclonal 
trunk, arms; papular deposition; gammopathy/paraproteinemia; 
and nodular lesions stellate neurologic, gastrointestinal, cardiac 
fibroblasts systems 
Nephrogenic Brawny Disorganized Renal insufficiency/failure 


systemic fibrosis" hyperpigmentation, collagen bundles, 


papular lesions; spares increased clefts, 
fingers increased spindle 
cells 


“This condition has been associated with use of gadolinium-containing contrast agents. 
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Pregnancy and Systemic Sclerosis 


Systemic sclerosis does not affect fertility and most likely does not increase the rate of 
miscarriage. In addition, no good evidence exists to suggest that pregnancy exacerbates systemic 
sclerosis. However, pregnancy in patients with systemic sclerosis is considered high risk and is 
associated with an increased risk of small full-term infants and premature births. 


SRC poses the greatest risk in pregnant patients with systemic sclerosis. The therapy indicated 
for this condition, ACE inhibitors, is associated with an increased risk to the fetus. However, the 
mortality rate of untreated SRC is high enough to warrant the use of these agents in pregnant 
patients despite the risk to the fetus. 
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Sjögren Syndrome 


Pathology and Epidemiology 
Clinical Manifestations 


e Diagnosis 
e Treatment 


Key Points 


e Sjögren syndrome commonly presents secondary to rheumatoid arthritis, systemic lupus 
erythematosus, systemic sclerosis, and inflammatory myopathy. 

e Sjögren syndrome is characterized by xerophthalmia and xerostomia. 

e Patients with Sjögren syndrome have an increased risk for developing lymphoma. 

e The presence of xerophthalmia and xerostomia accompanied by anti-Ro/SSA and anti- 
La/SSB antibody positivity and abnormal findings on the Schirmer test or rose bengal 
staining have 94% sensitivity and specificity for primary Sjögren syndrome. 

e Diligent attention to dental care is important in patients with Sjögren syndrome to prevent 
dental caries and the need for dental extractions. 
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Pathology and Epidemiology 


Sjögren syndrome is a slowly progressive autoimmune inflammatory disorder associated with 
lymphoproliferation and mononuclear cell infiltration of the exocrine glands. This condition has 
a 9:1 female predominance and usually affects patients in midlife. 


Sjögren syndrome may occur as a primary disorder but commonly presents secondary to another 
autoimmune disease. This condition most often develops in association with rheumatoid arthritis 
and systemic lupus erythematosus but also occurs in patients with systemic sclerosis and 
inflammatory myopathy. 
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Clinical Manifestations 


Sjögren syndrome is characterized by keratoconjunctivitis sicca, which causes xerophthalmia 
(dry eyes), and xerostomia (dry mouth). In affected patients, the absence of oral mucosal 
moisture often causes difficulty with mastication and swallowing and increases the risk for 
dental caries and periodontal disease; patients with xerophthalmia are at increased risk for 
corneal lesions. Vaginal dryness and parotid gland enlargement are frequently present, and 
fatigue and arthralgia are common. Some patients with Sjögren syndrome also may develop an 
inflammatory polyarthritis. 


Additional systemic features of Sjögren syndrome include cutaneous vasculitis, peripheral 
neuropathy, vasculitis that may be associated with mononeuritis multiplex, and interstitial 
nephritis with associated distal renal tubular acidosis. Pulmonary involvement may develop in 


patients with Sjögren syndrome and most commonly manifests with interstitial lung disease; 
however, bronchial and bronchiolar disease also may occur. 


Because Sjögren syndrome is associated with B-cell clonal expansion, affected patients have an 
increased risk for developing lymphoma. Lymphoma is particularly likely to develop in patients 
with primary Sjögren syndrome, who reportedly have up to a 44-fold increased incidence of this 
condition. 
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Diagnosis 


A full physical examination is required to document oral, ocular, and extraglandular 
manifestations of Sjogren syndrome. Autoantibody formation occurs in primary Sjögren 
syndrome. Approximately 50% of patients with this syndrome are antinuclear antibody positive. 
Extractable nuclear antigens are frequently present; 60% to 75% of patients with primary 
Sjögren syndrome are anti-Ro/SSA antibody positive, and approximately 40% of these patients 
are anti-La/SSB antibody positive. A total of 60% to 80% of patients with this condition are 
rheumatoid factor positive. 


Abnormal findings on the Schirmer test, which measures moisture under the lower eyelids, are 
consistent with Sjogren syndrome. Referral to an ophthalmologist for rose bengal staining also 
may be warranted. In this study, visualization of small conjunctival and corneal punctate lesions 
caused by microtrauma associated with ocular dryness suggests a diagnosis of Sjögren 
syndrome. 


The presence of xerophthalmia and xerostomia accompanied by anti-Ro/SSA and anti-La/SSB 
antibody positivity and abnormal findings on the Schirmer test or rose bengal staining have 94% 


sensitivity and specificity for primary Sjogren syndrome. 


Pathologic diagnosis of this condition can be confirmed if biopsy specimens of a labial salivary 
gland reveal focal lymphocytic infiltration. 


In addition to Sjögren syndrome, the differential diagnosis of parotid gland enlargement includes 


bacterial, mycobacterial, fungal, or viral infection; lymphoma; sarcoidosis; amyloidosis; alcohol 
abuse; bulimia; and HIV infection. 
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Treatment 


Treatment of Sjögren syndrome is largely symptomatic. NSAIDs or hydroxychloroquine is 
helpful for arthralgia; hydroxychloroquine also helps fatigue. Oral pilocarpine and cevimeline 


can be useful for xerophthalmia and are even more effective in xerostomia. Frequent use of 
artificial tear eye drops also can relieve symptoms of xerophthalmia, whereas cyclosporine eye 
drops may benefit patients with continued ocular symptoms. Systemic corticosteroid therapy or 
other immunosuppressants may be warranted in patients with severe extraglandular 
manifestations of Sjogren syndrome. Diligent attention to dental care is important to prevent 
dental caries and the need for dental extractions. 
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Mixed Connective Tissue Disease 


Mixed connective tissue disease (MCTD) is characterized by features of systemic sclerosis, 
myositis, rheumatoid arthritis, and systemic lupus erythematosus and is by definition associated 
with high titers of antiribonucleoprotein antibodies. The condition has a 9:1 female 
predominance. 


Key Points 


e Mixed connective tissue disease is characterized by features of systemic sclerosis, 
myositis, and systemic lupus erythematosus accompanied by antiribonucleoprotein 
antibody positivity. 

e Mixed connective tissue disease typically manifests with arthralgia or arthritis, Raynaud 
phenomenon, serositis, and an inflammatory muscle disease. 

e Treatment of patients with mixed connective tissue disease involves managing the 
individual disease manifestations. 
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Clinical Manifestations and Diagnosis 


A total of 95% of patients with MCTD have arthralgia or arthritis, and arthritis in this setting can 
be erosive. Raynaud phenomenon is present in 85% of affected patients. Serositis and an 
inflammatory muscle disease that typically has a milder presentation than polymyositis are 


present in 60% of patients with MCTD, and 50% of patients with this condition have mild 
Sjögren syndrome. 


Some patients with MCTD have sclerodactyly or edema of the hands. MCTD also may be 
associated with pulmonary hypertension, pulmonary fibrosis, trigeminal neuralgia, or esophageal 
dysmotility. Scleroderma renal crisis is uncommon but may develop in this setting, and 
proliferative glomerulonephritis and serious central nervous system disease are rarely present. 


Diagnosis of MCTD is established in patients with a compatible clinical presentation who have 
high titers of antiribonucleoprotein antibodies. Various diagnostic criteria exist for this condition, 
but diagnosis generally requires high titers of antiribonucleoprotein antibodies accompanied by 
three of the following features: Raynaud phenomenon, synovitis, swollen hands, and myositis. 
Whether antiribonucleoprotein antibodies are pathogenic remains uncertain. Diagnosis of MCTD 
is established in patients with features of connective tissue diseases who do not meet criteria for 
a specific disease. 
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Treatment and Prognosis 


Treatment in patients with MCTD involves managing the individual disease manifestations. 
Corticosteroids and other immunosuppressive agents are used in patients with myositis, whereas 
NSAIDs, antimalarial agents, or more potent agents such as azathioprine, methotrexate, or 
mycophenolate mofetil are indicated for those with arthritis. Vasodilatory agents are beneficial in 
patients with pulmonary arterial hypertension, and angiotensin-converting enzyme inhibitors 
help to treat renovascular disease. 


Prognosis in MCTD is generally good except in the presence of pulmonary arterial hypertension. 
Bibliography 
e Venables PJ. Mixed connective tissue disease. Lupus. 2006;15(3):132-137. [PMID: 
16634365]. See PubMed 
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Crystal-Induced Arthropathies 


e Gout 
e Calcium Pyrophosphate Dihydrate Deposition Disease 


e Basic Calcium Phosphate Deposition Disease 


Key Points 


Maximal-dose NSAID therapy is highly effective during an acute attack of gout. 
Colchicine is most effective in patients with monoarticular involvement and when used 
within the first 24 hours of symptoms of gout and can abort the development of a severe 
attack. 

Criteria for initiating treatment of hyperuricemia in patients with symptomatic gout 
include the presence of tophi and renal stones and a history of at least two documented 
gouty attacks. 

The goal of uric acid—lowering therapy in gout is to achieve a serum uric acid level less 
than 6.0 mg/dL (0.35 mmol/L). 

Allopurinol is the agent of choice for patients with overproduction of uric acid, renal 
insufficiency, nephrolithiasis, tophi, or intolerance to uricosuric therapy. 

Calcium pyrophosphate dihydrate deposition disease is usually asymptomatic but may 
manifest as pseudogout; pseudo-osteoarthritis; or, rarely, pseudorheumatoid arthritis or 
pseudoneuropathic joint disease. 

Calcium pyrophosphate dihydrate deposition disease is diagnosed by the identification of 
weakly positive birefringent calcium pyrophosphate dihydrate crystals on synovial fluid 
analysis. 

NSAIDs are the primary therapy for chronic calcium pyrophosphate dihydrate deposition 
disease, but maintenance therapy with colchicine is effective in some patients. 

Basic calcium phosphate crystals are most commonly associated with Milwaukee 
shoulder, which manifests as chronic shoulder pain and a large noninflammatory 
effusion. 
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Gout 


Gout (monosodium urate deposition disease) refers to the group of clinical disorders associated 
with hyperuricemia (Table 13). 


Table 13. Disorders Associated with Hyperuricemia 


Condition Clinical Presentation Cause 


Gouty arthritis Inflammatory erosive arthritis Inflammatory response to monosodium urate 


Tophi 


crystals deposited into synovial tissues, 
bursae, and tendon sheaths due to chronic 
supersaturation of sera. These deposits 
produce joint and tissue destruction over time. 


Painless, persistent, generally Chronic deposition of monosodium urate 
noninflammatory nodules that crystals into synovial tissues, bursae, and 
develop in tissues and tendons tendon sheaths due to chronic supersaturation 
that are palpable on physical of sera. Tophi develop concomitantly with 
examination but also may occur progressive gouty arthritis. Although typically 
as nodular lesions within joints or noninflammatory, acute inflammation 


tissues reactions and local damage can occur at these 
sites analogous to the acute gouty flares in the 


joints. 
Nephrolithiasis Formation of uric acid and Increase in uric acid concentrations in the 
calcium oxalate renal stones urinary collecting system serves as a nidus for 
both uric acid and calcium oxalate stone 
formation 


Nephropathy Loss of renal function secondary Deposition of monosodium urate crystals in 
to severe, typically acute the renal interstitium 
increases in serum uric acid 
levels, such as occur in patients 
with tumor lysis syndrome 
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Pathophysiology and Epidemiology 


Uric acid is the end product of purine metabolism and is present in the serum and tissues in the 
form of monosodium urate. In patients with serum uric acid levels higher than 6.7 mg/dL (0.40 
mmol/L), monosodium urate supersaturates the serum and precipitates into tissues. With 
prolonged tissue deposition, gouty arthropathy and tophi develop. 


Most patients with elevated levels of uric acid do not experience clinical disease. An acute gouty 
attack occurs when monosodium urate crystals are released or form de novo in the joint space. 
Trauma, surgery, or the initiation of medications such as allopurinol or uricosuric or diuretic 
agents can abruptly alter uric acid levels and incite an attack of gout. 


Transplant recipients who take cyclosporine have a significantly increased incidence of both 
hyperuricemia and gout. Patients with gout who are younger than 25 years and have normal renal 
function typically are genetically predisposed to gout because of an enzymatic defect in uric acid 
metabolism. 
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Screening and Prevention 


Screening measurement of uric acid levels or treatment of asymptomatic hyperuricemia is not 
indicated in patients without clinical evidence of gout; few patients with hyperuricemia develop 
gout, and potential reactions to medications may outweigh benefits in asymptomatic individuals. 
Prophylactic use of uric acid—lowering agents is only indicated when a patient’s renal function is 
compromised. 
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Clinical Manifestations 


Gout manifests as acute intermittent attacks of joint and tenosynovial inflammation characterized 
by redness, swelling, and intense pain with accompanying fever and chills. Attacks often begin 
during the night and peak within the first 12 hours from disease onset. 


Early attacks of gout are typically monoarticular and involve joints in the lower extremities. Half 
of initial episodes manifest as gouty involvement of the first metatarsophalangeal joint (Figure 
28). 


Acute attacks of gout, which vary in intensity and duration, typically last 5 to 7 days, but a 
severe attack may last up to 2 weeks. Gouty attacks are self-limited and eventually resolve 
spontaneously. Early attacks are followed by asymptomatic periods that can last for years. Over 
time, these attacks become more frequent and increasingly polyarticular and begin to involve 
joints in the upper extremities (Figure 29). 


Chronic tophaceous gout is characterized by the deposition of urate crystals into the connective 
tissue either as soft-tissue nodules that are clinically apparent or as masses or erosive deposits 
detectable on radiography. Tophi may be asymptomatic or become acutely or chronically 
inflamed. They commonly develop at the pressure areas of the forearms and at joints and bursae, 
particularly the olecranon. 


Chronic tophaceous gout may manifest as a chronic polyarticular deforming arthritis that 
particularly involves the hands, especially in affected women (Figure 30). This condition may be 
difficult to differentiate in clinical appearance from rheumatoid arthritis. 


Figure 28. Podagra. 


This patient has podagra, or acute pain in the great toe caused by an attack of gout. As the attack 
subsides, the superficial skin of the involved toe may peel. 


Reprinted with permission from Clinical Slide Collection on the Rheumatic Diseases. Atlanta: 
American College of Rheumatology. Copyright 1972-2004 American College of Rheumatology. 
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Figure 29. Common sites of gout involvement in patients 
with advanced disease. 


MTP = metatarsophalangeal. 


Figure 30. Polyarticular chronic tophaceous gout. 


Joint and nodular changes of the hands in a patient with long-standing tophaceous gout. 
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Diagnosis and Evaluation 


Distinguishing an acute attack of gout from septic arthritis or cellulitis can be difficult. Definitive 
diagnosis of gout requires the identification of monosodium urate crystals on arthrocentesis or 
aspiration of a tophus, although a presumptive diagnosis can be made based on a patient’s 
clinical course and presentation (Table 14). An elevated serum uric acid level is not diagnostic 
of gout, and a normal or low serum uric acid level does not exclude gout. 


During an attack of gout, needle-shaped monosodium urate crystals that typically appear 
engulfed by the neutrophils are visible on compensated polarized light microscopy (Figure 31). 
The synovial fluid leukocyte count can increase to 15,000/uL or higher with a predominance of 
neutrophils. Leukocyte counts higher than 50,000/uL should raise suspicion for a concurrent 
bacterial joint infection even when monosodium urate crystals have been identified. Until culture 
results exclude infection, empiric antibiotic therapy is indicated in this setting. Monosodium 
urate crystals also may be visible on joint aspiration when an acute flare is not occurring. 


Determining whether a patient with hyperuricemia is an underexcretor or overproducer of uric 
acid is usually not necessary and rarely affects treatment. Patients who both under- and 
overexcrete urine uric acid respond to allopurinol. However, when uricosuric therapy is being 
considered, for example, in patients who are intolerant of allopurinol, verification that the patient 
does not have a history of nephrolithiasis and is a urine uric acid underexcretor is necessary. 


Radiographs of patients with chronic advanced gout typically reveal asymmetric erosions with 
overhanging edges. 


Figure 31. Monosodium urate crystals. 


Compensated polarized light microscopy of monosodium urate monohydrate crystals 
phagocytosed by a polymorphonuclear leukocyte in the synovial fluid during an acute attack of 
gout. 


Reprinted with permission from Clinical Slide Collection on the Rheumatic Diseases. Atlanta: 
American College of Rheumatology. Copyright 1972-2004 American College of Rheumatology. 


Table 14. American College of Rheumatology Criteria for 
the Classification of Acute Arthritis of Primary Gout 


The presence of characteristic urate crystals in the joint fluid, OR 
A tophus proved to contain urate crystals by chemical means or polarized light microscopy, OR 


The presence of 6 of the following clinical, laboratory, and radiographic findings, even in the 
absence of crystal identification: 


More than one attack of acute arthritis 

Maximum inflammation developed within 1 day 

Monoarthritis attack 

Redness observed over joints 

First metatarsophalangeal joint painful or swollen 

Unilateral first metatarsophalangeal joint attack 

Unilateral tarsal joint attack 

Tophus (suspected) 

Hyperuricemia 

Asymmetric swelling within a joint visible on physical examination or radiography 
Subcortical cysts without erosions visible on radiography 

Monosodium urate monohydrate microcrystals in joint fluid during attack 
Joint fluid culture negative for organisms during attack 


Modified from Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yü TF. Preliminary 
criteria for the classification of the acute arthritis of primary gout. Arthritis Rheum. 


1977;20(3):895-900. [PMID: 856219] Copyright 1977 American College of Rheumatology. 
Modified with permission from John Wiley & Sons, Inc. 
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Treatment 


e Gouty Arthritis 
e Hyperuricemia 
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Gouty Arthritis 


NSAIDs, corticosteroids, and colchicine are options in the treatment of an acute attack of gout. 
NSAIDs (including selective cyclooxygenase-2 inhibitors) are highly effective when 
administered during an acute attack, but they should be used with caution in patients at risk for 
renal impairment, bleeding, or ulcer disorders, especially in the elderly. 


Oral, intra-articular, or intravenous corticosteroid therapy is also effective in acute gouty attacks. 
However, oral therapy generally requires doses in the range of 40 mg/d or greater, which may be 
problematic in patients with diabetes mellitus. The dose can be tapered when the attack has 
improved. Once infection has been excluded, intra-articular injections of corticosteroids also can 
be beneficial. 


Colchicine is most effective in patients with monoarticular involvement and when used within 
the first 24 hours of symptoms and can abort a severe attack. At the first sign of an attack in 
patients with normal renal function, this agent is usually administered twice or three times daily 
until the patient experiences symptomatic relief, develops gastrointestinal toxicity, or reaches a 
maximum dose of 6 mg per attack. Colchicine also should be used at a reduced dosage in 
patients with renal impairment. Intravenous colchicine is associated with potential bone marrow 
and neuromuscular toxicity and should therefore generally be avoided. 
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Hyperuricemia 


Dietary purine restriction, weight loss, and discontinuation of alcohol may help to decrease uric 
acid levels in patients with mild hyperuricemia and symptomatic gout. Medications that raise 
serum uric acid levels, such as thiazide diuretics and low-dose salicylates, should be 
discontinued if alternative therapy is appropriate. However, most patients with recurrent gouty 
attacks, particularly those with tophaceous deposits, require pharmacologic therapy to lower 
serum levels of uric acid. 


Criteria for initiating treatment of hyperuricemia in patients with symptomatic gout include the 
presence of tophi or renal stones or a history of a decreasing period between attacks. Uric acid— 
lowering therapy typically is not initiated until a patient experiences two documented acute 
attacks. 


Rapid control of serum uric acid levels generally is not necessary during an acute attack, and 
acute increases and decreases in the uric acid level alter the steady state and may prolong the 
current attack or precipitate new attacks. Discontinuing chronic therapy also alters serum uric 
acid levels and may precipitate attacks. Therefore, discontinuation of chronic therapy during an 
acute attack is not necessary and may actually worsen symptoms. 


The goal in uric acid—lowering therapy is to achieve a serum uric acid level less than 6.0 mg/dL 
(0.35 mmol/L), not just levels within the normal range. When the uric acid levels are below 6.0 
mg/dL (0.35 mmol/L), monosodium urate crystals from within the joint and from soft-tissue 
tophaceous deposits are reabsorbed. Suppression therefore eventually leads to alleviation of the 
arthritis. 


Allopurinol is the agent of choice for patients with overproduction of uric acid, renal 
insufficiency, nephrolithiasis, tophi, or intolerance to uricosuric therapy. Because allopurinol is 
primarily cleared by the kidney, initial doses must be adjusted downward for patients with renal 
impairment. Patients with renal insufficiency, especially those with concomitant use of 
hydrochlorothiazide, who are treated with allopurinol have an increased risk for a rare but 
potentially fatal hypersensitivity syndrome characterized by severe dermatitis, fever, 
eosinophilia, hepatic necrosis, and acute nephritis; in addition to discontinuation of allopurinol, 
therapy is primarily supportive. 


Expert consultation is indicated before initiating allopurinol therapy in patients who use 
azathioprine, such as transplant recipients, because serious potential drug interactions may occur. 
To permit treatment with allopurinol in this setting, a switch from azathioprine to mycophenolate 
mofetil may be warranted. 


The uricosuric agents probenecid and sulfinpyrazone are relatively contraindicated in patients 
with impaired renal function or those at risk for renal stones. Newer uric acid—lowering agents 
such as pegylated uricase are under investigation and show promise for the treatment of 
refractory gout. 


Prophylactic colchicine, low-dose corticosteroids (10 mg/d or less), or NSAIDs initiated at least 
1 week before beginning or adjusting the dose of uric acid—lowering therapy help to prevent 
disease flares associated with changes in uric acid levels and may need to be continued until 
therapeutic serum uric acid levels have been achieved. Prolonged use of these agents may be 
indicated in patients with chronic tophaceous gout until the disease is controlled. 
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Calcium Pyrophosphate Dihydrate Deposition Disease 


e Pathophysiology and Epidemiology 
e Clinical Manifestations 

e Diagnosis 

e Treatment 
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Pathophysiology and Epidemiology 


Alterations of inorganic pyrophosphate metabolism within the cartilage matrix and abnormalities 
in calcium metabolism predominantly favor the formation of calcium pyrophosphate dihydrate 
(CPPD) crystals. These crystals develop within the cartilage and may provoke an acute 
inflammatory response. The presence of CPPD crystals also stimulates mediators of cartilage 
degradation. 


The prevalence of CPPD deposition disease increases with age, as does chondrocalcinosis 
(calcification within the joint cartilage secondary to CPPD deposition). Neither of these 
conditions, however, is considered a normal consequence of the aging process. 
Hypophosphatasia, hypomagnesemia, hypothyroidism, hemochromatosis, and 
hyperparathyroidism may be associated with CPPD deposition disease. 
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Clinical Manifestations 


Many patients with CPPD deposition disease are asymptomatic. Symptom presentation is highly 
variable, including pseudogout, pseudo-osteoarthritis, pseudorheumatoid arthritis, and 
pseudoneuropathic joint disease. CPPD deposition disease is commonly known as pseudogout 
because acute mono- or pauciarticular inflammatory joint attacks of this condition mimic acute 
attacks of gout. Pseudogout attacks may be precipitated by surgery or illness. Pseudo- 
osteoarthritis, which is a more common presentation than pseudogout, mimics osteoarthritis but 
involves the wrists, metacarpophalangeal joints, shoulders, ankles, hips, and knees. Pseudo- 
rheumatoid arthritis is a rare presentation of CPPD deposition disease that manifests as a 
symmetric polyarticular disease accompanied by the morning stiffness, fatigue, and swelling. 
Pseudoneuropathic joint disease, named for its resemblance to neuropathic arthropathy, is also 
rare and manifests as severely destructive monoarticular arthritis that develops in neurologically 
intact patients. 
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Diagnosis 


CPPD deposition disease is diagnosed by the identification of weakly positive birefringent CPPD 
crystals on synovial fluid analysis. Inflammatory synovial fluid occurs in patients with 
pseudogout attacks and those who have pseudorheumatoid arthritis, whereas noninflammatory 
fluid is associated with pseudo-osteoarthritis. The presence of chondrocalcinosis on radiography 
also suggests a diagnosis of CPPD deposition disease (Figure 32). 


In asymptomatic patients, CPPD deposition disease is diagnosed by the incidental identification 
of crystals on joint fluid analysis or chondrocalcinosis on radiography. Screening for underlying 
conditions includes measurement of serum calcium, phosphorus, magnesium, alkaline 
phosphatase, ferritin, and iron levels, as well as the total iron binding capacity. 


Figure 32. Chondrocalcinosis. 


This radiograph shows chondrocalcinosis in a patient with calcium pyrophosphate dihydrate 
deposition disease. 


Reprinted with permission from Yee AMF and Paget SA, eds. Expert Guide to Rheumatology. 
Philadelphia: American College of Physicians; 2004. 
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Treatment 


The treatment of acute attacks of CPPD deposition disease is the same as for acute attacks of 
gout. NSAIDs are the primary therapy for chronic disease, but maintenance therapy with 
colchicine is effective in some patients. 
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Basic Calcium Phosphate Deposition Disease 


Basic calcium phosphate (BCP) crystals are composed of carbonate-substituted hydroxyapatite, 
octacalcium phosphate, and tricalcium phosphate. They are too small to be identified on 
polarized light microscopy and are poorly understood and under-recognized. BCP crystals can be 
identified in approximately 50% of osteoarthritic joints, which raises speculation as to their role 
in osteoarthritis. 


BCP crystals are most commonly associated with a large-joint destructive process such as 
Milwaukee shoulder, which typically affects elderly women and manifests as chronic shoulder 
pain and a large noninflammatory effusion that may be bloody. Active motion is markedly 
limited because of the destruction of articular cartilage and associated tendon structures that 
develop in this setting, whereas passive motion is preserved. BCP crystals also may develop in 
other joints and have been associated with acute calcific periarthritis, asymptomatic periarticular 
calcification, diffuse idiopathic skeletal hyperostosis, and calcification of spinal ligaments and 
disks. Therapy includes NSAIDs, joint aspiration and injection, physical therapy, and 
occasionally surgical intervention. 
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Infectious Arthritis 


Septic arthritis is a medical emergency. Hematogenous spread is the most common mechanism 
of joint infection because the synovium has no basement membrane and is therefore particularly 
vulnerable to infection. Inoculation of the joint from a bite, thorn, invasive procedure, or other 
trauma also may cause infection. Risk factors for septic arthritis include systemic and local 
factors. 


Key Points 


e Septic arthritis should be considered in patients with sudden-onset monoarthritis or the 
acute worsening of chronic joint disease in a single joint. 

e The hallmark of a septic joint is pain on passive range of motion in the absence of known 
trauma. 

e Synovial fluid analysis should be performed in all patients with monoarthritis and should 
include cell count, Gram stain, cultures, and crystal analysis. 

e Septic arthritis can develop in patients with gout or pseudogout, and the presence of 
crystals in synovial fluid does not exclude a concomitant infection. 

e Empiric antibiotic treatment is indicated in patients whose condition is suspicious for 
septic arthritis and who have crystal formation visible on microscopic synovial fluid 
analysis. 

e Staphylococcus aureus is the most common organism that affects both native and 
prosthetic joints. 

e Gram-negative joint infections are more common in elderly, immunosuppressed, and 
postoperative patients and those with intravenous catheters in place. 

e Disseminated gonococcemia is characterized by a prodrome of tenosynovitis, 
polyarthralgia, migratory arthritis, and cutaneous lesions and should be considered in 
sexually active young persons. 

e Overlying skin infection in a patient who has recently undergone arthroplasty strongly 
suggests a prosthetic joint infection. 

e The gold standard for the diagnosis of prosthetic joint infections is tissue sampling via 
arthrocentesis or open débridement. 

e Vancomycin or another broad-spectrum agent active against gram-positive bacteria is the 
empiric therapy of choice for septic arthritis unless the patient’s presentation or Gram 
stain results suggest infection with a methicillin-susceptible pathogen. 

e Repeated arthrocentesis is critical in controlling acute septic joint infection. 

e Surgical drainage may be warranted if patients do not respond well to percutaneous 
drainage or have an infection in a previously damaged or difficult-to-access joint. 
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Diagnosis 


Septic arthritis should be considered in any patient who presents with the sudden onset of 
monoarthritis or the acute worsening of chronic joint disease. In patients with underlying 
rheumatologic disorders, a sudden joint flare that is not accompanied by other features of the pre- 
existing disorder and is unresponsive to usual therapy particularly suggests a diagnosis of 
infectious arthritis. 
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Clinical Manifestations 


A history of joint pain, joint swelling, and fever are the only findings associated with septic 
arthritis that occur in more than 50% of affected patients. Approximately 85% to 90% of patients 
have involvement of only one joint. Common sites of infection include the knee, wrists, ankles, 
and hips. 
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Physical Examination 


The pattern of joint involvement and associated tendinitis or enthesitis should be assessed in 
patients with suspected septic arthritis. The hallmark of a septic joint is pain on passive range of 
motion in the absence of trauma, and an infected joint typically appears swollen and warm with 
overlying erythema. The presence of tenosynovitis is suggestive of gonococcal arthritis. 


A complete dermatologic examination should be performed to evaluate for pustular lesions, 
ecchymoses, petechiae, bullae, and necrotic lesions located over the mucosal surfaces, trunk, 
hands, and upper and lower extremities. These lesions suggest bacteremia, particularly 
disseminated gonococcal infection. Evaluation of other organ systems and sites of possible 
infection, such as the urinary tract and intra-abdominal area, also is warranted. 
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Laboratory Studies 


Synovial fluid analysis, including cell count, Gram stain, culture, and crystal identification, is 
indicated in all patients with monoarthritis. 


The synovial fluid in patients with septic arthritis is cloudy and less viscous than that in patients 
with other forms of arthritis. Infected fluid is usually purulent, with a leukocyte count higher 
than 50,000/uL and a predominance of polymorphonuclear cells. A synovial fluid leukocyte 
count near 100,000/uL with 90% neutrophils is specific for acute bacterial infection. However, 
patients who are immunosuppressed, have infection caused by Mycobacterium or Neisseria 


species, or have a prosthetic joint infection may have a lower synovial fluid leukocyte count. A 
count between 10,000/uL and 30,000/uL with 50% neutrophils suggests mycobacterial or fungal 
arthritis. Gram staining of synovial fluid may help to guide initial antibiotic coverage until 
culture results are available. 


Septic arthritis can develop in patients with gout or pseudogout, and the presence of crystals in 
synovial fluid does not exclude a concomitant infection. Therefore, empiric antibiotic treatment 
is indicated in patients whose condition is suspicious for septic arthritis and have crystal 
formation visible on synovial fluid analysis. Blood cultures are indicated in all patients with 
suspected septic arthritis, particularly those who have features suggestive of or risk factors for 
endocarditis, such as an intravascular catheter. 


Plain radiographs of the infected joint are indicated to identify joint damage and the remote 
possibility of concomitant osteomyelitis. CT scanning or MRI may be more sensitive than 
radiography for diagnosing osteomyelitis in early disease and are particularly useful in the 
evaluation of the hip, sternoclavicular, or sacroiliac joints. CT scanning helps to guide aspiration 
of the hip; MRI helps to reveal adjacent soft-tissue edema and periarticular abscesses and to 
facilitate adequate débridement and drainage. 


Biopsy of the synovium occasionally is indicated for patients with an indolent infection who 
have persistently negative cultures and a poor response to empiric therapy. 
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Common Causes 


e Infection with Gram-Positive Organisms 


e Infection with Gram-Negative Organisms 
e Disseminated Gonococcal Infection 


e Infection with Mycobacterial Organisms 
e Infection with Fungal Organisms 


e Infection with Viral Organisms 
e Prosthetic Joint Infections 


e Infections in Previously Damaged Joints 
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Infection with Gram-Positive Organisms 


Staphylococcus aureus is the most common gram-positive organism affecting native and 
prosthetic joints, and infection with the methicillin-resistant strain is becoming increasingly 
common (Table 15). Coagulase-negative staphylococci often cause septic arthritis in patients 


with prosthetic joints, hardware, or the presence of foreign bodies in the joint; these pathogens 
also are resistant to certain antibiotics, including methicillin. 


Non-group A B-hemolytic streptococcal septic arthritis is caused by bacteremia associated with 
either an intravascular focus or increased permeability due to inflammation or perforation of the 
mucosa of the gastrointestinal or genitourinary tract. Patients infected with non—group A B- 
hemolytic streptococci usually present with monoarthritis, although more than one third of 
patients with Streptococcus pneumoniae infection have polyarticular involvement. 


Table 15. Common Causes of Septic Arthritis 


Gram-Positive Organisms 
Staphylococcus aureus 
Coagulase-negative staphylococcal species 
Non-group A B-hemolytic streptococcal species 
Streptococcus pyogenes 
Streptococcus agalactiae 
Streptococcus pneumoniae 

Gram-Negative Organisms 
Escherichia coli 
Pseudomonas aeruginosa 
Haemophilus influenzae 

Gonococcal Infection 
Neisseria gonorrhoeae 

Mycobacterial Organisms 
Mycobacterium tuberculosis 
Mycobacterium marinum 

Fungal Organisms 
Sporothrix schenckii 
Histoplasma species 
Cryptococcus species 
Blastomyces species 

Viral Organisms 

Parvovirus B19 
Hepatitis B 
Hepatitis C 
Rubella 
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Infection with Gram-Negative Organisms 


Gram-negative infections are more common in elderly, immunosuppressed, and postoperative 
patients and those with intravenous catheters. The most common gram-negative pathogens that 
cause septic arthritis are rod-shaped enteric organisms, such as Escherichia coli and hospital- 
acquired Pseudomonas aeruginosa. Infection with these organisms is associated with a high rate 
of complications from the underlying condition and the severity of the arthritis. Haemophilus 
influenzae only occasionally causes septic arthritis, and infection with this organism is easier to 
manage compared with other gram-negative rod-shaped pathogens. 
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Disseminated Gonococcal Infection 


Gonococcal arthritis is the most common form of bacterial arthritis in young sexually active 
persons in the United States. This condition manifests as either a purulent arthritis or a syndrome 
of disseminated gonococcemia. The arthritis usually involves one or two joints, most commonly 
the knees, wrists, ankles, or elbows. Disseminated gonococcemia is characterized by a prodrome 
of tenosynovitis, polyarthralgia, and cutaneous lesions that progress from papules or macules to 
pustules and usually are sterile on culture (Figure 33). Fever and rigors are common. 


Most patients with purulent gonococcal arthritis do not have systemic features or cutaneous 
involvement. Gonococcal arthritis should be considered in sexually active patients who present 
with migratory tenosynovitis and arthralgia. Blood cultures for N. gonorrhoeae are positive in 
50% of infected patients, particularly in those with disseminated gonococcal disease who have 
the characteristic pustular rash and tenosynovitis. Obtaining culture specimens from the pharynx, 
genitals, and rectum in addition to synovial fluid cultures increases the diagnostic yield for N. 
gonorrhoeae. All patients with gonorrhea also should be evaluated for HIV infection, syphilis, 
and Chlamydia infection. Treatment for presumed coinfection with Chlamydia is indicated. 


Figure 33. Cutaneous lesions associated with disseminated 
gonococcal infection. 
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Infection with Mycobacterial Organisms 


e Mycobacterium tuberculosis 
e Mycobacterium marinum 
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Mycobacterium tuberculosis 


Tuberculous disease of the bones or joints is believed to be a reactivation of a focus of bacilli 
that becomes lodged in the bone after a remote primary infection. Therapy with tumor necrosis 
factor a inhibitors is a risk factor for reactivation tuberculosis. 


Tuberculous infection of the joints manifests as osteomyelitis more often than arthritis. The most 
common sites of infection are the lower thoracic and lumbar spine. The most commonly 
involved peripheral joints are the large, weight-bearing joints, such as the hip and knee. 


Tuberculous arthritis usually is indolent, typically does not cause systemic features, and is not 
typically associated with a delayed-type hypersensitivity response to purified protein derivative 
testing. Therefore, it is often diagnosed late in the disease course after patients have not 
responded to therapy for joint pain or empiric antibiotic therapy. 


Synovial fluid cultures for M. tuberculosis are the gold standard for diagnosis of tuberculous 
arthritis. Synovial fluid in patients with tuberculous arthritis usually is inflammatory with a 
predominance of polymorphonuclear cells. Gram staining for this pathogen usually is negative. 


When synovial fluid culture results are negative despite a high index of suspicion for M. 
tuberculosis infection, synovial biopsy may be warranted. Molecular testing for M. tuberculosis 
also may be helpful. 
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Mycobacterium marinum 


M. marinum is an atypical mycobacterium associated with exposure to freshwater or saltwater, 
swimming pools, and fish tanks. Infection is acquired by local inoculation through swimming, 
handling fish, boating, or other marine activities. 


The hand is the most common site of infection with M. marinum. Infection often initially 
manifests as mild, slowly progressive tenosynovitis, although dysfunction of the flexor tendons 
can be functionally limiting. Nodular cutaneous papules that progress to shallow ulcerated 
lesions also may develop. 


Positive culture results for M. marinum are highly desirable to establish a diagnosis, but empiric 


treatment based on the clinical presentation may be indicated. 


PreviousNext 


Infection with Fungal Organisms 


Fungal arthritis is rare, occurring most frequently in immunosuppressed patients. The most 
common infecting organisms are Candida, Aspergillus, and Cryptococcus species. Fungal 
arthritis also may affect patients who live in endemic areas for Sporothrix schenckii and 
Blastomyces, Coccidioides, or Histoplasma species. 


Fungal arthritis typically manifests as subacute monoarthritis in patients with a systemic fungal 
infection. Fungal arthritis due to hematogenous spread of Candida in native or prosthetic joints 
has been increasing in frequency because of the rising incidence of Candida infections in 
hospitalized and chronically ill patients. Cryptococcal arthritis is rare and usually is caused by 
local spread of disease from adjacent osteomyelitis in immunosuppressed patients. 


S. schenckii arthritis can occur through local inoculation into the joint or by hematogenous 
spread. This pathogen is associated with plant litter and other organic materials, but rose thorns 
are the most well-known vectors. 


S. schenckii arthritis usually manifests as progressive joint pain, swelling, and loss of range of 
motion. Osteomyelitis also can occur because of spread from an adjacent joint, and draining 
sinuses often develop in the overlying skin. 


Coccidioidomycosis, blastomycosis, and histoplasmosis usually manifest as primary pulmonary 
infections that disseminate to involve the joints and bones. Erythema nodosum also may be 
associated with fungal arthritis. 
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Infection with Viral Organisms 


Viral arthritis usually is a mild to moderate polyarticular self-limited condition. It also may be 
associated with rash. 


Viral arthritis usually resolves within a few weeks to months with supportive therapy. Patients 
with chronic hepatitis B and C virus infection often have chronic polyarthralgia, but a true 
inflammatory arthritis is less common. 
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Parvovirus B19 


Parvovirus B19 is transmitted through hand-to-hand contact or respiratory secretions. Infection 
occurs most commonly during the winter and spring. Mothers of young children and day care 
workers are at higher risk for acquiring the virus from infected children than is the general 
population. 


The presentation of parvovirus B19 infection may be indistinguishable from early rheumatoid 
arthritis or systemic lupus erythematosus. Manifestations include a symmetric nonerosive 
arthritis that usually involves the small joints of the hands and feet and the knees. Erythema 
infectiosum, or “slapped cheek” rash, often develops in infected children but is uncommon in 
adults. 


Many adults with parvovirus B19 infection develop autoantibodies, particularly rheumatoid 
factor and antinuclear antibodies, which may persist for years. Diagnosis is confirmed by the 
presence of specific IgM antibodies. 
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Rubella 


Acute rubella is characterized by rash, fever, and lymphadenopathy. A self-limited symmetric 
arthritis also may occur with primary infection or after rubella vaccination. 


Joint symptoms in patients with acute rubella usually manifest at the time of onset of the acute 
infection, whereas arthritis associated with rubella vaccination usually manifests 2 weeks after 
inoculation. Arthritis usually resolves within weeks; joint pain may persist, but destructive joint 
disease does not develop. 
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Prosthetic Joint Infections 


Complicated joint replacement procedures, such as revision arthroplasty, are associated with a 
higher rate of infection than simpler procedures. Overlying skin infection in a patient who has 
recently undergone arthroplasty strongly suggests a prosthetic joint infection. 


Prosthetic joint infections that occur within the first postoperative year likely result from 
contamination of the operative wound and commonly manifest as fever, swelling, pain, and poor 
wound healing. 


Infections that occur after the first postoperative year are related to the hematogenous spread of 
organisms to the prosthetic joint or a delayed response to low-intensity pathogens, such as 
coagulase-negative staphylococci. Pain may be the only manifestation in these later-onset 
infections, which might be confused with loosening of the implanted prosthesis. 


The gold standard for the diagnosis of prosthetic joint infections is tissue sampling via 
arthrocentesis or open débridement. Measurement of erythrocyte sedimentation rate or C- 
reactive protein may help in the diagnosis. Imaging modalities such as radionuclide bone 
scanning also are not specific. Plain films may show prosthesis loosening, which can be present 
in both infected and uninfected prosthetic joints. 


Surgery may be warranted in patients with a prosthetic joint infection and involves removing the 
infected prosthesis, placing an antibiotic-impregnated articulating spacer, and initiating antibiotic 
therapy for at least 4 to 6 weeks. Once the joint is sterile, a new prosthesis is implanted. This 
two-stage procedure is associated with significant morbidity and prolonged immobilization. 


Débridement and prolonged antibiotic therapy without removal of the prosthesis may be 
appropriate for some patients, including frail patients who should not undergo two-stage 
replacement arthroplasty. Such treatment is most effective in patients with early-onset 
postoperative infection or early-onset hematogenous infection caused by penicillin-susceptible 
streptococci who do not have infection with Staphylococcus aureus. Additional factors 
associated with a positive outcome include a history of arthroscopic drainage within 7 days of 
symptom onset and an absence of radiologic signs of prosthesis loosening or osteitis. This 
method has a high failure rate, is associated with significant drug toxicity, and commonly causes 
superinfection. 
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Infections in Previously Damaged Joints 


Joints that have been previously damaged are more likely to become infected than structurally 
normal joints. Septic arthritis also is more likely to be associated with a poor outcome in patients 
who have a pre-existing arthritis. 


Patients with rheumatoid arthritis usually have used intra-articular corticosteroids and/or 
immunosuppressive agents at some point in their disease course and are therefore particularly 


susceptible to infection. Septic arthritis also is more likely to have a polyarticular presentation in 
patients with pre-existing rheumatoid arthritis than in other patients. 
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Management 


e Pharmacologic Therapy 
e Nonpharmacologic Therapy 
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Pharmacologic Therapy 


In patients with suspected septic arthritis, empiric systemic antibiotic therapy is indicated until 
culture results are available (Table 16). Vancomycin or another broad-spectrum agent active 
against gram-positive bacteria is the empiric therapy of choice unless the patient’s presentation 
or Gram stain results suggest infection with a methicillin-susceptible pathogen. 


In patients with N. gonorrhoeae septic arthritis, antibiotic therapy for 2 weeks or less is usually 
sufficient; initially, parenteral therapy is given but oral therapy can usually be started 24 to 48 
hours after clinical improvement is demonstrated. However, in nongonococcal septic arthritis, 


the duration of parenteral therapy is determined by the infecting pathogen, the site of infection, 
and the presence of comorbidities. Some patients infected with particularly virulent pathogens 
may require 6 weeks or more of parenteral therapy. 


Topical or intra-articular antibiotic therapy is not indicated in septic arthritis. Patients infected 
with unusual organisms or who have a poor response to therapy should be referred to a 
rheumatologist or infectious disease specialist. 


Table 16. Empiric and Definitive Antibiotic Treatment for 
Septic Native Joint Arthritis 


Gram Stain Likely or Identified First-Line Therapy Second-Line Therapy 
Results Pathogen 
Gram- Staphylococcus aureus, Oxacillin/nafcillin or Cefazolin or nafcillin 
positive cocci other staphylococcal species cefazolin 


If MRSA is a concern (risk Vancomycin or Teicoplanin 
factors or known MRSA linezolid 
carrier) 
Gram- Neisseria gonorrhoeae Ceftriaxone Fluoroquinolones 
negative 
cocci 
Gram- Enteric gram-negative Ceftriaxone or Fluoroquinolones 
negative bacilli cefotaxime 
bacilli 
Pseudomonas aeruginosa Ceftazidime (plus Carbapenems, cefepime, 
gentamicin if proven) piperacillin-tazobactam, 
fluoroquinolones 
Gram stain At risk for N. gonorrhoeae Ceftriaxone or 
unavailable infection cefotaxime 
No risk for N. gonorrhoeae, Nafcillin plus Nafcillin plus quinolone 
S. aureus or gram-negative ceftazidime 
bacilli are likely 


MRSA = methicillin-resistant Staphylococcus aureus. 


Modified with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Nonpharmacologic Therapy 


Arthrocentesis is critical to control acute infection but may not be needed in patients who 
demonstrate an early clinical response to pharmacologic therapy. Arthrocentesis can be 
performed at least once daily and should be continued until the synovial fluid leukocyte count 
decreases and the fluid becomes sterile. 


Patients who do not respond well to arthrocentesis or have infection in a previously damaged or 
difficult to access joint may require surgical drainage via arthroscopy or arthrotomy. Surgical 
drainage also may be indicated if sufficient staff qualified to perform repeated arthrocentesis are 
not available. 


In patients who undergo surgical drainage, the involved joint should be immobilized for a few 
days. To prevent joint contractures and help restore baseline function, patients should be 
instructed to begin a progressive approach to moving the joint, ranging from gentle range-of- 
motion exercises to more intensive types of physical therapy until maximal improvement has 
been achieved. 
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Idiopathic Inflammatory Myopathies 


The idiopathic inflammatory myopathies are a heterogeneous group of immune-mediated 
disorders (Table 17). These disorders are characterized by the insidious onset of symmetric 
proximal muscle weakness that typically progresses within 3 to 6 months, the presence of a 
mononuclear infiltrate in multiple muscles, and autoantibody formation. 


Table 17. The Inflammatory Myopathies 


Condition 
Polymyositis 


Dermatomyositis 


Myositis associated with collagen 
vascular disease (SLE, systemic 
sclerosis, Sjögren syndrome, mixed 
connective tissue disease) 


Inclusion body myositis 


Juvenile dermatomyositis 
Myositis associated with malignancy 


SLE = systemic lupus erythematosus. 


Key Points 


Notes 


An inflammatory muscle disease associated with 
symmetric muscle weakness. This condition initially 
involves the proximal muscles and progresses over 
months. 


An inflammatory muscle disease clinically similar to 
polymyositis but associated with characteristic cutaneous 
manifestations that may precede the onset of muscle 
disease. 


Poly- or dermatomyositis that manifests in a patient with 
another pre-existing or co-existing disorder such as a 
systemic autoimmune disorder, or as a component of 
mixed connective tissue disease. 


A combination of proximal and distal weakness that may 
be asymmetric. More common in older people than 
polymyositis and has a more indolent course than this 
condition. This condition is characterized by the presence 
of inclusion bodies. 


Dermatomyositis in children. 


Myositis that occurs in association with a malignancy. The 
muscle disease may precede the diagnosis of malignancy. 


e Dermatomyositis and polymyositis manifest as symmetric muscle weakness that usually 


affects the proximal muscles. 


e Muscle weakness in patients with inclusion body myositis typically is symmetric and 
involves both proximal and distal muscle groups. 
e Muscle pain in patients with an inflammatory myopathy is atypical and, if present, is 


generally mild. 


e Gottron papules are pathognomonic for dermatomyositis, and a periorbital heliotrope 
rash, shawl and V signs, and mechanic’s hands are characteristic of this condition. 
e Interstitial lung disease is one of the leading causes of death in patients with polymyositis 


and dermatomyositis. 


e More than 95% of patients with an inflammatory myopathy have elevated creatine kinase 


levels. 


e Anti—Jo-1 antibodies are highly specific for the inflammatory myopathies and are 
associated with an increased risk for interstitial lung disease and death. 


e In patients with muscle weakness or elevated creatine kinase levels, electromyography 
and nerve-conduction velocity studies can suggest a myopathic process and help to 
exclude neuropathic conditions. 

e Muscle biopsy is the gold standard for diagnosing an inflammatory myopathy. 

e Inpatients who have undergone electromyography, biopsy specimens should be obtained 
from the contralateral side of that studied by electromyography. 

e High-dose oral corticosteroid therapy is first-line treatment for polymyositis and 
dermatomyositis. 

e Inpatients with polymyositis or dermatomyositis treated with corticosteroids, progressive 
weakness accompanied by significant improvement in muscle enzyme levels should raise 
suspicion for a corticosteroid-induced myopathy. 

e Additional or alternative immunosuppressive therapy is indicated for patients with 
polymyositis or dermatomyositis treated with corticosteroids who have refractory disease, 
an inadequate treatment response, or intolerable side effects to this therapy. 

e Patients with inclusion body myositis respond poorly to immunosuppressive therapy. 

e Screening for an occult malignancy is indicated in adult patients newly diagnosed with an 
inflammatory myopathy. 

e Malignancy associated with the inflammatory myopathies typically occurs in older 
patients and more often develops in those with dermatomyositis. 

e Some patients with an inflammatory myopathy have a relapsing-remitting disease course, 
whereas others require long-term immunosuppressive therapy. 

e In patients with an inflammatory myopathy, poor prognosis is associated with profound 
muscle weakness; older age at diagnosis; associated malignancy; delayed initiation of 
corticosteroid therapy or a refractory response to this therapy; and the presence of 
pulmonary disease. 
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Pathophysiology and Epidemiology 


The inflammatory myopathies are believed to be caused by an immune response triggered by 
environmental factors, especially viral infections, in genetically predisposed persons. 
Polymyositis and inclusion body myositis (IBM) are diseases of cellular immunity with evidence 
of T-cell-mediated cytotoxicity, whereas dermatomyositis is a disorder of humoral immunity. 


Polymyositis may develop in patients with HIV infection early in the course of infection and 
may be the presenting clinical manifestation of HIV infection in these patients. However, the role 
of HIV infection in the development of polymyositis is not known. The inflammatory 
myopathies also can occur as part of other systemic autoimmune disorders, including systemic 
lupus erythematosus, systemic sclerosis, mixed connective tissue disease, and Sjögren syndrome 
or as a paraneoplastic syndrome. 


The peak incidence of the idiopathic inflammatory myopathies is between 45 and 65 years of 
age. Patients with an inflammatory myopathy who have an underlying systemic connective tissue 


disease are generally younger, whereas those with IBM and a malignancy-associated myopathy 
are more frequently older than 60 years. 
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Classification and Clinical Manifestations 


Muscle Involvement 
Cutaneous Involvement 
Cardiopulmonary Involvement 


Additional Systemic Manifestations 
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Muscle Involvement 


Dermatomyositis and polymyositis manifest as symmetric muscle weakness that usually affects 
the proximal muscles. IBM is a distinct clinical disorder separate from dermatomyositis and 
polymyositis. Muscle weakness in patients with IBM typically is symmetric and involves both 
proximal and distal muscle groups. Asymmetric atrophy and neuropathic changes, such as loss of 
deep tendon reflexes, also may occur. IBM has a more indolent disease course than 
dermatomyositis and polymyositis and typically progresses over several years. 


Affected patients may have difficulty with activities that involve raising their hands above their 
head and have difficulty rising from a chair and climbing stairs. Neck flexor muscles may be 
affected, and involvement of the pharyngeal muscles predisposes patients to aspiration. Muscle 
pain in patients with an inflammatory myopathy is atypical and, if present, is generally mild. 
Significant myalgia suggests an alternative diagnosis, such as arthritis, polymyalgia rheumatica, 
or fibromyalgia. 


With disease progression, more distal muscle and respiratory muscle groups are affected, 
progressive loss of all mobility develops, and respiratory failure ultimately occurs. Neurologic 
defects such as abnormalities in sensation, coordination, and cranial nerve or autonomic function 
do not occur in patients with an inflammatory myopathy and when present should raise suspicion 
for an intracerebral, spinal cord, or neurologic disorder. 
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Cutaneous Involvement 


Cutaneous manifestations of dermatomyositis may precede muscle disease. Gottron papules are 
pathognomonic for dermatomyositis, and a periorbital heliotrope rash, shawl and V signs, and 


mechanic’s hands are characteristic (Table 18) (Figure 34 and Figure 35). Patients with 
dermatomyositis also may have nailfold capillary abnormalities, such as periungual erythema 
and telangiectasias, as well as cuticle hypertrophy. 


Calcinosis can develop over extensor surfaces, such as the elbows, and at sites of trauma; 
patients with this condition may have a sheet-like appearance within the muscle on radiography. 
Calcinosis occurs most commonly in patients with juvenile dermatomyositis and is a source of 
long-term morbidity. 


Amyopathic dermatomyositis is a rare subset of dermatomyositis. Patients with this condition 
develop the cutaneous manifestations characteristic of dermatomyositis in the absence of muscle 
involvement. 


Figure 34. Gottron papules. 


Gottron papules affecting the hand joints in a patient with dermatomyositis. 


Figure 35. V sign. 


This V-shaped photosensitive erythematous rash is characteristic of dermatomyositis. 


Table 18. Rashes Associated with Dermatomyositis 


Condition Findings 


Gottron papules Violaceous to pink plaques with scaling overlying the extensor surface of the 
hand joints, knees, and elbows 


Heliotrope rash Violaceous discoloration of the eyelids accompanied by periorbital edema 


Macular Photosensitive rash involving the face and neck 
erythema 


Shawl sign: rash involves the posterior neck, upper back, and shoulders 
V sign: rash involves the anterior neck and chest 


Mechanic’s Rough, scaly lesions with fissuring of the skin over the lateral margins and pads 
hands of the fingers 
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Cardiopulmonary Involvement 


Interstitial lung disease (ILD) with progressive pulmonary fibrosis and secondary pulmonary 
arterial hypertension is one of the leading causes of death in patients with polymyositis and 
dermatomyositis. ILD may be prominent at the onset of myopathy or develop over the course of 
the disease. The presence of anti-Jo-1 antibodies is associated with an increased risk for ILD. 


Patients with ILD have progressive dyspnea, basilar crackles, bibasilar infiltrates on chest 
radiographs, and restrictive changes on pulmonary function studies. Differentiating between 
pulmonary manifestations due to pulmonary fibrosis and those due to aspiration pneumonia and 
respiratory muscle weakness is critical. Pulmonary symptoms in patients with aspiration 
pneumonia typically have a more acute or intermittent course and a more asymmetric infiltrative 
pattern on chest radiographs. Swallowing studies may be necessary to document the aspiration. 
Respiratory muscle failure may develop in patients with profound end-stage loss of muscle 
function; however, this feature can be detected earlier on pulmonary function testing. 


Cardiac involvement in patients with an inflammatory myopathy is rare and includes arrhythmias 
and cardiomyopathy. 


PreviousNext 


Additional Systemic Manifestations 


Additional systemic manifestations of the inflammatory myopathies include constitutional 
symptoms, such as fever, weight loss, and malaise. Arthralgia or inflammatory arthritis and 
Raynaud phenomenon with possible digital ischemia also may occur. Gastrointestinal 
involvement includes motility disorders accompanied by regurgitation and reflux. Vasculitis may 
be present but is more common in patients with juvenile dermatomyositis. 
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Diagnosis 


A diagnosis of an inflammatory myopathy is established in patients with a compatible clinical 
presentation accompanied by elevated muscle enzyme levels and characteristic pathologic 
findings on muscle biopsy. Characteristic muscle changes on electromyography and/or MRI may 
help support the diagnosis, exclude alternative conditions such as neurologic disorders, and help 


identify an appropriate biopsy site. The presence of a myositis-specific autoantibody or a rash 
that is characteristic of dermatomyositis may help to establish a diagnosis. 
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Laboratory Studies 


Patients with an inflammatory myopathy may have an elevated erythrocyte sedimentation rate or 
C-reactive protein levels. However, these findings are not helpful diagnostically or in monitoring 
disease activity. 
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Muscle Enzymes 


Creatine kinase measurement is the most sensitive and specific laboratory study for muscle 
damage and is therefore useful in diagnosing and monitoring disease activity in patients with an 
inflammatory myopathy. At presentation, more than 95% of patients with an inflammatory 
myopathy have creatine kinase levels more than twice the normal range. 


However, the magnitude of the creatine kinase level may not correlate with disease severity. 
Despite the presence of muscle weakness and evidence of active disease, creatine kinase levels 
may be normal or only slightly elevated in patients who have an indolent disease course, low 
levels of muscle inflammation, low muscle mass, or extensive muscle atrophy. IBM is associated 
with only modestly elevated creatine kinase levels. 


Once the creatine kinase levels in patients with an inflammatory myopathy decrease, several 
weeks may pass before muscle strength improves. Elevated levels also are not specific for the 
inflammatory myopathies. Other causes for elevations in these levels include trauma, statin use, 
thyroid disease, electrolyte abnormalities, and other neuromuscular disorders. 


Active muscle disease is associated with an increase in aspartate aminotransferase, alanine 


aminotransferase, lactate dehydrogenase, and aldolase levels. However, none of these enzymes 
are specific for muscle disease and do not help to establish the diagnosis. 
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Autoantibodies 


Autoantibody assays may be useful in distinguishing an inflammatory myopathy from other 
causes of muscle weakness. Up to 80% of patients with an inflammatory myopathy have 
antinuclear autoantibodies, and most of these patients have a speckled pattern. However, the 


predictive value of a positive antinuclear antibody assay is low because this study has a low 
specificity. 


Certain autoantibodies are so specific for the inflammatory myopathies that they are diagnostic 
in patients with a compatible clinical presentation. In this setting, further invasive studies such as 
muscle biopsy are not needed. Anti—Jo-1 antibodies occur in up to 20% of affected patients. 
Assays for this antibody also are the most commercially available autoantibody assays for the 
inflammatory myopathies. Anti—Jo-1 antibodies are part of a family of autoantibodies directed 
against various transfer RNA synthetases and are specific for histidyl-transfer RNA synthetase. 
Patients with anti—Jo-1 antibodies are more likely to have ILD, inflammatory arthritis, fever, and 
Raynaud phenomenon than other patients with inflammatory myopathy, as well as a higher 
mortality rate. 


Patients with an inflammatory myopathy who have antiribonucleoprotein antibodies, which are 
associated with mixed connective tissue disease, often have features of systemic sclerosis and 
systemic lupus erythematosus. 
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Imaging Studies 


MRI of the proximal muscles, particularly the thighs, is increasingly being used in assessing the 
degree of muscle inflammation and damage and can help to localize a biopsy site. Fat-suppressed 
T2-weighted MRI can reveal active muscle inflammation with edema, whereas T1-weighted 
MRI can demonstrate atrophy and fatty infiltration. However, these changes are not specific for 
myositis. Furthermore, the usefulness of MRI as an ancillary diagnostic test is unknown, as 
studies supporting the use of MRI are few and include only small numbers of patients. 
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Electromyography 


Electromyography and nerve-conduction velocity studies can suggest a myopathic process and 
help to exclude other disorders, such as neuropathic conditions. 


Changes on electromyography that are characteristic but not diagnostic of an active myopathy 
include increased insertional activity, fibrillations, high-frequency discharges, and polyphasic 
motor unit potentials of low amplitude and short duration. Results of electromyography in 
patients with IBM frequently reveal mixed myopathic and neuropathic patterns. 
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Muscle Biopsy 


Muscle biopsy is the gold standard for diagnosing an inflammatory myopathy, and an open 

biopsy is preferred to a needle biopsy. Biopsy can confirm the inflammatory changes associated 
with the inflammatory myopathies and exclude other causes of an elevated creatine kinase level, 
such as mitochondrial myopathy and enzyme deficiencies. However, muscle involvement in the 
myopathies may be patchy, and the false-negative rate for muscle biopsy can be as high as 25%. 


The diagnostic yield of muscle biopsy is highest when a clinically involved muscle is biopsied 
and may be maximized if MRI is used to identify a biopsy site. Biopsy of a muscle on which 
electromyography has recently been performed should be avoided because the local 
inflammation caused by the electromyography needle can be mistaken for an inflammatory 
myopathy. In patients who have undergone electromyography, biopsy specimens should be 
obtained from the contralateral side of that studied by electromyography. 
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Polymyositis and Dermatomyositis 


Polymyositis and dermatomyositis can often be distinguished on biopsy by the localization and 
composition of the inflammatory infiltrate. Biopsy specimens in patients with polymyositis 
reveal a lymphocytic infiltrate predominantly composed of CD8 cells localized within the muscle 
fascicles. In patients with dermatomyositis, B cells and CD4 cells predominate in the 
inflammatory infiltrate. In addition, inflammation in patients with dermatomyositis is localized 
to the perivascular regions and the areas surrounding the muscle fascicles. Biopsy specimens in 
patients with polymyositis or dermatomyositis can show varying stages of necrosis and 
regeneration. 
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Inclusion Body Myositis 


Biopsy specimens in patients with IBM reveal an endomysial inflammatory infiltrate similar to 
that in patients with polymyositis, as well as characteristic rimmed vacuoles. Electron 
microscopy of these specimens in patients with IBM reveals intracellular tubular or filamentous 
inclusions. 


PreviousNext 


Treatment 


Physical and occupational therapy are crucial adjuncts to pharmacologic therapy in patients with 
an inflammatory myopathy. Exercise improves aerobic capacity and strength and provides 
cardiopulmonary benefits. Exercise also is not typically associated with increases in muscle 
enzyme levels, which are indicative of muscle dysfunction. 


High-dose oral corticosteroid therapy is first-line treatment for polymyositis and 
dermatomyositis. However, patients with profound muscle disease or life-threatening 
manifestations may require intravenous pulse corticosteroid administration. 


Patients with an inflammatory myopathy who are using corticosteroids should undergo regular 
muscle strength monitoring and measurement of creatine kinase. Most patients respond at least 
partially to corticosteroid therapy, and a clinical response typically occurs over weeks to months 
of therapy. Initially, the creatine kinase levels decrease, then muscle strength improves. In 
patients with polymyositis or dermatomyositis treated with corticosteroids, progressive weakness 
accompanied by significant improvement in muscle enzyme levels should raise suspicion for a 
corticosteroid-induced myopathy. In addition, the corticosteroid dosage must be tapered 
gradually over the first several months to avoid flares of muscle inflammation. 


Baseline bone mineral density testing is indicated in patients who undergo long-term high-dose 
corticosteroid therapy. These patients also should begin prophylactic therapy for osteoporosis 
with calcium and vitamin D supplementation and bisphosphonates. 


Additional or alternative immunosuppressive therapy is indicated for patients with polymyositis 
or dermatomyositis who have refractory disease, an inadequate treatment response, or intolerable 
side effects. Additional immunosuppressive therapy also is used as steroid-sparing agents to 
facilitate corticosteroid tapering in patients with persistent disease that warrants long-term 
corticosteroid use. 


Methotrexate and azathioprine are the most commonly used adjunctive immunosuppressive 
agents, but monthly administration of intravenous immune globulin is increasingly used in 
patients with refractory disease. Other immunosuppressive agents used include 
cyclophosphamide, 6-mercaptopurine, chlorambucil, and cyclosporine. Hydroxychloroquine may 
help to treat cutaneous manifestations of dermatomyositis but not muscle involvement. Patients 
with IBM respond poorly to immunosuppressive therapy, and whether aggressive therapy is 
appropriate in this setting remains uncertain. 
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Malignancy and the Idiopathic Inflammatory Myopathies 


Screening for an occult malignancy is indicated in patients newly diagnosed with an 
inflammatory myopathy and should be considered in patients whose disease is refractory to 
aggressive immunosuppressive treatment. The history and physical examination findings should 
guide this screening, which should include recommended age-appropriate and sex-specific 
screening tests. 


Typically, malignancy occurs in older patients and more often develops in those with 
dermatomyositis. Malignancy may predate or present within the first few years after the 
development of an inflammatory myopathy. The types of malignancies are similar to those in an 
age-matched population without myopathy except that women with this condition have a higher 
rate of ovarian cancer. It is reasonable to consider endoscopic and imaging studies to exclude 
nasopharyngeal, gastrointestinal, pulmonary, intra-abdominal, and pelvic (particularly ovarian) 
malignancies; Asian patients in particular are likely to develop nasopharyngeal malignancies. 
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Prognosis 


Improved diagnostic capabilities and increased use of immunosuppressive therapy have 
markedly increased long-term survival in patients with inflammatory myopathies. The 5-year 
survival rate exceeds 80%. However, less than one third of affected patients achieve long-term 
remission. 


Some patients with an inflammatory myopathy have a relapsing-remitting disease course, 
whereas others require long-term immunosuppressive therapy. The following features are 
associated with a poorer prognosis: profound muscle weakness; older age at diagnosis; 
associated malignancy; delayed initiation of corticosteroid therapy or a refractory response to 
therapy; and the presence of pulmonary disease, including aspiration pneumonia and interstitial 
fibrosis. 
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Systemic Vasculitis 


Vasculitis refers to an inflammation in the blood vessel walls that causes vessel narrowing, 
blockage, aneurysm, or rupture. This condition is classified according to the size of the vessels 


affected (Table 19). 


Vasculitis can be a primary disease, occur secondary to another condition, or develop in response 
to a medication or infection. Patients with vasculitis may present with purpura, constitutional 
symptoms that reflect the systemic nature of this condition, or manifestations of ischemia in 
affected organs (Table 20). 


Table 19. Primary Vasculitic Diseases 


Condition 


Giant cell arteritis 


Polymyalgia 
rheumatica 
Takayasu arteritis 


Polyarteritis nodosa 


Kawasaki disease 


Wegener 
granulomatosis 
Microscopic 
polyangiitis 
Churg-Strauss 
syndrome 


Henoch-Schonlein 
purpura 

Essential 
cryoglobulinemic 


Characteristics 
Large-Vessel Vasculitis 
Headache, visual abnormalities, jaw claudication, constitutional 
symptoms, polymyalgia rheumatica 
Aching in the shoulders, neck, and hip girdle region; fatigue, malaise 


An inflammatory phase characterized by fever, arthralgias, myalgias, 
malaise, weight loss; a pulseless phase characterized by arm or leg 
claudication, hypertension, headache 


Medium-Sized Vessel Vasculitis 


Mononeuritis multiplex, hypertension, testicular pain, abdominal pain, 
arthralgias, fever, weight loss; cutaneous, renal, mesenteric, or nerve 
involvement 


Fever, conjunctivitis, erythema of the oral mucous membranes, erythema 
or edema of the extremities, cervical lymphadenopathy, coronary 
aneurysms; occurs in children 

Small-Vessel Vasculitis 
Upper-airway disease (sinusitis, epistaxis), mononeuritis multiplex, c- 
ANCA positivity; pulmonary, ocular, or renal disease 
Renal or pulmonary involvement, fever, arthralgias, purpura, 
mononeuritis multiplex, c-ANCA positivity 
Asthma, rhinitis, sinusitis, migratory pulmonary infiltrates, mononeuritis 
multiplex, purpura, fever, arthralgias, myalgias; cardiac, renal, or 
gastrointestinal involvement; 50% of affected patients have positive titers 
of p-ANCA 
Purpura, abdominal pain, renal disease, arthritis; occurs more frequently 
in children 
Purpura, arthralgias, lymphadenopathy, hepatosplenomegaly, renal 
disease, mononeuritis multiplex, hypocomplementemia; associated with 


vasculitis 
Cutaneous 
leukocytoclastic 
vasculitis 


hepatitis C virus infection 


Palpable purpura; occurs in patients with connective tissue diseases and 
as a reaction to drugs or viruses 


Table 20. Differential Diagnosis of Vasculitis 


Disease 
Infection (sepsis, 
endocarditis, 
hepatitis) 

Drug 
toxicity/poisoning 


Coagulopathy 


Malignancy 


Atrial myxoma 


Multiple cholesterol 
emboli 


Key Points 


Characteristics 


Heart murmur, rash, and/or musculoskeletal symptoms can occur in 
bacterial endocarditis or viral hepatitis. Obtain blood cultures, hepatitis B 
and C serologic studies, and an echocardiogram. 


Cocaine, amphetamines, ephedra alkaloids, and phenylpropanolamine 
may produce vasospasm, resulting in symptoms of ischemia. Perform 
toxicology screen. 


Occlusive diseases (disseminated intravascular coagulation, 
antiphospholipid syndrome, thrombotic thrombocytopenic purpura) can 
produce ischemic symptoms. Perform coagulation panel and test for 
hypercoagulability. 

Paraneoplastic vasculitis is rare. Any organ system may be affected, but 
the skin and nervous system are the most common. Vasculitic symptoms 
may precede, occur simultaneously with, or follow diagnosis of cancer. 
Lymphoma occasionally may involve the blood vessels and mimic 
vasculitis. Consider malignancy in patients with incomplete or no 
response to therapy for idiopathic vasculitis. 


Classic triad of symptoms: embolism, intracardiac obstruction leading to 
pulmonary congestion or congestive heart failure, and constitutional 
symptoms (fatigue, weight loss, fever). Skin lesions can be identical to 
those seen in leukocytoclastic vasculitis. Atrial myxomas are rare, but they 
are the most common primary intracardiac tumor. Myxomas also can 
occur in other cardiac chambers. 


Typically seen in patients with severe atherosclerosis. Embolization may 
occur after abdominal trauma, aortic surgery, or angiography. May also 
occur after heparin, warfarin, or thrombolytic therapy. Patients may have 
livedo reticularis, petechiae and purpuric lesions, and localized skin 
necrosis. 


e Visual loss in patients with giant cell arteritis is a medical emergency that requires 
immediate parenteral corticosteroid therapy. 

e In patients with a strong suspicion for giant cell arteritis, high-dose corticosteroid therapy 
is indicated before temporal artery biopsy. 


A rapid and dramatic clinical response to low-dose prednisone 1s characteristic of 
polymyalgia rheumatica. 

A diagnosis of Takayasu arteritis is established in patients with a compatible clinical 
presentation accompanied by great-vessel narrowing visible on angiography, 
ultrasonography, CT angiography, MRI, or magnetic resonance angiography. 

Aspirin may be used to manage symptoms of vascular insufficiency in patients with 
Takayasu arteritis once the inflammatory phase has been controlled with high-dose 
corticosteroids, but some patients require revascularization. 

Approximately 50% of cases of polyarteritis nodosa are associated with hepatitis B virus 
infection. 

Biopsy of the skin or sural nerve or radiographic imaging of the mesenteric or renal 
arteries is used to establish a diagnosis of polyarteritis nodosa. 

Patients with polyarteritis nodosa who have a poor predicted prognosis or disease that is 
not controlled by corticosteroids should receive cyclophosphamide in addition to 
corticosteroid therapy. 

Short-term high-dose corticosteroid therapy accompanied by an antiviral agent such as 
lamivudine is indicated in patients with polyarteritis nodosa with concomitant hepatitis B 
virus infection. 

Microscopic polyangiitis is characterized by renal and pulmonary disease as well as the 
presence of antimyeloperoxidase antibodies. 

High-dose corticosteroid therapy accompanied by a 3- to 6-month course of oral 
cyclophosphamide is used to initially treat Wegener granulomatosis and microscopic 
polyangiitis. 

Patients with Churg-Strauss syndrome typically have asthma, a history of rhinitis or 
sinusitis, and eosinophilia. 

Henoch-Schonlein purpura is characterized by purpura, arthritis, abdominal pain, and 
renal disease. 

Most cases of type II cryoglobulinemic vasculitis are associated with hepatitis C virus 
infection. 

Management of secondary vasculitis involves treating the underlying disease or 
discontinuing the triggering agent. 
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Large-Vessel Vasculitis 


Giant Cell Arteritis 
Polymyalgia Rheumatica 


Takayasu Arteritis 
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Giant Cell Arteritis 


e Pathophysiology and Epidemiology 


e Clinical Manifestations and Diagnosis 
e Treatment 
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Pathophysiology and Epidemiology 


Giant cell arteritis (GCA) is a granulomatous vasculitis that most commonly affects the large and 
medium-sized arteries of the head and neck, including the temporal, ophthalmic, and posterior 
ciliary arteries. Subclinical involvement of the proximal and distal aorta also is common. In 
addition, GCA may involve the internal and external carotid arteries but typically spares the 
intracranial vessels. It occurs in patients older than 50 years and has a 2:1 female predominance. 
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Clinical Manifestations and Diagnosis 


Most patients with GCA present with headache that typically involves the temporal area. 
Approximately 33% of affected patients have symptoms of polymyalgia rheumatica or visual 
abnormalities. Some of these patients may develop visual loss, which is a medical emergency 
that requires immediate parenteral corticosteroid therapy. 


Patients with GCA can have jaw claudication and constitutional symptoms, such as fever, weight 
loss, or fatigue. A small subset of affected patients present with arm or leg claudication. 
Predictive physical examination findings include temporal artery beading (positive likelihood 
ratio, 4.6); prominence (positive likelihood ratio, 4.3); and tenderness (positive likelihood ratio, 
2.6). 


GCA is associated with a markedly elevated erythrocyte sedimentation rate (ESR) and C-reactive 
protein levels, and in some patients with anemia and thrombocytosis. However, a temporal artery 
biopsy specimen showing destruction of the internal elastic lamina, intimal thickening, and 
inflammatory infiltrates is diagnostic of this condition. Giant cells are present in the 
inflammatory infiltrate in only 50% of affected patients. 


Duplex ultrasonography of the temporal artery can reveal a characteristic halo sign in patients 
with GCA, and positron emission tomography scanning often shows thoracic aorta uptake. 
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Treatment 


In patients with a strong suspicion for GCA, high-dose corticosteroid therapy is indicated before 
biopsy to decrease the risk for visual loss; if biopsy is performed within 4 weeks of initiating this 
therapy, biopsy results will not be affected. Once the symptoms of GCA have resolved and the 
ESR has normalized, the corticosteroid dosage can be tapered by 10% every 1 to 2 weeks. In 
addition, aspirin may lower the risk for cerebral ischemia. 


GCA recurs in more than 50% of affected patients during the first year. When symptoms recur, 
the corticosteroid dosage should be increased to 10 mg above the dosage that previously 


controlled the disease. Neither methotrexate nor infliximab is an effective steroid-sparing agent 
for this condition. 
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Polymyalgia Rheumatica 


e Clinical Manifestations and Diagnosis 
e Treatment 
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Clinical Manifestations and Diagnosis 


Polymyalgia rheumatica is twice as common as GCA, but the two entities appear to be different 
manifestations of the same disease. Polymyalgia rheumatica is characterized by aching in the 
shoulders, neck, and hip girdle region; fatigue; and malaise that develop over weeks to months. 
ESR and C-reactive protein levels are elevated. Affected patients respond rapidly and 
dramatically to low-dose prednisone (10 to 20 mg/d). Once symptoms have subsided, the 
prednisone dosage can be tapered by 2.5 mg weekly or monthly to 10 mg/d, then by 2.5 mg 
monthly. 
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Treatment 


Polymyalgia rheumatica commonly recurs, and slower corticosteroid tapering often is warranted. 
Methotrexate is an effective steroid-sparing agent in this condition, but infliximab is not. 
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Takayasu Arteritis 


e Pathophysiology and Epidemiology 


e Clinical Manifestations and Diagnosis 
e Treatment 
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Pathophysiology and Epidemiology 


Takayasu arteritis is an inflammatory disease that affects the aorta and its branches as well as the 
pulmonary arteries. Vascular pathologic changes are similar to those in GCA. Takayasu arteritis 
most commonly affects young women and children and has an 8:1 female predominance. 
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Clinical Manifestations and Diagnosis 


Takayasu arteritis has an initial inflammatory phase followed by a pulseless phase. The initial 
phase is characterized by fever, arthralgia, myalgia, malaise, and weight loss that can last weeks 
to months. ESR and C-reactive protein are elevated. The pulseless phase is characterized by 
symptoms of vascular insufficiency, such as arm or leg claudication, or hypertension that is 
usually caused by renal artery stenosis. Many patients with Takayasu arteritis do not seek 
medical attention until they enter this disease phase. 


A diagnosis of Takayasu arteritis is established in patients with a compatible clinical presentation 
accompanied by great-vessel narrowing visible on imaging studies (Table 21). Angiography, 
ultrasonography, CT angiography, MRI, and magnetic resonance angiography are useful imaging 
modalities for diagnosis (Figure 36). Vessel narrowing is most marked at branch points in the 
aorta. Positron emission tomography scanning can occasionally identify sites of vessel 
inflammation that are not clinically apparent. 


Figure 36. Takayasu arteritis. 


This angiogram of the aorta demonstrates high-grade stenosis of the proximal right subclavian 
artery as well as the left subclavian artery just below the origin of the left vertebral artery. 
Incidentally noted is anatomic variation with a common origin of the right brachiocephalic artery 
and the left common carotid artery. 


Table 21. Diagnostic Criteria for Takayasu Arteritis* 


Age at disease onset <40 years 

Claudication of the extremities 

Decreased pulsation of one or both brachial arteries 

Difference of at least 10 mm Hg in systolic blood pressure between the arms 
Bruit over one or both subclavian arteries or the abdominal aorta 


Arteriographic studies showing narrowing or occlusion of the entire aorta, its primary branches, 
or large arteries in the proximal upper or lower extremities that is not related to arteriosclerosis, 
fibromuscular dysplasia, or other causes 


“A diagnosis of Takayasu arteritis is established in patients who meet three or more of these 
criteria. 
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Treatment 


High-dose corticosteroid therapy is indicated in the inflammatory phase. Elevated inflammatory 
markers, constitutional symptoms, or evidence of progressive arterial narrowing indicate the 
need for treatment. Uncontrolled trials suggest that methotrexate and tumor necrosis factor a 
inhibitors are effective steroid-sparing agents. In addition, cyclophosphamide is used in patients 
with severe refractory Takayasu arteritis. 


After the inflammatory phase of Takayasu arteritis has been controlled, affected patients may 
still have symptoms of vascular insufficiency due to fixed arterial narrowing. Aspirin may be 
used in this setting, but some patients require vascular intervention with revascularization. The 
outcome of coronary artery bypass graft surgery, angioplasty, and stenting is not optimal in these 
patients, and revascularization is not indicated until inflammation has been controlled. 
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Medium-Sized Vessel Vasculitis 


e Polyarteritis Nodosa 
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Polyarteritis Nodosa 


e Pathophysiology and Epidemiology 
e Clinical Manifestations and Diagnosis 


e Treatment and Prognosis 
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Pathophysiology and Epidemiology 


Polyarteritis nodosa is a necrotizing vasculitis of the medium-sized arteries. The affected vessels 
are characterized by necrosis and inflammation in a patchy distribution. 


Polyarteritis nodosa has a peak age of onset between 40 and 60 years. Approximately 50% of 
cases of polyarteritis nodosa are associated with hepatitis B virus infection, usually of recent 
acquisition. The disorders also occur, but less frequently, in patients with hepatitis C virus 
infection. 
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Clinical Manifestations and Diagnosis 


Patients with polyarteritis nodosa typically present with fever, abdominal pain, arthralgia, and 
weight loss that develop over days to months. Two thirds of these patients have mononeuritis 
multiplex, and one third have hypertension, testicular pain, and cutaneous involvement including 
nodules, ulcers, purpura, and livedo reticularis. 


The kidneys, peripheral nerves, and heart also are commonly affected. Aneurysm formation is 
common, especially in the mesenteric vessels. Ischemia, not glomerulonephritis, causes renal 
disease in patients with this condition. 


Patients with polyarteritis nodosa usually have anemia, leukocytosis, and an elevated ESR. 
ANCA assays are almost always negative, particularly in patients with concomitant hepatitis B 
virus infection. In patients with a compatible clinical presentation, biopsy is generally taken from 
the skin or a sural nerve. Radiographic imaging of the mesenteric or renal arteries can also be 


used to establish a definitive diagnosis of polyarteritis nodosa. Characteristic findings of this 
condition include aneurysms and stenoses of the medium-sized vessels. 
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Treatment and Prognosis 


High-dose corticosteroid therapy is indicated initially to treat polyarteritis nodosa. After the 
inflammatory process has been controlled, the dosage can be tapered. 


Predictors of a poor prognosis include renal, gastrointestinal, central nervous system, or cardiac 
involvement. The 5-year survival rate in patients without such involvement is 90%; the 5-year 
survival rate in patients with any one of these features is 65%. 


Patients with a poor prognosis or with disease that is not controlled by corticosteroids should 
receive cyclophosphamide in addition to corticosteroid therapy. Short-term high-dose 
corticosteroid therapy accompanied by an antiviral agent such as lamivudine is indicated in 
patients with concomitant hepatitis B virus infection. A large retrospective study demonstrated 
that 50% of patients with hepatitis B e antigen (HBeAg)-positive polyarteritis nodosa treated 
with combination therapy seroconverted to anti-hepatitis Be antibody positivity and their 
vasculitis remitted. 
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Small-Vessel Vasculitis 


Antineutrophil Cytoplasmic Antibodies and Vasculitis 
Wegener Granulomatosis 

Microscopic Polyangiitis 

Churg-Strauss Syndrome 

Henoch-Schoénlein Purpura 


Cryoglobulinemic Vasculitis 
Cutaneous Leukocytoclastic Vasculitis 
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Antineutrophil Cytoplasmic Antibodies and Vasculitis 


The ANCA-associated vasculitides include Wegener granulomatosis, microscopic polyangiitis, 
and Churg-Strauss syndrome (CSS). These conditions are characterized by vasculitis of the small 
to medium-sized vessels, pauci-immune necrotizing glomerulonephritis, and pulmonary and 
renal involvement. 


The presence of ANCAs may be pathogenic and not just a marker of disease; ANCA titers 
correlate with disease activity but should not be used to guide treatment. 


Immunofluorescence testing is used to detect ANCAs. The c-ANCA pattern of staining generally 
reflects reactivity to neutral serine proteinase-3 and is highly sensitive and specific for Wegener 
granulomatosis. The p-ANCA pattern reflects reactivity to myeloperoxidase and typically is 
associated with microscopic polyangiitis and CSS. 


Antibodies to other proteins also can produce a p-ANCA pattern. These atypical ANCAs are 
present in patients with conditions such as rheumatoid arthritis and inflammatory bowel disease 
and are not associated with vasculitis. An enzyme-linked immunosorbent assay is indicated to 
directly measure reactivity to proteinase-3 and myeloperoxidase in ANCA-positive patients, 
because only antibodies to these antigens are specific for vasculitis. 
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Wegener Granulomatosis 


e Clinical Manifestations and Diagnosis 
e Treatment and Prognosis 
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Clinical Manifestations and Diagnosis 


Wegener granulomatosis is a necrotizing vasculitis that typically affects the respiratory tract and 
the kidneys. More than 70% of affected patients present with upper-airway symptoms, 
particularly sinusitis. Nasal, inner ear, or laryngotracheal involvement can also occur. Cartilage 
and tissue destruction can result in nasal septal perforation or a saddle nose deformity. 


Up to 90% of patients have pulmonary manifestations that can include cough, hemoptysis, or 
pleurisy. Radiographs in these patients show infiltrates or nodules that are often cavitary, as well 
as pulmonary hemorrhage (Figure 37). 


Renal involvement occurs in 80% of patients. Renal manifestations usually are preceded by 
pulmonary disease and can be rapidly progressive. Other commonly affected organs include the 
eyes (scleritis, keratitis, uveitis, and an inflammatory soft-tissue mass in the orbital fossa known 
as retro-orbital pseudotumor), skin (purpura, nodules, and ulcers), and nerves (mononeuritis 
multiplex). Patients with Wegener granulomatosis also have an increased risk for venous 
thromboembolism. 


In most patients with Wegener granulomatosis, lung tissue demonstrates vasculitis, necrosis, or 
granulomatous inflammation; however, all three features are rarely present in the same biopsy 


specimen. Biopsy of the sinuses or transbronchial lung biopsy rarely is used to confirm a 
diagnosis of Wegener granulomatosis. 


Renal biopsy specimens reveal a necrotizing focal segmental glomerulonephritis. Granulomas 
and vasculitis are rarely found in the kidneys, and immune complex deposition is absent. In 
patients with a classic presentation (a systemic illness accompanied by pulmonary infiltrates, 
upper-airway findings, and hematuria) who have antiproteinase-3 antibodies, the diagnosis can 
be established without tissue biopsy. Patients with isolated upper- or lower-airway disease or 
isolated renal disease generally should undergo tissue biopsy to establish a diagnosis, even if 
antiproteinase-3 antibodies are present. 


Figure 37. Pulmonary disease in Wegener granulomatosis. 


Radiograph of a patient with Wegener granulomatosis showing pulmonary nodules. 


Reprinted with permission from Yee AMF and Paget SA, eds. Expert Guide to Rheumatology. 
Philadelphia: American College of Physicians; 2004. 
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Treatment and Prognosis 


High-dose corticosteroid therapy accompanied by a 3- to 6-month course of oral 
cyclophosphamide is used to treat Wegener granulomatosis. After remission has been achieved, 
cyclophosphamide can be switched to azathioprine or methotrexate. Treatment should be 
continued for at least 18 months. 


In patients without severe renal involvement, methotrexate can be used instead of 
cyclophosphamide. However, methotrexate therapy is associated with a higher rate of relapse 
and usually is reserved for patients with mild disease, such as that localized to the upper airways. 
Etanercept is not effective in Wegener granulomatosis, but rituximab has shown therapeutic 
promise in one open-label trial. 


Up to 90% of patients with Wegener granulomatosis achieve remission. Relapse occurs in 30% 


of patients still on treatment and in another 30% of patients after discontinuation of treatment. 
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Microscopic Polyangiitis 


e Clinical Manifestations and Diagnosis 
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Clinical Manifestations and Diagnosis 


Microscopic polyangiitis is a necrotizing vasculitis that typically involves the kidneys and lungs. 
It can affect patients of any age but has a peak age of onset between 30 and 50 years of age. 
Affected patients frequently present with glomerulonephritis that is often rapidly progressive and 
commonly results in renal failure; 50% of patients have pulmonary involvement that usually 
manifests as pulmonary hemorrhage. Fever, arthralgia, purpura, and mononeuritis multiplex can 
also occur. 


Antimyeloperoxidase antibodies are present in 60% to 85% of patients with microscopic 
polyangiitis; only 10% of affected patients have antiproteinase-3 antibodies. 


Renal biopsy specimens reveal a pauci-immune necrotizing glomerulonephritis that is 
indistinguishable from that found in patients with Wegener granulomatosis. Lung biopsy 
specimens reveal a characteristic pulmonary capillaritis and may reveal inflammatory infiltrates. 
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Treatment 


Treatment for microscopic polyangiitis consists of corticosteroids and cyclophosphamide to 
induce remission, followed by maintenance therapy using azathioprine or methotrexate. 
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Churg-Strauss Syndrome 


e Clinical Manifestations and Diagnosis 
e Treatment and Prognosis 
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Clinical Manifestations and Diagnosis 


Virtually all patients with CSS have asthma; up to 80% of affected patients have a history of 
rhinitis or sinusitis. Migratory pulmonary infiltrates, mononeuritis multiplex, and purpura are 
each present in 50% of patients; cardiac and gastrointestinal involvement in 33%; and 
glomerulonephritis in 20%. Fever, arthralgia, and myalgia may also occur. 


Tissue inflammation in patients with CSS is manifested as eosinophilic tissue infiltration or a 
necrotizing small-vessel vasculitis. The vasculitis can be granulomatous or nongranulomatous 
and involves both small arteries and veins. 


More than 95% of patients with CSS have eosinophilia, and 40% have ANCAs that are virtually 
always antimyeloperoxidase antibodies. Patients who have ANCAs are more likely to have 
glomerulonephritis, alveolar hemorrhage, mononeuritis multiplex, and purpura. Conversely, 
patients without ANCAs are more likely to have pulmonary infiltrates and cardiomyopathy, 
which are the result of eosinophilic tissue infiltration. 
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Treatment and Prognosis 

High-dose corticosteroids are indicated to treat CSS and should be accompanied by 
cyclophosphamide in patients with renal, gastrointestinal, central nervous system, or cardiac 
involvement. 

Up to 80% of patients achieve remission, but relapse occurs in 40% of such patients. The 10-year 


survival rate is 80%, and 75% of deaths are caused by the disease itself, usually from cardiac 
involvement. 
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Henoch-Schonlein Purpura 
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Clinical Manifestations and Diagnosis 


Henoch-Schonlein purpura (HSP) most commonly develops in children but occasionally affects 
adults, in whom this disease is much more severe. This condition is characterized by purpura, 
arthritis, abdominal pain, and renal disease. HSP usually resolves in days to weeks, but a subset 
of patients has persistent, progressive renal disease. 


Skin biopsy specimens demonstrate leukocytoclastic vasculitis and IgA deposition. Renal biopsy 
specimens reveal a glomerulonephritis with IgA deposition that is indistinguishable from that in 
patients with IgA nephropathy. 
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Treatment and Prognosis 


In children, corticosteroid therapy may control nonrenal symptoms but does not prevent renal 
disease. There are no effective treatments for adults with HSP-associated renal disease. 
However, high-dose corticosteroids are sometimes considered for patients with severe 
glomerulonephritis. 


After 5 years of follow-up, 40% of affected adults develop hematuria and 10% develop renal 
insufficiency. 
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Cryoglobulinemic Vasculitis 


e Pathophysiology 


e Clinical Manifestations and Diagnosis 
e Treatment 
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Pathophysiology 


Cryoglobulins are immunoglobulins that precipitate in the cold and have rheumatoid factor 
activity. Type I cryoglobulins are monoclonal rheumatoid factors that can be associated with 
hyperviscosity and can produce ischemic ulcerations in acral areas exposed to the cold, such as 
the ears, nose, and finger tips. Type I cryoglobulins are present in patients with multiple 
myeloma and Waldenström macroglobulinemia. 


Type II cryoglobulins are monoclonal rheumatoid factors that can be associated with small- 
vessel vasculitis. Type II cryoglobulins, which are not typically associated with vasculitis, are 
polyclonal rheumatoid factors that are present in patients with such chronic inflammatory 
diseases as hepatitis B and C virus infection, endocarditis, systemic lupus erythematosus (SLE), 
and rheumatoid arthritis. 
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Clinical Manifestations and Diagnosis 


Type I cryoglobulinemic vasculitis manifests as palpable purpura, mononeuritis multiplex, 
hepatosplenomegaly, hypocomplementemia, and glomerulonephritis. Approximately 80% to 
95% of patients with type II cryoglobulinemic vasculitis have hepatitis C virus infection, 
although only 5% of patients with hepatitis C virus infection and cryoglobulins develop 
vasculitis. A diagnosis of cryoglobulinemic vasculitis is established by the presence of 
cryoglobulins in the serum. 
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Treatment 


Interferon alfa and ribavirin are effective in 75% of patients with mild to moderate 
cryoglobulinemic vasculitis and hepatitis C virus infection. However, disease may recur if 
antiviral therapy is discontinued and hepatitis C virus has not been eradicated. 


In patients with severe disease, a short course of corticosteroids occasionally accompanied by 
cyclophosphamide is indicated but should be discontinued once the acute phase of the condition 
has subsided. 
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Cutaneous Leukocytoclastic Vasculitis 


Cutaneous leukocytoclastic vasculitis can develop in patients with various localized and systemic 
disorders: 40% of cases are idiopathic; 20% are associated with medications; 22% are related to 
a recent infection; and 12% are a result of connective tissue diseases, primarily SLE and 
rheumatoid arthritis. The remaining cases occur in the context of a systemic vasculitis (Table 
22). 


Table 22. Causes of Secondary Vasculitis 


Medications 
Antimicrobial agents 
Vaccines 
Antithyroid agents 
Anticonvulsant agents 
Antiarrhythmic agents 
Diuretics 
Other cardiovascular drugs 
Anticoagulants 
Antineoplastic agents 
Hematopoietic growth factors 
NSAIDs 
Leukotriene inhibitors 
Psychotropic drugs 
Sympathomimetic agents 
Allopurinol 
TNF modulatory agents 
Interferon alfa 

Infections 

Hepatitis A, B, and C virus 


HIV 
Bacterial endocarditis 
Parvovirus B19 
Neoplasms 
Hairy cell leukemia (associated with polyarteritis nodosa) 
Other hematologic and solid malignancies 
Autoimmune Diseases 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Sjögren syndrome 
Inflammatory myopathies 
Systemic sclerosis 
Relapsing polychondritis 
Inflammatory bowel disease 
Primary biliary cirrhosis 
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Clinical Manifestations and Diagnosis 


Cutaneous leukocytoclastic vasculitis can manifest as palpable purpura, skin nodules, 
ulcerations, livedo reticularis, or urticaria (Figure 38). The vasculitis typically occurs on the 
lower extremities, particularly below the knees, or where tightly fitting clothing is worn. 
Involvement of the upper extremities, trunk, head, or neck should raise suspicion for more severe 
disease or an associated illness. Symptoms of medication-induced cutaneous vasculitis typically 
manifest 7 to 21 days after initial exposure to the triggering agent. 


Figure 38. Dermatologic manifestations of cutaneous 
leukocytoclastic vasculitis. 


The left panel shows palpable purpura, the center panel shows urticaria, and the right panel 
shows livedo reticularis. 


Reprinted with permission from Alguire PA. Internal Medicine Essentials for Clerkship Students 


2. Philadelphia: American College of Physicians; 2009. 
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Treatment 


NSAIDs, antihistamines, colchicine, or dapsone is used to manage symptomatic and persistent 
cutaneous leukocytoclastic vasculitis. Low-dose corticosteroid therapy is indicated if these 
agents are not effective, and use of a steroid-sparing agent such as methotrexate or azathioprine 
may be warranted in this setting. Treatment of medication-induced cutaneous leukocytoclastic 
vasculitis consists of discontinuing the triggering agent. 
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Secondary Vasculitis 


Vasculitis can occur as a manifestation of an underlying condition as well as a primary disease 
(see Table 22). Secondary vasculitis is usually cutaneous but can be systemic, particularly when 
associated with connective tissue diseases, such as SLE or Sjögren syndrome. 


Certain medications, particularly hydralazine and propylthiouracil, have been associated with p- 
ANCA-telated systemic vasculitis. Viral disease also has been associated with vasculitis. 


Malignancies, particularly lymphomas and leukemias, also have been associated with vasculitis. 
In rare circumstances, vasculitis occurs in patients with lung, colon, or gastrointestinal 


carcinomas. 


Management of secondary vasculitis involves treating the underlying disease or discontinuing 
the triggering agent. 
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Other Systemic Autoinflammatory Diseases 


e Behçet Disease 


e Relapsing Polychondritis 
e Adult-Onset Still Disease 


Key Points 


e The most important diagnostic clues for Behçet disease are intermittent cutaneous, 
mucous membrane, and ocular involvement. 


e Inflammatory eye disease is a major cause of morbidity in patients with Behçet disease. 

e Vascular events, especially aneurysm rupture, are the chief cause of death in patients with 
Behcet disease. 

e Relapsing polychondritis is characterized by inflammation of cartilage with involvement 
of the ears, nose, larynx, trachea, and joints. 

e High-dose corticosteroids are the mainstay of treatment for relapsing polychondritis. 

e Adult-onset Still disease is classically associated with fever, arthritis, and elevated ferritin 
levels and occasionally causes evanescent rash. 

e NSAIDs are generally used as first-line agents in the treatment of patients with adult- 
onset Still disease, but corticosteroids may be helpful in patients whose disease is 
refractory to NSAIDs. 
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Behcet Disease 


Behcet disease is a rare systemic disorder characterized by vasculitis and potential involvement 
of multiple visceral organs. The most important diagnostic clues for Behçet disease are 
intermittent mucous membrane, cutaneous, and ocular involvement. Gastrointestinal, pulmonary, 
musculoskeletal, and neurologic manifestations also may be present. 


Death occurs early in the disease course in patients with vascular and/or neurologic involvement. 
Vascular events, especially aneurysm rupture, are the chief cause of death in patients with Behçet 
disease; pulmonary artery aneurysms in particular have a high risk of rupture and subsequent 
death. 
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Clinical Manifestations 


Nearly all patients with Behçet disease have oral ulcerations at some point in their disease 
course. These ulcerations, which are similar to those in inflammatory bowel disease, are typically 
painful, may have a pseudomembrane, and are nonscarring (Figure 39). 


Painful genital ulcerations, which are similar in appearance to the oral ulcerations and typically 
develop on the vulva or the scrotum, cause scarring in 75% of patients (Figure 40). Additional 
cutaneous manifestations include erythema nodosum, cutaneous pustular vasculitis, 
inflammatory plaques, and lesions similar in appearance to pyoderma gangrenosum. 


Inflammatory eye disease typically develops early in the disease course and is associated with an 
approximately 20% incidence of blindness. Specific manifestations may include anterior uveitis, 
which may manifest as pain, redness of the eye, and hypopyon; posterior uveitis, which 


manifests as floaters in the visual field; and retinal vasculitis, which classically manifests as a 
painless decrease in vision that may be accompanied by visual field defects and floaters. 


Vascular involvement in patients with Behçet disease includes arterial occlusions and aneurysms 
and venous thrombosis. Venous involvement is more common and manifests as deep venous 
thrombosis but also may involve the superior and inferior vena cava, dural sinuses, and portal 
vein. Abdominal aortic aneurysms also can develop and may rupture. 


Gastrointestinal involvement is caused by mucosal inflammation and ulcerations; ileocecal 
involvement commonly occurs. Gastrointestinal manifestations include abdominal pain, nausea, 
and diarrhea. 


Pulmonary involvement is less common but can be associated with high mortality rates. 
Pulmonary manifestations include pleuritis, cough, fever, and/or hemoptysis. Pulmonary artery 
aneurysms, which have a high risk of rupture, may occur. 


The most common musculoskeletal manifestation is arthralgia. Up to 50% of patients with 
Behcet disease develop a nonerosive oligoarthritis that primarily involves the large joints of the 
lower extremities. 


Neurologic manifestations typically present later in the disease course and include aseptic 
meningitis; vascular thrombotic events such as dural sinus thrombosis; inflammation of the brain 
stem; and organic brain syndrome, which is characterized by confusion, seizures, and memory 
loss. 


Figure 39. Aphthous oral ulcerations in a patient with 
Behcet disease. 


Reprinted with permiss ion from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 


Figure 40. Genital ulcerations in a patient with Behcet 
disease. 


Reprinted with permission from Physician’s Information and Education Resource (PIER). 
Philadelphia: American College of Physicians. Copyright 2009 American College of Physicians. 
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Diagnosis 


The International Study Group criteria for Behçet disease are highly sensitive and specific for the 
disease and consist of the presence of oral ulcerations that recur at least three times in 1 year and 
at least two of the following manifestations: recurrent genital ulcerations, inflammatory eye 
disease, cutaneous lesions, and positive results on a pathergy test. This test is performed by 
inserting a 20- to 25-gauge needle 0.5 cm intradermally, usually into the forearm. Results are 
considered positive if an erythematous papule or pustule more than 2 mm in diameter develops at 
the site of the needlestick 48 hours later. The pathergy test has a specificity of 95% to 100% for 
Behcet disease, but results are typically negative in American and European patients. 
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Treatment 


Oral corticosteroids, often in high doses, are used to treat patients with Behçet disease who have 
severe mucocutaneous involvement. Colchicine, dapsone, and thalidomide are effective in 
treating mucosal ulcerations. 


Azathioprine and cyclosporine have been shown to be effective in the treatment of inflammatory 
eye disease associated with Behçet disease. Cyclophosphamide or chlorambucil may be used to 
treat pulmonary vascular disease and neurologic manifestations. Recent case reports have 


suggested that infliximab may be effective in patients with Behçet disease. Because thrombotic 
disorders related to Behçet disease are caused by inflammation and not a hypercoagulable state, 
anticoagulation typically is not indicated in this setting. 
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Relapsing Polychondritis 


Relapsing polychondritis is a systemic disorder characterized by inflammation of cartilage with 
involvement of the ears, nose, larynx, trachea, and joints. This condition can occur in 
conjunction with other autoimmune diseases such as vasculitis, rheumatoid arthritis, and 
systemic lupus erythematosus. This condition also may be associated with myelodysplastic 
syndromes. 


The disease course may be relapsing-remitting, but some patients have a rapidly fatal course 
characterized by airway inflammation and respiratory failure. The most common causes of death 
in affected patients are infectious complications caused by immunosuppression and pneumonia 
due to upper-airway obstruction. Death also may result from airway collapse or inflammation of 
vessels with aneurysm rupture. 
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Clinical Manifestations 


Auricular inflammation is present in 85% of affected patients and consists of redness, swelling, 
and tenderness of the auricle (Figure 41). Additional manifestations of the disorder include low- 
grade fever, fatigue, arthralgia, and arthritis. 


Serous otitis media and cartilaginous inflammation of the eustachian tube may develop and can 
cause hearing loss. Vestibular hearing loss due to arteritis of the branches of the internal auditory 
artery also may occur. Inflammatory lesions can destroy nasal cartilage, which may result in a 
saddle-nose deformity. 


Patients with inflammation of the tracheal cartilage may develop upper-airway obstruction with 
stridor; bronchial chondritis, which can rapidly progress to airway collapse and respiratory 
failure, also may occur. 


Cardiovascular involvement includes valvulitis with aortic and/or mitral valve insufficiency. 
Vascular involvement also may include aneurysm formation, particularly of the ascending aorta. 


Up to 50% of patients develop inflammatory eye disease, including episcleritis, scleritis, or 
uveitis. Ocular pseudotumors (orbital mucosa-associated lymphoid tissue [MALT]-type cell 
lymphoma) also may occur. 


Cartilaginous inflammation of the joints results in arthritis. Nervous system involvement 
includes peripheral neuropathy; mononeuritis multiplex; cranial neuropathies; and, less 
commonly, aseptic meningitis or cerebral vasculitis. 


Figure 41. Auricular inflammation in a patient with 
relapsing polychondritis. 
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Diagnosis 


Relapsing polychondritis is associated with inflammation of the auricular, nasal, and/or laryngeal 
cartilage, and the diagnosis is established by inflammation in two of these areas. If only one area 
is involved, two of the following features must be present: ocular inflammation, audiovestibular 
manifestations, and/or inflammatory arthritis, which need not occur simultaneously. Affected 
patients may develop a normocytic, normochromic anemia and an elevated erythrocyte 


sedimentation rate and C-reactive protein level. A macrocytic anemia is suggestive of a 
myelodysplastic syndrome. 


The differential diagnosis includes other systemic vasculitides, such as Wegener granulomatosis, 
Takayasu arteritis, sarcoidosis, and amyloidosis. 
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Treatment 


High-dose corticosteroids are the mainstay of treatment in patients with relapsing polychondritis. 
The inflammatory eye disease is treated with corticosteroid eye drops. Systemic corticosteroids 
or steroid-sparing agents such as azathioprine or methotrexate can be used as second-line 
treatment. Management of inflammatory airway disease may include methotrexate, azathioprine, 
or cyclosporine. 


Tracheostomy may be warranted in patients with upper-airway obstruction and stridor. Patients 
with postinflammatory fibrotic airway disease may require airway stenting. 
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Adult-Onset Still Disease 


Adult-onset Still disease (AOSD) is a systemic inflammatory disorder with multisystem 
involvement that is associated with fever, evanescent rash, and arthritis; the disorder has a 2:1 
female predominance. 


Some affected patients have self-limited disease that lasts less than 1 year, whereas others have a 
chronic relapsing-remitting course. The disorder also can manifest as a chronic articular disease 
that usually is associated with a destructive arthropathy and a worse prognosis. 
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Clinical Manifestations 


The clinical features of AOSD include a quotidian fever in which the temperature usually spikes 
once daily and then returns to subnormal (Table 23). Patients typically have constitutional 
symptoms, including fatigue, malaise, arthralgia, and myalgia, that worsen during febrile 
episodes. Proteinuria and serositis also may be present during these episodes. Rash occurs in the 
juvenile form of this disease but is much less common in affected adults. Joint manifestations 
include an intense but typically nonerosive inflammatory arthritis; some patients also have 
profound joint stiffness without obvious signs of inflammation. 


Table 23. Yamaguchi Criteria for the Diagnosis of Adult- 
Onset Still Disease’ 


Major Criteria 
Fever of at least 39.0 °C (102.2 °F) lasting at least 1 week 
Arthralgias or arthritis lasting at least 2 weeks 


A salmon-colored nonpruritic macular or maculopapular rash usually found over the trunk or 
extremities during febrile episodes 


Leukocytosis (leukocyte count >10,000/uL [10 x 10°/L]) with at least 80% granulocytes 
Minor Criteria 

Sore throat 

Lymphadenopathy 

Hepatomegaly or splenomegaly 


Abnormal liver chemistry studies, particularly elevations in aspartate and alanine 
aminotransferase and lactate dehydrogenase levels 


Negative results on rheumatoid factor and antinuclear antibody assays 


“Adult-onset Still disease can be diagnosed in patients with at least five of these features, 
including at least two major criteria. 


PreviousNext 

Diagnosis 

AOSD is typically a diagnosis of exclusion, and the differential diagnosis is broad. 

Ferritin levels are elevated in AOSD, and serum levels higher than 2500 ng/mL (2500 mg/L) are 


highly specific for this condition and reflect disease activity. Levels of proinflammatory 
cytokines, including tumor necrosis factor a, interleukin-1, and interleukin-6, may be elevated. 
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Treatment 


NSAIDs are generally used as first-line agents in the treatment of AOSD, but corticosteroids 
may be helpful in patients whose disease is refractory to NSAIDs. In patients with disease 
refractory to NSAIDs and prednisone, therapy with methotrexate, a tumor necrosis factor a 
inhibitor, or the interleukin-1 receptor antagonist anakinra may be helpful. 
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LABORATORY VALUES 
MKSAP?® 15 


U.S. traditional units are followed in parentheses by equivalent values expressed in S.I. units. 


Hematology 


Activated partial thromboplastin time — 25-35 s 

Bleeding time — less than 10 min 

Erythrocyte count — 4.2-5.9 x 10°/pL (4.2-5.9 x 10!2/L) 

Erythrocyte sedimentation rate 
Male — 0-15 mm/h 
Female — 0-20 mm/h 

Erythropoietin — less than 30 mU/mL (30 U/L) 

D-Dimer — less than 0.5 ng/mL (500 mg/L) 

Ferritin, serum — 15-200 ng/mL (15-200 ug/L) 

Haptoglobin, serum — 50-150 mg/dL (500-1500 mg/L) 

Hematocrit 
Male — 41%-51% 

Female — 36%-47% 

Hemoglobin, blood 
Male — 14-17 g/dL (140-170 g/L) 

Female — 12-16 g/dL (120-160 g/L) 

Leukocyte alkaline phosphatase — 15-40 mg of phosphorus 
liberated /h per 101° cells; score = 13-130/100 polymorphonuclear 
neutrophils and band forms 

Leukocyte count — 4000-10,000/uL (4.0-10 x 10°/L) 

Mean corpuscular hemoglobin — 28-32 pg 

Mean corpuscular hemoglobin concentration — 32-36 g/dL 
(320-360 g/L) 

Mean corpuscular volume — 80-100 fL 

Platelet count — 150,000-350,000/uL (150-350 x 10°/L) 

Prothrombin time — 11-13 s 

Reticulocyte count — 0.5%-1.5% of erythrocytes; absolute: 23,000- 
90,000 /uL (23-90 x 10°/L) 


Blood, Plasma, and Serum Chemistry Studies 


Albumin, serum — 3.5-5.5 g/dL (35-55 g/L) 
Alkaline phosphatase, serum — 36-92 U/L 
a-Fetoprotein, serum — 0-20 ng/mL (0-20 ug/L) 
Aminotransferase, alanine (ALT) — 0-35 U/L 
Aminotransferase, aspartate (AST) — 0-35 U/L 
Ammonia, plasma — 40-80 pg/dL (23-47 pmol/L) 
Amylase, serum — 0-130 U/L 
Bicarbonate, serum — 23-28 meq/L (23-28 mmol/L) 
Bilirubin, serum 

Total — 0.3-1.2 mg/dL (5.1-20.5 pmol/L) 

Direct — 0-0.3 mg/dL (0-5.1 umol/L) 
Blood gases, arterial (ambient air) 

pH — 7.38-7.44 

Pco, — 35-45 mm Hg 

Poz — 80-100 mm Hg 

Oxygen saturation — 95% or greater 
Blood urea nitrogen — 8-20 mg/dL (2.9-7.1 mmol/L) 
C-reactive protein — 0.0-0.8 mg/dL (0.0-8.0 mg/L) 
Calcium, serum — 9-10.5 mg/dL (2.2-2.6 mmol/L) 
Carbon dioxide content, serum — 23-28 meq/L 

(23-28 mmol/L) 
Chloride, serum — 98-106 meq/L (98-106 mmol/L) 
Cholesterol, plasma 

Total — 150-199 mg/dL (3.88-5.15 mmol/L), desirable 

Low-density lipoprotein (LDL) — less than or equal to 

130 mg/dL (3.36 mmol/L), desirable 

High-density lipoprotein (HDL) — greater than or equal to 

40 mg/dL (1.04 mmol/L), desirable 


Complement, serum 

C3 — 55-120 mg/dL (550-1200 mg/L) 

Total (CH59) — 37-55 U/mL (37-55 kU/L) 
Creatine kinase, serum — 30-170 U/L 
Creatinine, serum — 0.7-1.3 mg/dL (61.9-115 pmol/L) 
Electrolytes, serum 

Sodium — 136-145 meq/L (136-145 mmol/L) 

Potassium — 3.5-5.0 meq/L (3.5-5.0 mmol/L) 

Chloride — 98-106 meq/L (98-106 mmol/L) 

Bicarbonate — 23-28 meq/L (23-28 mmol/L) 
Fibrinogen, plasma — 150-350 mg/dL (1.5-3.5 g/L) 
Folate, red cell — 160-855 ng/mL (362-1937 nmol/L) 
Folate, serum — 2.5-20 ng/mL (5.7-45.3 nmol/L) 
Glucose, plasma — fasting, 70-100 mg/dL (3.9-5.6 mmol/L) 
y-Glutamyltransferase, serum — 0-30 U/L 
Homocysteine, plasma 

Male — 0.54-2.16 mg/L (4-16 umol/L) 

Female — 0.41-1.89 mg/L (3-14 pmol/L) 
Immunoglobulins 

Globulins, total — 2.5-3.5 g/dL (25-35 g/L) 

IgG — 640-1430 mg/dL (6.4-14.3 g/L) 

IgA — 70-300 mg/dL (0.7-3.0 g/L) 

IgM — 20-140 mg/dL (0.2-1.4 g/L) 

IgD — less than 8 mg/dL (80 mg/L) 

IgE — 0.01-0.04 mg/dL (0.1-0.4 mg/L) 
Iron studies 

Ferritin, serum — 15-200 ng/mL (15-200 ug/L) 

Iron, serum — 60-160 pg/dL (11-29 pmol/L) 

Iron-binding capacity, total, serum — 250-460 pg/dL 

(45-82 pmol/L) 

Transferrin saturation — 20%-50% 

Lactate dehydrogenase, serum — 60-100 U/L 

Lactic acid, venous blood — 6-16 mg/dL (0.67-1.8 mmol/L) 
Lipase, serum — less than 95 U/L 

Magnesium, serum — 1.5-2.4 mg/dL (0.62-0.99 mmol/L) 
Methylmalonic acid, serum — 150-370 nmol/L 

Osmolality, plasma — 275-295 mosm/kg H20 

Phosphatase, alkaline, serum — 36-92 U/L 

Phosphorus, serum — 3-4.5 mg/dL (0.97-1.45 mmol/L) 
Potassium, serum — 3.5-5.0 meq/L (3.5-5.0 mmol/L) 
Prostate-specific antigen, serum — less than 4 ng/mL (4 ug/L) 
Protein, serum 

Total — 6.0-7.8 g/dL (60-78 g/L) 

Albumin — 3.5-5.5 g/dL (35-55 g/L) 

Globulins, total — 2.5-3.5 g/dL (25-35 g/L) 
Rheumatoid factor — less than 40 U/mL (40 kU/L) 
Sodium, serum — 136-145 meq/L (136-145 mmol/L) 
Transferrin saturation — 20%-50% 

Triglycerides — less than 250 mg/dL (2.82 mmol/L), desirable 
Troponins, serum 

Troponin I — 0-0.5 ng/mL (0-0.5 ug/L) 

Troponin T — 0-0.10 ng/mL (0-0.10 ng/L) 

Urea nitrogen, blood — 8-20 mg/dL (2.9-7.1 mmol/L) 
Uric acid, serum — 2.5-8 mg/dL (0.15-0.47 mmol/L) 
Vitamin B42, serum — 200-800 pg/mL (148-590 pmol/L) 


Endocrine 


Adrenocorticotropin (ACTH), serum — 9-52 pg/mL 
(2-11 pmol/L) 
Aldosterone, serum 
Supine — 2-5 ng/dL (55-138 pmol/L) 
Standing — 7-20 ng/dL (194-554 pmol/L) 
Aldosterone, urine — 5-19 pg/24 h (13.9-52.6 nmol/24 h) 
Catecholamines 
Epinephrine, plasma (supine) — less than 75 ng/L (410 pmol/L) 
Norepinephrine, plasma (supine) — 50-440 ng/L (296-2600 
pmol/L) 
Catecholamines, 24-hour, urine — less than 100 pg/m? per 
24 h (591 nmol/m? per 24 h) 
Cortisol, free, urine — less than 50 pg/24 h (139 nmol/24 h) 
Dehydroepiandrosterone sulfate (DHEA), plasma 
Male — 1.3-5.5 pg/mL (3.5-14.9 pmol/L) 
Female — 0.6-3.3 ug/mL (1.6-8.9 pmol/L) 
Epinephrine, plasma (supine) — less than 75 ng/L (410 pmol/L) 
Estradiol, serum 
Male — 10-30 pg/mL (37-110 pmol/L) 
Female — day 1-10, 14-27 pg/mL (50-100 pmol/L); 
day 11-20, 14-54 pg/mL (50-200 pmol/L); day 21-30, 
19-41 pg/mL (70-150 pmol/L) 
Follicle-stimulating hormone, serum 
Male (adult) — 5-15 mU/mL (5-15 U/L) 
Female — follicular or luteal phase, 5-20 mU/mL (5-20 U/L); 
midcycle peak, 30-50 mU/mL (30-50 U/L); postmenopausal, 
greater than 35 mU/mL (35 U/L) 
Growth hormone, plasma — after oral glucose: less than 2 ng/mL 
(2 pg/L); response to provocative stimuli: greater than 7 ng/mL 
(7 pg/L) 
Luteinizing hormone, serum 
Male — 3-15 mU/mL (3-15 U/L) 
Female — follicular or luteal phase, 5-22 mU/mL (5-22 U/L); 
midcycle peak, 30-250 mU/mL (30-250 U/L); postmenopausal, 
greater than 30 mU/mL (30 U/L) 
Metanephrine, urine — less than 1.2 mg/24 h (6.1 mmol/24 h) 
Norepinephrine, plasma (supine) — 50-440 ng/mL (296-2600 
pmol/L) 
Parathyroid hormone, serum — 10-65 pg/mL (10-65 ng/L) 
Prolactin, serum 
Male — less than 15 ng/mL (15 pg/L) 
Female — less than 20 ng/mL (20 pg/L) 
Testosterone, serum 
Male (adult) — 300-1200 ng/dL (10-42 nmol/L) 
Female — 20-75 ng/dL (0.7-2.6 nmol/L) 
Thyroid function tests 
Thyroid iodine (1311) uptake — 10%-30% of administered dose 
at 24h 
Thyroid-stimulating hormone (TSH) — 0.5-5.0 U/mL 
(0.5-5.0 mU/L) 
Thyroxine (T4), serum 
Total — 5-12 pg/dL (64-155 nmol/L) 
Free — 0.9-2.4 ng/dL (12-31 pmol/L) 
Free Ty index — 4-11 
Triiodothyronine, free (T3) — 3.6-5.6 ng/L (5.6-8.6 pmol/L) 
Triiodothyronine, resin (T3) — 25%-35% 
Triiodothyronine (T3), serum — 70-195 ng/dL (1.1-3.0 
nmol/L) 
Vanillylmandelic acid, urine — less than 8 mg/24 h (40.4 
umol/24 h) 
Vitamin D 
1,25-dihydroxy, serum — 25-65 pg/mL (60-156 pmol/L) 
25-hydroxy, serum — 15-80 ng/mL (37-200 nmol/L) 


Urine 


Albumin-creatinine ratio — less than 30 mg/g 
Calcium — 100-300 mg/24 h (2.5-7.5 mmol/24 h) on unrestricted 
diet 
Creatinine — 15-25 mg/kg per 24 h (133-221 mmol/kg per 24 h) 
Glomerular filtration rate (GFR) 
Normal 
Male — 130 mL/min/1.73 m? 
Female — 120 mL/min/1.73 m? 
Stages of Chronic Kidney Disease 
Stage 1 — greater than or equal to 90 mL/min/1.73 m? 
Stage 2 — 60-89 mL/min/1.73 m? 
Stage 3 — 30-59 mL/min/1.73 m? 
Stage 4 — 15-29 mL/min/1.73 m? 
Stage 5 — less than 15 mL/min/1.73 m? 
5-Hydroxyindoleacetic acid (5-HIAA) — 2-9 mg/24 h 
(10.4-46.8 pmol /24 h) 
Protein-creatinine ratio — less than or equal to 0.2 mg/mg 
Sodium — 100-260 meq/24 h (100-260 mmol/24 h) 
(varies with intake) 
Uric acid — 250-750 mg/24 h (1.48-4.43 mmol/24 h) 
(varies with diet) 


Gastrointestinal 


Gastrin, serum — 0-180 pg/mL (0-180 ng/L) 
Stool fat — less than 5 g/d on a 100-g fat diet 
Stool weight — less than 200 g/d 


Pulmonary 

Forced expiratory volume in 1 second (FEV)) — greater than 
80% predicted 

Forced vital capacity (FVC) — greater than 80% predicted 

FEV) /FVC — greater than 75% 


Cerebrospinal Fluid 

Cell count — 0-5/uL (0-5 x 10°/L) 

Glucose — 40-80 mg/dL (2.5-4.4 mmol/L); less than 40% of 
simultaneous plasma concentration is abnormal 


Pressure (opening) — 70-200 mm H2O 
Protein — 15-60 mg/dL (150-600 mg/L) 


Hemodynamic Measurements 


Cardiac index — 2.5-4.2 L/min/m? 
Left ventricular ejection fraction — greater than 55% 
Pressures 
Pulmonary artery 
Systolic — 20-25 mm Hg 
Diastolic — 5-10 mm Hg 
Mean — 9-16 mm Hg 
Pulmonary capillary wedge — 6-12 mm Hg 
Right atrium — mean 0-5 mm Hg 
Right ventricle 
Systolic — 20-25 mm Hg 
Diastolic — 0-5 mm Hg 
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